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1.1 Prosociality bootcamp  

Humans, perhaps one of the most social animals on the planet, tend to help each other 

out. From a young age, we are already taught to share with others, to help those in need, to be 

kind, humble, accepting, and to listen without judgment. In other words, we are taught to act 

prosocially. Prosocial behavior can be defined as the tendency to perform behavior that benefits 

others. If we do act prosocially, we are generally accepted or praised, and if we do not, we are 

disciplined or encouraged to improve. In short, we are conditioned through positive and 

negative reinforcement to be prosocial and to evolve into a pleasant human being to be around.  

Going through this veritable “prosociality bootcamp” as a child is fortunately not all for 

naught, since if all goes well as we grow up, we will go out into the world and behave in ways in 

which our peers will want to keep interacting with us. Without knowing it, we have learned the 

basics to elicit reciprocity in others. If we are nice to our peers, they will be nice to us, and vice 

versa. If our peers reciprocate our kindness, we might choose to engage in repeated interactions 

with them. As such, reciprocity, or perhaps more accurately the expectation of reciprocity, lies 

at the basis of the formation of healthy relationships.  

Throughout most of our history, the expectation of direct reciprocity makes sense. In 

closely-knit communities with interdependence between community members, helping each 

other out can be necessary for survival, and can affect both direct and indirect fitness (West, 

Griffin, & Gardner, 2007). Moreover, the expectation of reciprocity is realistic in this setting. If I 

help you out today, I know you will be able to help me out later. Moreover, reciprocity is not 

unique to humans, as some animal species too show forms of direct and indirect reciprocity 

(Dugatkin, 1997). In addition, maintaining a good relationship is much more important if your 

options are limited; if I decide to stop reciprocating prosocial acts of others in my community, I 

might endanger my social standing and risk being excluded from the group. Reciprocity also has 

close ties to behaviors with a mutual benefit, that describes actions towards members a group 

that shares a common goal (West et al., 2007) 

 

1.2 Beyond reciprocity: why help strangers? 

Thinking of a closely-knit community where everyone helps each other nicely illustrates 

the expectation that others will respond to kindness with kindness. However, there are many 

cases where we help others, even if it is clear that someone might not -or cannot- return the 

favor in the future. For example, we interact with dozens of strangers every day, and even 

though we usually never see any of them again, under some circumstances we still tend to help 

them out. Whereas the motivator to perform prosocial behavior when helping colleagues, family 
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members, or friends might be the expectation of reciprocity, this is unlikely to play a role when 

helping strangers.  

Why then, would we help others if there is nothing in it for us? From a rational economic 

point of view, the answer is not straightforward. If there is nothing material to gain from 

engaging in prosocial behavior, why would we pursue that course of action anyway? Why would 

you help grab a product on the top shelf for an elderly lady if she is unlikely to pass you in 

height in the future and hand you something you cannot reach in return? Why would you take a 

tourist’s picture if you are unlikely to run into them in a future holiday in their home country? 

Why would you donate to charity, if charity surely will never donate to you? 

There are several theories, in addition to reciprocity, that could explain prosocial 

behavior in different contexts. For instance, other motivators of prosociality involve kin 

altruism (the tendency to be nicer to family, which is important in chapter 5), in-group 

favoritism (the tendency to be nicer to members of the same group, relevant for chapter 6), and 

prosocial behavior serving as a social signal to for instance improve your status (Grafen, 1990; 

Zahavi, 1975) (e.g. the act of sharing shows others that you have enough resources to share), 

which will not be addressed in this thesis (for an overview see: McAndrew, 2018) .  

Another possible motivator for prosocial behavior is that helping others seems to make 

us happier. Reflecting on why I sometimes help strangers, one part is that it has often left me 

feeling re-energized, happy, or useful. Seeing how a small act of kindness can brighten up 

someone’s day, or trigger a smile on a strangers face, for me can be reason enough. In other 

words, prosocial behavior towards others feels rewarding to me. In the literature, this 

rewarding feeling when performing prosocial actions, is referred to as a vicarious reward 

experience, or colloquially as the warm glow of giving (Andreoni, 1990).  

The overarching aim of my thesis was to investigate the development of these vicarious 

reward experiences in adolescence, and gain insight in the factors that play a role in whether or 

not rewards gained for others are experienced as rewarding for yourself. With the general topic 

of vicarious rewards, there were several questions that piqued my interest specifically: to what 

extent does helping others generally result in a vicarious reward experience? Are vicarious 

reward experiences exclusive for those close to you, or do they occur for rewards for unknown 

others as well? And if so, on what individual differences are vicarious reward experiences for 

unknown others dependent?   

With respect to the development of prosocial behavior, perhaps, experiences of 

vicarious reward can help explain why we grow up to continue performing prosocial acts. That 

is, a stimulus-response relationship between prosocial behavior and vicarious reward 

responses could exist, possibly related to going through “prosociality-bootcamp” as a child. If 

such a relationship exists, acts of prosocial behavior might lead to a self-reinforcing pattern of 
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prosocial behavior. Just as we can get addicted to a runner’s high and run increasingly often, 

could there be such a thing as a helper’s high that stimulates us to act more prosocially in the 

future?  

 

1.3 Prosocial behavior in adolescence  

With respect to the development of prosocial behavior, adolescence is an especially 

interesting period. That is, even though the general building blocks of prosociality are learned at 

a young age (Brownell, 2013), a second developmental period of sophistication of prosociality 

occurs in adolescence. Adolescence starts with the onset of puberty (around 10 years old) and 

ranges until approximately 22 years old, although the end of adolescence is largely culturally 

determined (Crone & Dahl, 2012). During adolescence, children become more autonomous and 

spend increasingly more time with peers compared to with parents. Related to this shift in with 

whom children spend their time, peers increasingly affect their behavior (Steinberg, 2001) and 

self-concept, children become more skilled at social perspective taking and start to develop 

more mature prosocial goals (Eisenberg, Carlo, Murphy, & van Court, 1995; Eisenberg, Fabes, & 

Spinrad, 2006). Possibly, some adolescents might feel an increasing need to engage in prosocial 

behavior to help out society (Fuligni, 2018). In short, with more autonomy and increased 

perspective taking abilities, adolescence is a phase that comes with increased opportunities for 

prosociality. 

On the other hand, adolescence is additionally characterized by increased risk-taking 

and rebellious behavior that can result in negative consequences later in life. These changes in 

behavior are thought to be related to the development of sensation seeking and impulse control. 

While sensation seeking is seen to rapidly increase when puberty hits (and remains elevated 

until early adulthood), impulse control is not yet fully developed (Shulman et al., 2016; 

Steinberg, 2013). See Figure 1 for a graphical representation of the relative developmental 

differences in sensation seeking and impulse control from a national longitudinal survey in the 

United States (Steinberg, 2013).  
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Figure 1. Adapted from Steinberg., 2013. Developmental trajectories of self-reported sensation seeking and 

impulse control 

Given both the optimistic outlook that adolescence is characterized by social maturation 

and prosocial goal development and the more negative outlook that adolescence is 

characterized by increases in risk-taking, adolescence can be seen as a period with both risks as 

well as opportunities. And while these negative and positive characteristics of adolescence 

might seem contradictive, both prosocial behavior as well as risk-taking behavior could be 

influenced by an underlying sensitivity to rewards (Blankenstein, Telzer, Do, van 

Duijvenvoorde, & Crone, 2020). That is, adolescents tend be more sensitive to rewards during 

adolescence compared to childhood and adulthood, and especially so when peers are present 

(van Hoorn, Fuligni, Crone, & Galván, 2016). With the focus on vicarious reward in my thesis, I 

examined the hypothesis that rewards for others can be similarly rewarding (i.e., be associated 

with a vicarious reward experience) as rewards for self. 

 

1.4 Functional magnetic resonance imaging & reward 

sensitivity 

Neuroimaging studies looking at reward processing in adults have laid the foundation for 

the current set of studies investigating vicarious reward (Harbaugh, Mayr, & Burghart, 2007; 

Moll et al., 2006). While several types of neuroimaging are used in the field, a majority of the 

researchers interested in brain function employs functional magnetic resonance imaging (fMRI) 

as a method of study. Functional MRI is especially well suited to examine neural processes by 
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detecting variation in blood-oxygenation in the brain, expressed in the blood-oxygen level 

dependent signal (BOLD). The BOLD signal reflects decreases in deoxygenated blood (i.e. 

hemoglobin) that result from an increase in oxygen usage in an active region. Since 

deoxygenated blood has different magnetic properties than oxygenated blood, fMRI can capture 

which regions in the brain are supplied with relatively more oxygenated blood (Attwell & 

Iadecola, 2002).  

  In short, the BOLD signal allows us to investigate which brain areas are relatively more 

‘active’ (i.e., higher levels of oxygenated blood) in one condition than in another. For instance, if 

one would want to find specific regions of the brain that respond to houses and faces, one can 

present participants with blocks of stimuli of houses and faces in a row and separately average 

the BOLD signals in the house blocks and the face blocks. By then subtracting the average BOLD 

signal in the house condition from the face condition, you can determine which areas of a 

particular brain react more strongly to faces. By averaging this difference score over a group of 

participants, you can filter out regions that are commonly active across participants for faces 

and houses, or determine whether activity in an overlapping region differs in intensity 

depending on the task condition. 

 In the paradigm that was employed in chapters 2, 3 and 4 of this thesis, rather than faces 

and houses, I presented participants with stimuli representing rewards that were gained for self 

and charity, allowing me to compare the BOLD signal in different regions in the brain during 

reward processing for self and others. Previous studies together have shown that the ventral 

striatum (VS), specifically the nucleus accumbens (NAcc, colloquially known as the ‘reward 

center’ of the brain) and the orbitofrontal cortex (OFC), amongst other functions, are associated 

with reward anticipation (Knutson & Greer, 2008) and reward processing for personal rewards 

(Berridge & Kringelbach, 2015; Moll et al., 2006; Montague & Berns, 2002). The VS is active for a 

myriad of rewards, from food rewards to social rewards to erotic rewards (Sescousse, Caldú, 

Segura, & Dreher, 2013).  

These findings provide an important perspective to examine reward reactivity in 

adolescence. Several studies demonstrated higher responses to rewards in adolescence 

compared to childhood and adulthood, which was interpreted as higher emotional reactivity 

(Braams, van Duijvenvoorde, Peper, & Crone, 2015; Silverman, Jedd, & Luciana, 2015). The 

concept of higher sensitivity in adolescence to rewards comes from meta-analyses and 

conceptual models suggesting that the subcortical and cortical brain regions follow different 

developmental trajectories (Goddings et al., 2014; Sussman, Leung, Chakravarty, Lerch, & 

Taylor, 2016; Tamnes et al., 2017). These models are generally known as ‘imbalance’ models 

(Shulman et al., 2016). See Figure 2 for an example of the ‘dual-systems’ model (Steinberg, 

2008). Even though there is a general consensus on the relative increase in sensation seeking 
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and hyperactivity of the socioemotional system within the different imbalance models, there are 

some differences in the hypothesized trajectory of cognitive control. That is, whereas some 

presume that the development of cognitive control follows an inverted U-shape (Casey, Getz, & 

Galvan, 2008; Steinberg, 2008), others hypothesize that the development of cognitive control 

approximates an asymptote at the end of mid-adolescence (Luciana & Collins, 2012; Luna & 

Wright, 2015).  

 

Figure 2. Dual systems model adapted from Steinberg., 2013. Hypothesized relative development of 

socioemotional systems (in yellow) and cognitive control systems (in dark green). 

 

 When considering the apparent paradox between risks and opportunities seen in 

adolescence, the development of reward sensitivity for personal rewards and rewards gained 

for others might play an important role. That is, while reward sensitivity has been linked to 

risky behavior in adolescence such as drinking and substance use, reward sensitivity in the 

context of vicarious reward might inform us about a possible motivator for prosocial behavior. 

Indeed, in line with imbalance models, some studies show a relative hyperactivity in the ventral 

striatum during reward processing for self (Galvan et al., 2006; Schreuders, Braams, Crone, & 

Güroğlu, 2021; Silverman et al., 2015). While this hyperactivity can be -and has been- linked to 

the above-mentioned risks (i.e. risk-taking behavior), studies have also associated it with 

prosocial behavior, such as giving to family (Telzer, Fuligni, Lieberman, & Galván, 2013). That is, 

development in both risky and more normative directions could be respectively related to the 

encounter of more risky or more prosocial stimuli.  
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1.5 Watching you gain = happy brain?  

To examine whether the brain regions involved in processing gains for self are also 

involved in processing gains for others, previous studies have used vicarious reward tasks. 

These tasks usually present multiple outcomes with differing rewards for the self, and a varying 

other party, like a family member, close friend, or another, unfamiliar entity, such as a stranger 

or a charity. Similar patterns of activation are observed in the ventral striatum both for self-

gains as well as for other-gains, both in adults (Genevsky, Västfjäll, Slovic, & Knutson, 2013; 

Harbaugh et al., 2007; Morelli, Knutson, & Zaki, 2018) as well as adolescents (Braams & Crone, 

2017).  

However, whereas activity in the ventral striatum seems to be consistent for self-gains, 

whether or not the ventral striatum is active for other-gains seems to be more dependent on 

differences in context, such as the perceived importance of the other (Braams, Güroǧlu, et al., 

2014; Telzer et al., 2013) and the degree to which participants are willing to give in an 

experimental context (Kuss et al., 2013).  

In the first part of this thesis (chapter 2 through 4), I go into several contextual factors 

that could affect whether or not gains for others are associated with vicarious reward, such as 

the identity and behavior of the target and the relationship to the target, as well as individual 

differences in perspective taking and empathic concern. With respect to vicarious reward 

specifically, developmental studies have found some evidence for a similar neural reward peak 

in adolescence for other-gains (Schreuders et al., 2021). Possibly, this indicates that the same 

neural reward system for gains for self, is also involved in vicarious reward when helping 

others. In three of the five studies included in this thesis, I examine vicarious reward for 

donating to charity. I consciously chose charity as a target as it presents a clearly defined distal, 

and unknown target that adolescents have no direct relationship to, in contrast to friends and 

family members, with whom participants have a reciprocal relationship. 

 

1.6 Helping who? 

 In the second part of the thesis (chapters 5 and 6), I delve deeper into the role of closer 

relationships in vicarious reward experiences. Specifically, I examined the neural correlates of 
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gaining rewards for ones’ children in mother-adolescent dyads, and studied helping behavior 

towards friends and unknown others in adolescence outside of the MRI scanner. 

Both in the chapters on vicarious reward experiences for charity as well as those on the 

role of close relationships in vicarious reward experiences, a central role was laid out for 

perspective taking. In the literature on social behavior, a network that is consistently involved 

in thinking about thoughts and perspectives of others is the social brain network, comprised of 

the media prefrontal cortex (mPFC), temporoparietal junction (TPJ) and superior temporal 

sulcus (STS) (Adolphs, 2009; Blakemore, 2008; Frith & Frith, 2003). Thus, in addition to the 

processing of rewards in the VS, examining activation in the medial PFC, TPJ and STS might 

further elucidate how differing vicarious reward processing for different beneficiaries might 

partly depend on perspective taking. Given the explorative nature of adolescence and the range 

of different social situations that adolescents increasingly find themselves in, expanding the 

knowledge base on the role of perspective taking in prosocial behavior towards different targets 

might have implications for understanding the various motives behind prosociality. 

 

1.7 The current thesis 

The main aim of the thesis was to investigate the neural signature of vicarious gaining, 

with a focus on vicarious rewards for charity and its development across adolescence. 

Secondary goals were to explore how activity during vicarious gaining was related to individual 

differences in perspective taking, empathic concern, and actual prosocial behavior. Finally, I 

explored the role of the nature of the relationship on vicarious reward activity and the role of 

friendship in prosocial behavior towards perpetrators and victims of social exclusion. To this 

end, I used a mix of fMRI, questionnaires, and behavioral tasks. 

 

1.7.1. fMRI Tasks and behavioral paradigms 

1.7.1.1. False-choice vicarious reward task (COSY, used in 

chapters 2-4) 

To investigate how vicarious rewards are processed in the brain, I and my co-workers 

designed a novel false-choice vicarious reward with the acronym COSY (short for Charity Or Self 

Yield). In the COSY, participants take simple repeated gambles by choosing to open one of two 

curtains. Opening a curtain either reveals a reward in euros for themselves and/or a self-chosen 

charity, or no rewards. Unbeknownst to participants, both curtains contain the same reward on 

any particular trial. The rewards actually change per trial in a predetermined order that was 

identical across all participants. I decided on this false-choice design over a true random 
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outcome to ensure that we would have enough trials for each outcome condition to compute 

condition contrasts.  

 Specifically, in each trial of the task, participants were presented with a blue curtain and 

a red curtain on the left and right sides of the screen. Participants responded with an index 

finger button press for the left curtain or with a middle finger button press for the right curtain. 

A cartoon hand appeared next to the chosen curtain. If a response was given, the cartoon hand 

pulled down the curtain in a fluid animation lasting revealing the reward for self and charity.  

  Outcomes in the task were distributed zero-sum between the participant and the self-

chosen charity, with two different stakes of 2 euro and 4 euro. The outcomes were either a 

division of 4 Euro stakes between parties, or a division of 2 Euro stakes between parties. Both 

stakes were either split evenly or given in full to one party. This resulted in the outcome 

conditions displayed in Table 1.  

 

Table 1. Outcome conditions in the COSY task 

Condition Self High Self Low Charity 

High 

Charity 

Low 

Both 

High 

Both 

Low 

Both No 

Gain 

Self € 4 € 2 € 0 € 0 € 2 € 1 € 0 

Charity € 0 € 0 € 4 € 2 € 2 € 1 € 0 

 

The COSY paradigm was employed to investigate the neural underpinnings (chapter 2), 

relations with individual differences (chapter 3) and developmental trajectories (chapter 4) of 

vicarious gaining respectively. 

 

1.7.1.2. Social Emotional Reactivity Task (SERT, used in chapter 

5) 

In Chapter 5 of the thesis I investigated vicarious reward processing for best friends 

and children in a sample of adult mothers. To operationalize this comparison in an fMRI task, 

we used an adaptation of the social emotional reactivity task (Braams & Crone, 2016; Braams, 

Güroǧlu, et al., 2014; Braams, Peters, Peper, Güroǧlu, & Crone, 2014; Braams et al., 2015), where 

participants could repeatedly gain money in a gambling task for themselves, their best friend, 

and their child. On every trial, participants predicted whether a coin flip made by the computer 

would result in heads or tails (with 50/50 odds). In case of correct prediction, participants won 

or lost the number of coins visible onscreen.  

1.7.1.3. Exclusion Cyberball (used in chapter 6) 
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Cyberball. In chapter 6, I conducted an experiment where adolescents participated in 

“Cyberball”. Cyberball (Williams, Cheung, & Choi, 2000) is a validated paradigm (Scheithauer, 

Alsaker, Wölfer, & Ruggieri, 2013) to simulate social exclusion where participants are excluded 

by two other pre-programmed players in a virtual ball-tossing game. Social exclusion in 

Cyberball has been shown to temporarily negatively affect psychological need fulfilment 

(Williams & Nida, 2011). 

Over time, researchers have made various adaptations to this classic paradigm, 

including the assignment of different roles to the computer players. In my study, participants 

first played a round of inclusion Cyberball, then observed three others play two rounds: first an 

inclusion round with three unknown peers, and then a round where the participant’s best friend 

(i.e. the friend excluder), together with another unknown peer (i.e. the unfamiliar excluder), 

excluded an unknown peer (i.e. the victim of social exclusion).  

In order to investigate prosocial behavior of the participant, participants had the ability 

to punish or help all players in economic games (Will & Güroğlu, 2016). For the scope of the 

current thesis with a focus on variation of prosocial behavior towards different targets that 

differ in familiarity, I was especially interested in the differentiation in helping behavior 

towards the best friend, victim and unfamiliar excluder. 

 

1.7.2. Outline of the thesis 

This thesis is organized in several chapters which together provide a complementary 

perspective on prosocial development in adolescence, the role of relations with peers, and 

vicarious gaining in family relationships. In Chapter 2, I investigated the neural correlates of 

vicarious gaining for charity in adults. Second, I examined to what extent neural activity during 

vicarious gaining for charity was related to individual differences in empathic concern and 

perspective taking. I used a combination of fMRI tasks and questionnaires to respectively obtain 

a neural proxy of vicarious gaining and to gauge individual differences in empathic concern and 

perspective taking. In Chapter 3, I built on the findings of chapter 2 by investigating a large 

sample of adolescents (ages 11-21). Here, I investigated how vicarious gains for charity were 

perceived across adolescence. I was specifically interested in whether I could find an adolescent 

peak in striatal activity for charity gains, replicating studies finding a peak in reward sensitivity 

for personal rewards in mid-adolescence. In Chapter 4, I was interested in the behavioral and 

neural development of prosociality. Specifically, I investigated developmental patterns of 

individual differences in empathic concern, perspective taking, perceived importance of charity, 

as well as donation behavior and neural activity in the Nucleus Accumbens during vicarious 

gaining for charity. To this end, I followed the sample of adolescents introduced in Chapter 3 
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longitudinally for two years, using the same fMRI paradigm and questionnaires. In Chapter 5, I 

examined vicarious gaining in family relationships, using fMRI and questionnaires in a sample 

of mothers who partook in a gambling task where they could earn extra money for themselves, 

their best friend, and their child. This is an interesting additional perspective on vicarious 

gaining in the thesis that contrasts vicarious gaining towards close others with and without a 

familial bond. In Chapter 6, I investigated how friendship affects prosocial behavior towards 

players involved in social exclusion in late childhood and adolescence. Specifically, I examined 

how participants (aged 9 – 16) behaved towards perpetrators and victims of social exclusion in 

Cyberball when one of the perpetrators was their best friend. This chapter offers insights into 

the importance of friendship in adolescence in affecting prosocial behavior towards peers. In 

Chapter 7, I summarize the main findings of this thesis and discuss its implications, limitations 

and I describe possible future directions. 
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CHAPTER 2 

Neural reward-related reactions to monetary 

gains for self and charity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is adapted from:  

Spaans, J.P., Peters, S., & Crone, E.A. (2019). Neural reward-related reactions to 

monetary gains for self and charity. Cognitive, Affective, & Behavioral 

Neuroscience, 19(4), 845-858. doi: https://doi.org/10.3758/s13415-018-00672-1 

https://doi.org/10.3758/s13415-018-00672-1
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Summary 

The aim of the current study was to examine the neural signatures of gaining money for 

self and charity. Young adults (N = 31, aged 21-24) underwent fMRI-scanning while they 

performed a task in which they could earn money for themselves and a self-chosen charity by 

selecting one of two options with unknown outcomes. Results showed elevated activity in the 

ventral striatum (VS) when gaining for self-only, and for self and charity, but not when gaining 

for charity-only. However, increased VS activity when gaining for charity-only was correlated 

with participants’ self-reported empathic concern and enjoyment when winning for charity. 

Empathic concern was also related to donating a larger proportion of earnings to charity after 

the MRI session. In short, these results reveal robust VS activity when gaining for self, but 

empathy-dependent individual differences in VS activity when gaining for charity.  

 

 

  



 20 

2.1. Introduction 

Prosocial behavior is an important social glue within society, leading for example to charity 

donations and helping behavior towards unknown others (Eisenberg, Fabes, & Spinrad, 2006). 

In addition to its benefits for others, prosocial behavior affects the donator as well. For instance, 

there is a strong relationship between prosocial behavior and happiness, universal across 

countries and cultures (Aknin et al., 2013) suggesting that acting prosocially feels good. Indeed, 

researchers who have examined the neural components of prosociality have theorized that this 

hedonistic aspect, ‘the warm glow of giving’, might be a possible motivator to perform prosocial 

behavior (Andreoni, 1990; Harbaugh, Mayr, & Burghart, 2007; Moll et al., 2006). In the current 

study, we aimed to test the processes related to this hedonistic aspect of prosociality.  

One way to gain more insight into the rewarding feeling of being prosocial is through 

studying responses when gaining rewards for others (often referred to as vicarious gaining), 

and through comparing these responses to those observed when gaining rewards for oneself. 

Gaining for oneself has consistently been associated with activity in the ventral striatum (Báez-

Mendoza & Schultz, 2013; Berridge & Kringelbach, 2015; Delgado, 2007; Montague & Berns, 

2002; Schultz, 2016; Sescousse, Caldú, Segura, & Dreher, 2013), but there is some controversy 

regarding this rewarding effect of vicarious gains. That is, several studies found that vicarious 

gaining was associated with activation in the ventral striatum (Mobbs et al., 2009; Telzer, 

Fuligni, Lieberman, & Galvan, 2013), such as when gaining rewards for friends (Braams, 

Güroǧlu, et al., 2014; Varnum, Shi, Chen, Qiu, & Han, 2014), close others (Inagaki et al., 2016) or 

charities (Harbaugh et al., 2007; Moll et al., 2006). However, this rewarding effect is not found in 

all studies (Morelli, Sacchet, & Zaki, 2015). That is, ventral striatal activity during vicarious 

gaining is likely dependent on individual differences in how important the other is to you 

(Braams, Peters, Peper, Güroǧlu, & Crone, 2014; Telzer et al., 2013), on willingness to give to 

others (Kuss et al., 2013), on relationship closeness (Fareri, Niznikiewicz, Lee, & Delgado, 2012) 

and on traits such as empathic concern (Andreoni, Rao, & Trachtman, 2017), although no prior 

study has tested this experimentally. One study on vicarious reward prediction has shown that 

trait empathy was correlated to anterior cingulate cortex activation when predicting vicarious 

rewards but not when predicting personal rewards, which supports the hypothesis that trait 

empathy could be related to aspects of vicarious reward processing (Lockwood, Apps, Roiser, & 

Viding, 2015). 

Besides the role that the VS might play in the valuation of personal and vicarious rewards, 

activity in the VS during personal and vicarious gains might play an integral role in social 

reward learning (Lockwood, Apps, Valton, Viding, & Roiser, 2016). For instance, Lockwood et al. 
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used a probabilistic learning task where participants could earn rewards for themselves and 

others, and showed that striatal activity during the task was related to the prediction errors for 

rewards, regardless of beneficiary. Thus, these findings suggest that the ventral striatum might 

serve a more general (e.g. irrespective of target) role in learning. 

In addition to the literature on the neural correlates of obtaining rewards for personal and 

vicarious rewards in a vacuum (e.g. in separate conditions), some studies have focused on 

shared rewards instead. For instance, it was previously found that individuals show stronger 

ventral striatum activity when both parties cooperate in the prisoner’s dilemma (Krill & Platek, 

2012; Rilling, Sanfey, Aronson, Nystrom, & Cohen, 2004), suggesting that shared outcomes are 

more rewarding than gaining at the expense of others (Güroglu, Bos, & Crone, 2014; Rilling et 

al., 2002). Higher ventral striatum activity has also been found when reciprocating trust of 

unknown others, but only when engaging in multiple interactions with the same individuals 

(Bellucci, Chernyak, Goodyear, Eickhoff, & Krueger, 2016), and for individuals who had more 

prosocial tendencies (Van den Bos, Van Dijk, Westenberg, Rombouts, & Crone, 2009). In 

addition, gaining for self at the expense of others’ outcomes was related to more activity in 

anterior medial prefrontal cortex and anterior cingulate cortex (Feng, Luo, & Krueger, 2015; 

Van den Bos et al., 2009). The medial prefrontal cortex has previously been associated with a 

myriad of cognitive processes, amongst which self-reflection (D’Argembeau, 2013; Feng et al., 

2015; Jenkins & Mitchell, 2011) formation of self-oriented motives (Van Overwalle, 2009), and 

memory and decision making (Euston, Gruber, & McNaughton, 2012). In social neuroscience, 

the anterior cingulate cortex has been related, amongst other processes, to social learning and 

empathy (Behrens, Hunt, Woolrich, & Rushworth, 2008; Lockwood, 2016; Lockwood et al., 

2016), which might explain why studies have found this region with gaining at the expense of 

others.  

When gaining shared rewards (e.g. rewards for both oneself and charity), we hypothesized 

that at least two processes would be important: the (anticipated) rewarding feeling of giving to 

others (probably related to ventral striatum activity) and evaluating the consequences for self 

(possibly related to mPFC activity). Prior studies on prosocial giving have not yet distinguished 

between these two processes when examining giving to charity.  

Thus, overall there is some inconsistency in the literature regarding the role of the ventral 

striatum in vicarious gaining. Although rewards for self consistently engage regions in the 

ventral striatum (Báez-Mendoza & Schultz, 2013; Berridge & Kringelbach, 2015; Delgado, 2007; 

Montague & Berns, 2002; Schultz, 2016; Sescousse et al., 2013), studies that examined vicarious 

rewards show less consistent results. Thus, it is important to investigate more thoroughly the 

underlying processes that might determine whether or not vicarious gaining, an important 
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component of prosocial giving (Morelli, Sacchet, & Zaki, 2015; Telzer, 2016), is associated with 

ventral striatum activity. To address this issue in the current study, we aimed to further unravel 

which processes are important for ventral striatum activation in vicarious gaining. Therefore, 

we used a new fMRI paradigm where we could keep interpersonal factors that influence 

vicarious gaining relatively stable. That is, we focused on vicarious gaining for a charity, which 

is a relatively stable distal ‘other’. Participants chose a charity from a list of ten big charities (see 

Kuss et al., 2013 for a similar approach) and subsequently performed a task in the MRI scanner 

where they could earn extra participant money for themselves and the chosen charity by 

making a random two-option decision on each trial. The different conditions for these outcomes 

were presented in a format such that several combinations of gains were possible: gains just for 

self, gains just for charity, shared gains for both charity and self, and no gains for either party. 

The size of the outcomes was varied both to keep participants engaged in the task and to 

distinguish between absolute and relative amount of gain (Tabibnia, Satpute, & Lieberman, 

2008). In this way, vicarious gains for charity could be contrasted with gaining for only self and 

gaining for both parties, the latter of which had not been studied before. We focused on the role 

of the ventral striatum and the mPFC based on prior studies that have suggested that both have 

an important role in prosocial behavior and self-related motivations (Bellucci et al., 2017; Feng 

et al., 2015). Since the exact contributions of these regions are not well understood in the 

context of prosociality, we examined the relation between neural responses to vicarious gains 

for charity, self-reported enjoyment of gaining for charity, and subsequent donating behavior to 

charity (Kuss et al., 2013). In addition, we examined the role of individual differences in 

empathic concern and in self-reported-enjoyment for charity gains to investigate whether the 

magnitude of activation in ventral striatum activity is dependent on individual differences in 

these domains. 

We expected ventral striatum activation to be higher when gaining for self compared to no 

gain, consistent with prior studies showing a role of the ventral striatum in reward processing 

(Haber & Knutson, 2010; Morelli et al., 2015; Schultz, 2016). Combined with research that 

suggests that prosocial behavior may feel rewarding (Dunn, Aknin, & Norton, 2014; Telzer, 

2016), we expected gain situations where both self and charity benefited to result in more 

ventral striatum activation than situations where only self gained (Krill & Platek, 2012), and 

that charity gains would result in higher activity in the ventral striatum than no gain (Kuss et al., 

2013). In addition to expectations about the effects of different outcomes, we hypothesized that 

individual differences in empathic concern, which have been shown to relate to ventral striatum 

activity (Morelli, Rameson, & Lieberman, 2014), and differences in perceived importance of the 

charity, which have been shown to affect the pleasure of giving (Aknin et al., 2013), would both 

be related to variations in neural reactions to gaining for charity. Finally, we predicted that 
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participants who showed higher vicarious responses in the ventral striatum when gaining for 

charity would also donate more to charity (Kuss et al., 2013). 

2.2. Methods 

Participants and procedure 

Thirty-one participants between the ages of 21 and 24 participated in this study (15 

females, M = 22.54 years, SD = 1.19). Participants were recruited from a participant database. 

The ethical commission board of the Leiden University Medical Center (LUMC) approved the 

study and its procedures. Written informed consent was obtained from all participants. All 

participants were right-handed and had normal or corrected-to-normal vision. Participants 

were screened with questionnaires on three separate occasions (once by phone-call, once by e-

mail and once on the testing-day) for MRI contra-indications and for (history of) neurological 

and/or psychiatric disorders. All anatomical MRI scans were reviewed by a radiologist. No 

anomalous findings were reported 

Materials 

COSY fMRI-Task.  

To investigate responses to vicarious gains for charity, we developed a new fMRI-task 

called the COSY (Charity Or Self Yield). In the COSY task, participants could earn money for 

themselves and for a previously self-chosen charity by deciding which out of two curtains to 

open on every trial. After participants pressed a button, an onscreen hand indicated what option 

they had selected. Next, the chosen curtain opened in a fluid animation (fourteen frames 

presented for 50 ms each), with the outcomes fully visible from the seventh frame onwards. The 

outcomes were a division of 4 Euros between parties, or a division of 2 Euros between parties. 

In case of a division of 4 Euros (high stake), this could result in the following outcomes: SelfHigh 

[€ 4 self, € 0 charity]; CharityHigh [€ 0 self, € 4 charity], or BothHigh [both € 2]. In case of a 

division of 2 Euros (low stake), this could result in the following outcomes: SelfLow [€ 2 self, € 0 

charity]; CharityLow [€ 0 self, € 2 charity: CharityLow]; or BothLow [both € 1]. In both 

conditions, these outcomes were contrasted against a zero gain baseline BothNoGain [both € 

0:]. The two stakes were used to both keep participants engaged in the task, and to control for 

magnitude when examining the effects of mutual gain (Tabibnia, Satpute, & Lieberman, 2008). A 

black jitter screen (0-8800 ms) was presented after the outcome presentation, marking the end 

of a trial (see Figure 1 for a graphical representation of the trial flow and the outcome 

conditions). 
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Figure 1. This figure shows the basic trial flow of the COSY task. Each trial started with a black screen with a 

jittered duration between 0 and 8800 ms. Subsequently, a fixation cross was shown for 500 ms, followed by 

the response selection screen for 2000 ms. After a response was made, a hand was shown onscreen for the 

remainder of the 2000 ms. If a response was made, the next 14 screens showed a fluid animation of the hand 

pulling the curtain open, revealing the outcome (shown here = self €2, charity €2). The feedback remained 

onscreen for 2300 ms. In case participants failed to respond within the timeframe of the response selection, a 

screen with the phrase ‘Too Late!’ was shown for 3000 ms instead. Possible outcomes are displayed in the 

table below the trial flow. 

Before participants played the COSY task in the scanner, they were given instructions for 

the fMRI task on a laptop. They were instructed which buttons to press during the fMRI task, 

and played five randomly selected mock-trials to get some experience with the short (2000 ms) 

timeframe in which to make a response. Participants were not given any information about 

whether or not there were differences between the curtains nor about the outcome distribution. 

Unknown to the participant, every outcome condition occurred 15 times during the task. This 

resulted in a total of 105 trials. The outcomes in the task were presented randomly to the 

participant, though the order of trials was optimized for our design using the program Optseq2 

(Dale, 1999). The task consisted of two blocks of 50 and 55 trials respectively. Each block lasted 

approximately six minutes. At the end of the research day, participants received extra money 
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based on the average of three random outcomes (ranging from € 1 to € 3 for both self and 

charity) and were informed of this beforehand.  

Questionnaires.  

COSY manipulation checks. After the fMRI session, participants answered several 

questions about the COSY-task. First, to obtain a subjective measure of the enjoyment when 

gaining for charity, we asked how different outcome conditions felt, answering on a scale where 

1 = ‘did not feel good at all’ and 7 = ‘felt very good’. Second, we asked whether participants 

thought they could influence the outcome and why they thought this was or was not the case. 

Finally, we asked participants how important they rated the charity, how well they knew what 

the charity stood for and whether or not they normally donated to this charity in daily life. All 

questions were answered on seven point Likert scales. 

Empathy & Perspective taking. To investigate individual differences in empathy and 

perspective taking, we used the empathy and perspective taking subscales of the Interpersonal 

Reactivity Index (IRI) questionnaire (Davis, 1980; Hawk et al., 2013). Both subscales were 

reliable, with Chronbach’s alpha values of respectively .72 and .79.  

 Behavioral Donating Task. In the exit interview after the fMRI session, participants 

played a one-shot Dictator Game for themselves and charity. Specifically, participants were 

given the choice to distribute 600 valuable coins (that were worth extra participant money) 

between themselves and the charity of their choice by selecting one of seven possible divisions 

on a scale (1 = 600 for self, 0 for charity; 2 = 500 for self, 100 for charity; 3 = 400 for self, 200 for 

charity; 4 = 300 for self, 300 for charity; 5 = 200 for self; 400 for charity; 6 = 100 for self; 500 for 

charity; 7 = 0 for self; 600 for charity). In order to prevent socially desirable behavior, it was 

stressed that their distribution would remain completely anonymous. To ensure full anonymity, 

neither the participant nor the experimenter could see the outcomes of the donation task on the 

research day.  

MRI data acquisition.  

MRI data was acquired using a Philips 3.0 Tesla scanner with a standard whole-head coil 

attached. For functional MRI scans, we used T2*- weighted Echo-Planar Imaging (TR = 2.2 s, TE 

= 30 ms, FOV: 220 mm, 80 x 80 matrix, 2.75 mm in-plane resolution). Functional scans consisted 

of 2 runs with 175 and 169 volumes respectively. Participants were able to see the screen 

through a mirror that was attached to the head coil. The functional task lasted for about 13 

minutes in total. In addition to fMRI sequences, we collected structural images for anatomical 

reference (high resolution 3D T1), TR = 9.751 ms, TE = 4.59 ms, FOV = 224 x 168 x 177 mm. 
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Participants’ head movements were restricted by using foam triangles to limit available space in 

the coil. 

MRI data analyses. 

Preprocessing. We used the software package SPM8 (Wellcome Trust Centre for 

Neuroimaging, London) to preprocess and analyze all MRI-data. For preprocessing, we first 

corrected all MRI-images for motion and slice timing acquisition and consequently spatially 

normalized the functional scans to T1 templates. Then, all volumes were resampled to voxels of 

3x3x3 millimeters. We based our templates on the MNI305 stereotaxic space (Cocosco, 

Kollokian, Kwan & Evans, 1997). Finally, we used an isotropic Gaussian Kernel (6 mm FWHM) 

to spatially smooth the data. 

fMRI-Analysis. To calculate the relevant contrasts, we modeled the fMRI time series 

convolved with the hemodynamic response function with events that corresponded to both the 

decision and outcome phases of a trial. For the outcome phase specifically, the events of interest 

that we modelled were the outcome conditions ‘SelfHigh’, ‘SelfLow’, ‘CharityHigh’, ‘CharityLow’, 

‘BothHigh’, ‘BothLow’ and ‘BothNoGain’. These events were time-locked with zero-duration to 

the exact moment that participants were able to see the outcome; the seventh frame of the 

curtain-opening animation. Trials with no response from the participants were coded as 

‘Missing’ and modeled separately as invalid trials, and were not included in further contrasts. 

For the seven outcome conditions mentioned above, we also modelled the respective decision 

phases, with variable durations corresponding to participants’ reaction times. All modeled 

events were added as regressors in a general linear model, along with motion regressors and a 

basic set of cosine functions that high-pass filtered the data and a covariate for session effects. 

The least squares parameter estimates of height of the best-fitting canonical HRF for each 

condition were used in pairwise contrasts. The resulting contrast images, computed on a 

subject-by-subject basis, were submitted to random-effects group analyses. To test the 

hypotheses of this study, we tested three contrasts using second-level whole brain group 

comparisons: self-gain versus both-gain, self-gain versus charity-gain, and both-gain versus 

charity-gain. No specific contrasts were made for magnitude of gain.  

fMRI Region-of-Interest Analysis. To further investigate neural effects of vicarious 

gaining for charity in relation to magnitude of gain, we performed region-of-interest (ROI) 

analyses using the Marsbar toolbox (Brett, Anton, Valabregue & Poline, 2002). We performed 

our analyses on a predefined anatomical ROI (Braams, van Duijvenvoorde, Peper, & Crone, 

2015) of the left and right nucleus accumbens (nAcc), a part of the ventral striatum, that was 

extracted from the Harvard-Oxford subcortical atlas and thresholded at 40%. The mask consists 
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of 28 voxels for the left nAcc (coordinates left: x = -9.57, y = 11.70, z = -7.10) and of 26 voxels for 

the right nAcc (coordinates right: x = 9.45, y = 12.60, z = -6.69). We extracted parameter 

estimates for the ROI analyses. Given that none of the results showed differences between 

hemispheres, all the analyses were performed by collapsing across the left and right 

hemisphere. 

2.3. Results 

Behavioral results 

 COSY manipulation checks. Participants rated on a scale from 1 to 7 how much 

they enjoyed winning different magnitudes of money (€ 1, € 2 & € 4) for themselves and 

charity. A 3 (magnitude) x 2 (beneficiary: self or charity) ANOVA resulted in a main effect of 

magnitude (F(2, 60) = 37.77, p < .001, ηp
2 = .62). Follow-up analyses confirmed that €4 

magnitudes were rated as more enjoyable than € 2 magnitudes (F(1,30) = 23.03, p < .001, g = 

.65) and € 2 magnitudes were rated higher than € 1 magnitudes (F(1,30) = 34.01, p < .001, g = 

.61). There was no main effect or interaction with charity, suggesting that winning for self (€1: 

M = 4.71, €2: M = 5.42 and €4: M = 6.13) and winning for charity (€1: M = 5.26, €2: M = 5.68 and 

€4: M = 6.00) were rated as equally pleasurable. As can be seen in Table 1, self-reported 

enjoyment when winning for self and self-reported enjoyment when winning for charity were 

not correlated.  

 Table 1. Correlations between IRI, COSY outcome enjoyment ratings for self, charity, and both, 

Importance, Knowledge, Daily Life donating, and Donation Behavior 

 IRI_PT Self 

gain 

 

Char. 

gain 

 

Both 

gain 

Importance Knowledge Daily life 

donating 

Donation 

behavior 

IRI_EC .47** -.13 .44* -.27 .38* .47** .24 .54** 

IRI_PT  -.18 .07 -.15 -.05 .38* .34 .13 

Self gain   .22 -.23 -.06 .18 .03 -.41* 

Char. gain    -.18 .42* .33 .43* .30 

Both gain     -.10 -.23 -.20 -.14 

Importance      .09 .21 .61** 
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Knowledge       .35 -.05 

Daily life- 

donating 
       

.08 

 *. p < 0.05, two-tailed. **. p < 0.01, two-tailed. 

  

 

All possible charities were chosen at least once by the participants. The perceived 

importance of chosen charities was relatively high for all participants (M = 5.58, SD = .91). 

Knowledge of the charity was more variable (M = 4.56, SD = 1.30). There were no correlations 

between perceived importance of the charity and knowledge about activities of the charity (all p 

> .12).  

Participants were asked whether they thought they could influence the outcome of the 

task (multiple choice: no/sometimes/yes). One of the participants answered ‘yes’ to this 

question. Twenty-two answered ‘no’, and eight answered ‘sometimes’. We reanalyzed the data 

excluding the nine participants who provided the yes- and sometimes-answers, but this did not 

change the results. Therefore, we reported the data from all participants. 

Finally, to explore the impact of the various included individual difference measures on 

enjoyment for self-gains, charity-gains and both-gains, we conducted regression analyses with 

enjoyment for the three beneficiaries (self-enjoyment, charity-enjoyment, & both-enjoyment) as 

respective dependent variables, and empathic concern, perspective taking, importance of 

charity, knowledge of charity, daily life donating, and donation behavior as independent 

variables in separate analyses. First, for the regression analyses, none of the independent 

variables were significant predictors for self-enjoyment (all ps > .34). Second, for the regression 

analysis on charity-enjoyment, empathic concern (β = .43, p = .014), importance of the charity (β 

= .42, p = .017) and daily life donating (β = .43, p = .015) were significant positive predictors of 

charity enjoyment. Perspective taking and knowledge about the charity were not significant 

(both p > .06). Third, with respect to the regression for both-enjoyment, none of the individual 

predictors were significant (all p > .12) (see also Table 1). 

 Behavioral donating task. Participants donated on average 280 of the 600 coins 

to charity (SD = 164.8) in the one-shot donation Dictator Game. Donating behavior was 

normally distributed, with skewness of .36 (SE = .42) and kurtosis of .19 (SE = .82). Donating 

behavior was positively correlated to the IRI-EC subscale (r(31) = .54, p < .001), negatively 
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correlated to how much participants enjoyed gaining for self (r(31) = -.41, p = .021), and 

positively correlated to the self-reported ratings of subjective importance of the charity (r(31) = 

.61, p < .001). No significant correlations were found with self-reported daily life donation 

behavior. 

To explore the impact of the individual difference measures on donation behavior, we 

conducted a regression analysis with donation behavior as dependent variable and empathic 

concern, perspective taking, importance of charity, knowledge of charity, daily life donating, and 

donation behavior as independent variables. Of the independent variables, empathic concern, 

importance of the charity, and daily life donating were significant positive predictors. That is, 

the higher were empathic concern (β = .54, p = .002), charity importance (β = .61, p > .001), and 

daily life donating (β = .43, p = .015), the more participants donated to charity in the one-shot 

donation Dictator Game. In addition, self-enjoyment negatively predicted donation behavior, 

with higher self-enjoyment (β = -.41, p = .021), being related to less donations (see also Table 1). 

 Empathy and perspective taking. Scores on the IRI-empathic-concern (IRI-EC) 

subscale ranged from 1.67 to 4.33, with M = 3.23 (SD = .63) and were approximately normally 

distributed with skewness and kurtosis values between -2 and 2 (Field, 2009; Gravetter & 

Wallnau, 2014); skewness = -.33 (SE = .42) and kurtosis of .22 (SE = .82). Scores on the 

perspective taking subscale (IRI-PT) ranged from 2.33 to 5, with M = 3.85 (SD = .63), skewness 

of -.12 (SE = .42), kurtosis of -0.06 (SE = .82).  

Neural activity 

The results of the fMRI analyses are presented in two sections. First, we computed 

whole-brain contrasts for the three conditions by collapsing across magnitudes, and second, we 

tested effects of condition and magnitude using ROI analyses of the nAcc (a region in the ventral 

striatum). 

Whole brain analyses. Since we expected that gaining for self would lead to more 

activation than vicarious gaining for charity, we first tested the contrast Self-gain > Charity-gain 

and the reversed contrast at whole brain level. Self-gain > Charity-gain resulted in bilateral 

activation in the ventral striatum (see Figure 2 and Table 2). The reversed contrast (Charity-

gain > Self-gain) did not result in significant activation.  
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Figure 2. A) Whole brain results for the contrast Self-gain > Charity-gain and the regions-of interest based 

on this contrast. B) Whole brain results for the contrast Both-gain > Charity-gain and the regions-of interest 

based on this contrast. C) Whole brain results for the contrast Self-gain > Both-gain. All contrasts were FWE-

corrected at p = .05. 

 To investigate the unique contribution of gains for self, compared to gains for both self 

and charity, we tested the contrast Self-gain > Both-gain and the reversed contrast Self-gain > 

Both-gain. This resulted in increased activation in a set of brain regions including regions in the 

supplementary motor cortex (SMA), medial prefrontal cortex (right/medial frontal superior 

gyrus) extending into the anterior cingulate cortex (cingulum), and bilateral insula (see Figure 

2; Table 2 for a full list of activations). The reversed contrast only resulted in one cluster of 

activation in the posterior parietal cortex (see Table 2).  

In the final contrast, to explore the unique contribution of charity gains compared to 

gains for both charity and self, we tested Charity-gain > Both-gain and the reversed contrast. 

The contrast Charity-gain > Both-gain did not result in any activation clusters. The reversed 

contrast again resulted in bilateral activation in the ventral striatum (see Table 2). 
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Table 2 Coordinates for contrasts self-gain versus both-gain, self-gain versus charity-gain, and 

both-gain versus charity-gain, FDR cluster corrected (initial threshold p <.001). The Automated 

Anatomical Labeling (AAL) atlas was used for labeling.  

Contrast Region T K x y z 

Self-gain >  Right nucleus accumbens 5.52 144 12 5 -11 

Charity-gain Right putamen 4.73  18 20 -8 

 Right caudate 4.50  9 11 -11 

 Right insula 4.37  27 26 -5 

 Right insula 4.29  42 20 -8 

 Right caudate 3.74  9 17 -11 

 Left nucleus accumbens 5.27 166 -12 11 -11 

 Right thalamus 5.01  3 -4 4 

 Left caudate 4.78  -9 11 -2 

 Right thalamus 4.77  3 -10 7 

 Left caudate 4.23  -5 14 -4 

Self-gain >  Supplementary motor area 5.02 96 9 14 61 

Both-gain Right frontal superior gyrus 3.89  12 5 73 

 Right frontal superior gyrus 3.47  18 2 57 

 Left middle cingulum 4.89 105 -9 29 34 

 Right middle cingulum 4.77  12 29 34 

 Right middle cingulum 4.28  15 23 31 

 Left frontal superior gyrus 4.02  -24 41 37 

 Left frontal middle gyrus 3.93  -27 47 37 

 Left frontal superior gyrus 3.88  -21 38 34 

 Left insula 4.60 71 -30 23 -2 

 Left frontal inferior orbitofrontal 
gyrus 

4.23  -39 23 -5 

 Left frontal inferior triangularis  3.55  -48 17 1 

 Right insula 4.47 33 33 23 -17 

 Frontal superior medial gyrus 4.35 66 -6 50 25 

 Right frontal superior medial 
gyrus 

3.97  3 53 22 

 Left frontal superior medial gyrus 3.91  -15 41 22 



 32 

 Right frontal superior medial 
gyrus 

3.50  9 56 3
4 

Both-gain >  Right middle temporal gyrus 4.2 90 42 -52 -2 

Self-gain Right inferior temporal gyrus 4.71  45 -46 -11 

 Right inferior temporal gyrus 4.51  54 -55 -5 

Both-gain >  Right calcarine gyrus 6.54 276 12 -91 7 

Charity-gain Right primary visual area 6.29  15 -76 7 

 Right lingual gyrus  5.03  24 -57 4 

 Right precuneus 4.33  12 -52 13 

 Cerebellar vermis 4.11  5 -57 -5 

 Right lingual gyrus 3.52  9 -51 7 

 Right thalamus  5.43 247 3 -10 4 

 Right caudate 5.10  9 17 -8 

 Right olfactory gyrus 5.03  6 20 -11 

 Right caudate 5.03  12 11 -11 

 Right caudate 4.63  12 17 -2 

 Right gyrus rectus 4.38  12 23 -14 

 Left olfactory gyrus 4.33  -3 23 -5 

 Left caudate 4.12  -9 14 -11 

 Left olfactory gyrus 3.91  -3 17 -8 

 Left temporal superior gyrus 5.07 115 -45 -10 -2 

 Left temporal superior gyrus 5.06  -48 -4 -8 

 Left insula 4.68  -39 -13 -5 

 Left precentral gyrus 4.31  -51 -1 22 

 Left temporal superior gyrus 4.21  -57 -7 7 

 Left temporal superior gyrus 4.16  -54 -7 -2 

 Left postcentral gyrus 4.08  -57 -10 16 

 Left rolandic operculum 3.95  -48 2 16 

 Left temporal superior gyrus 3.92  -63 -7 4 

 Left precentral gyrus 3.77  -42 2 22 

 Left frontal inferior operculum 3.56  -51 8 13 

 Right temporal superior gyrus 4.91 55 63 -16 13 

 Right temporal superior gyrus 4.54  55 -19 7 
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 Left occipital superior gyrus 4.91 73 -12 -94 7 

 Left occitipal middle gyrus 3.79  -30 -82 4 

 Left temporal middle gyrus 4.73 69 -45 -58 1 

 Left occitipal middle gyrus 4.55  -42 -64 4 

 Left temporal middle gyrus 4.05  -48 -52 -2 

 Left lingual gyrus 3.73  -21 -73 4 

 Left calcarine gyrus 4.48 46 -6 -73 16 

 Left precuneus 3.72  -12 -58 16 

 

 ROI analyses. Next, we performed ROI-analyses to examine our a priori hypotheses 

concerning the ventral striatum in more detail. In case the assumption of sphericity was 

violated, we report Greenhouse-Geisser corrections.  

In order to disentangle the effects of Beneficiary and Outcome size, we conducted a 

repeated measures ANOVA with Beneficiary (three levels: self, charity, both) and Outcome size 

(two levels: high and low) as within-subject factors. All parameter estimates in the repeated 

measures ANOVA were based on the different condition estimates minus the parameter 

estimate for the baseline condition (BothNoGain) (results are shown in Figure 3). 
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Figure 3. Whole brain activity in the ROI of the bilateral nAcc in the ventral striatum. Different bars reflect 

condition estimates minus the parameter estimate for the baseline condition. Error bars display 95% CI of 

the standard error of the mean. Asterisks reflect significance at p < .05. 

 Results yielded a main effect of Beneficiary (F(1.58, 47.53) = 8.15, p < .001, ηp
2 = .21). 

The main effect of Outcome size and the interaction between Beneficiary and Outcome size 

were not significant (F(1,30) = 2.44, p = .13, ηp
2 = .07 and F(1.87, 56.21) = .91, p = .41, ηp

2 = .029). 

Post-hoc pairwise comparisons showed that the main effect of Beneficiary was driven by 

significant differences between self-gain and both-gain versus charity-gain. More specifically, 

higher activity in the ventral striatum was found for self-gain (M = .73) than for charity-gain (M 

= -.22, p = .007), and for both-gain (M = .54) than for charity-gain (M = -.22, p < .001). The 

differences between self-gain and both-gain were not significant.  

Relations between ventral striatum activation and individual 

differences  

Enjoyment ratings. 

 Next, we investigated whether ventral striatum activation for self gain, charity-gain and 

both-gain were related to individual differences in enjoyment ratings.  
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 We correlated winning for charity (CharityHigh) relative to baseline (BothNoGain) with 

self-reported enjoyment of winning for charity. Higher enjoyment ratings for charity-gains 

(averaged across €1, €2, and €4) were significantly correlated with higher ventral striatum 

activation for charity-gain; (r(31) = .377, p = .037). These results are shown in Figure 4.  

 

Figure 4. The x-axis shows the average of self-reported enjoyment for charity gaining € 1, € 2, and € 4. The 

y-axis shows neural activation in the ventral striatum, including the nucleus accumbens in the CharityHigh > 

BothNoGain contrast. 

We found a similar pattern when examining enjoyment ratings when winning for self 

(averaged across €1, €2, and €4). Here, higher enjoyment ratings for self-gains were 

significantly correlated with higher ventral striatum activation for self-gain (r(31) = .45, p = 

.01.)  

Interestingly, activation when gaining for both self and charity relative to baseline 

(BothHigh – BothNoGain) was positively correlated to enjoyment ratings of gaining for self 

(r(31) = .36, p = 0.046), but was not significantly correlated to enjoyment ratings of gaining for 

charity (p = .987). 

Finally, to test whether correlations between empathic-concern and enjoyment were 

higher for self than correlations between empathic concern and enjoyment for charity, we used 

the the R ‘cocor’ package (Diedenhofen & Musch, 2015). There were no significant differences 

between correlations (all p > .67). 
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Empathic concern & Perspective taking. Next, we tested whether ventral 

striatum activation for self-gain and for charity-gain (both relative to baseline BothNoGain) 

were correlated with individual differences in empathic concern and perspective taking. There 

was a significant correlation between empathic concern and charity-gain (r(31) = .44, p = .014) 

but not for self-gain (p > .4). See Figure 5 for a graphical representation of the relation between 

empathic concern and charity-gain. We found no significant correlations between perspective 

taking and ventral striatum activation (all p > .4).  
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Figure 5. The x-axis shows scores on the IRI Empathic Concern subscale. The y-axis shows neural activation 

in the bilateral NAcc (a region in the ventral striatum) in the CharityHigh > BothNoGain contrast.  

Donating behavior & Importance ratings. To investigate whether actual 

donating behavior was related to ventral striatum activation for self- and charity-gains, we 

computed correlations between neural activity in the NAcc ROI for self-gain and charity-gain 

and donating behavior. None of these correlations were significant (both p > .5). Next, we 

computed correlations between charity-gain conditions (CharityHigh and CharityLow) and the 

self-reported ratings of subjective importance of the charity. These correlation were not 

significant (both p > .2) 

2.4. Discussion 

The goal of this study was to test neural responses in the ventral striatum during the processing 

of vicarious rewards for charity, when pitted against self-gain and mutual gain. Consistent with 

prior research (Braams et al., 2014; Harbaugh et al., 2007), there was robust activity in the 

ventral striatum for self-gains, independent of whether gains were obtained for self only, or for 

both self and charity. However, no striatum activity was observed for vicarious gains for charity. 

Interestingly, neural responses to gains for charity were dependent on individual differences in 

self-reported enjoyment of gaining for charity and empathic concern.  

Gaining and the striatum 

 Studies have consistently observed that the ventral striatum is engaged when gaining 

for self (Berridge & Kringelbach, 2015; Braams, Peters, et al., 2014; Delgado, 2007; Montague & 

Berns, 2002; Morelli et al., 2015; Schultz, 2016; Sescousse et al., 2013). In this study, striatum 

activity for self-gains was correlated with self-reported enjoyment of these gains, providing 
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further evidence that striatum activity may reflect the subjective pleasure of receiving a reward 

(Báez-Mendoza & Schultz, 2013). We hypothesized that this subjective feeling of pleasure may 

be larger when gaining for two parties (charity and self) compared to only for self, but we did 

not find evidence for this hypothesis in the current study. That is, the ventral striatum was most 

strongly activated when gaining for self-only, compared to when gaining for charity-only or 

when gaining for both charity and self. Although ventral striatum activation was observed in the 

both-gain condition, this activation was possibly related to the reward gained for self rather 

than to the mutual beneficial outcome, which is supported by the significant correlations with 

self-reported enjoyment of self-gain but not charity-gain. Possibly, the rewarding effects related 

to a mutual beneficial outcome are only observed in active tasks where participants work 

towards a goal together, such as in a prisoners dilemma type tasks (Krill & Platek, 2012; Rilling 

et al., 2004; Sun et al., 2016). Future studies should examine in more detail the effect of relative 

gain for self and other and specifically investigate under what circumstances mutual beneficial 

outcomes are experienced as more rewarding than outcomes only beneficial for self.  

The finding that there is less ventral striatum activation in charity-gain compared to 

both-gain and self-gain was contrary to our expectations. An earlier study examining vicarious 

gains for charity (Harbaugh et al., 2007) found evidence for a ‘warm glow’ effect, although this 

discrepancy could have been due to the smaller gains for charity in the current study (max 4 

euros, compared to max ~38 euros in Harbaugh et al. 2007). However, several studies on 

vicarious reward processing using amounts of money comparable to our paradigm found that 

participants showed similar activity in the ventral striatum when gaining for friends (Braams, 

Güroǧlu, et al., 2014) and mothers (Braams & Crone, 2016) compared to self, and when gaining 

for in-group compared to out-group members (Hackel, Zaki, & Van Bavel, 2017). Possibly, this 

vicarious reward response varies as a function of the strength of personal connections to the 

targets, which would explain why striatum activity is consistently observed for close others 

such as friends or family members, but not for more distant others such as charities, regardless 

of the possible need of the other party. This could be one possible explanation why it can be 

difficult to engage people in society to perform prosocial behaviors such as giving to charity, 

and should be more thoroughly investigated in future research.  

  Interestingly, even though self-gains led to more striatum activity than charity-gains 

(compared to baseline), participants rated winning for self and charity to be equally enjoyable. 

Perhaps these self-reported estimates of enjoyment obtained through questionnaires might 

have been influenced by social desirability, explaining the disjunction between neural measures 

of reward and the self-report of reward.  



 39 

 Although there was no general striatum effect of gaining for charity, there were 

important individual differences. First, individuals who reported enjoying gaining for charity 

more also showed more ventral striatum activity for charity-gains. Similarly, individuals with 

higher self-reported empathic concern also showed more ventral striatum activity for charity-

gains, and donated more to charity afterwards. Both results are consistent with studies showing 

that the rewarding feeling of giving to close others can be dependent on individual differences, 

such as the perceived importance of the other and relationship strength (Braams et al., 2014; 

Inagaki et al., 2016; Kuss et al., 2013; Telzer et al., 2013). Our results extend on these findings by 

showing that individual differences in empathic concern can also predict the rewarding feeling 

of giving to distant others, such as charities. However, we examined reward processing after 

vicarious gains in a very specific setting, that is, in a paradigm without control over outcomes 

and where the gains for charity were not costly for the participants. Therefore it should be 

noted that future research is needed to unravel whether our results are generalizable to 

situations where participants have more or full control over the outcome, or to situations where 

participants have to give up resources to benefit the charity. On the other hand, the significant 

relations between donating behavior and empathy, and between neural activation in the ventral 

striatum and empathy, suggest that the underlying processes both in vicarious gaining and in 

real life donating behavior might be similar, although more research is necessary to investigate 

this. 

Gaining and the medial prefrontal cortex, anterior cingulate 

cortex, and insula 

Besides activity in the ventral striatum, we also observed activity patterns that were 

larger for self-gain than for both-gain. That is, regions in the medial prefrontal cortex (medial 

frontal gyrus) extending into the anterior cingulate cortex (cingulum), and the bilateral insula 

were active when gaining more for self, relative to gaining for both self and charity. The medial 

prefrontal cortex (PFC) is a heterogeneous region involved in many functions. For instance, 

prior studies have suggested that the medial PFC is important for a range of cognitive processes, 

such as memory and decision making (Euston et al., 2012), integrating social information (Van 

Overwalle, 2009), self-orientation, self-reflection (Feng et al., 2015; Jenkins & Mitchell, 2011; 

Zaki & Mitchell, 2011), and fairness considerations regarding the self (Civai, Miniussi, & Rumiati, 

2014). In the current study, it could be the case that medial PFC activation reflects self-

relevance, since one of the prime differences between the self-gain and both-gain conditions 

was that the self-condition was more self-relevant (in which the participant gained money and 

nothing happened for charity) than the both-condition (in which both parties gained money). 

However, the peak activation was more posterior in our study than in these studies. It should 
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also be noted that medial PFC and the bilateral insula were not significantly more active for self-

gain compared to charity gain, making it unlikely that self-oriented processes are the only 

explanation for medial PFC and insula activity.  

In addition, we considered fairness considerations as a possible process that might 

underlie differences in medial PFC and insula activation between the self- and both-gain 

conditions. Since stakes are divided equally in the both-conditions, and unequally in self-

conditions, this inequality might trigger fairness considerations. Furthermore, it is possible that 

activation in the medial PFC and the insula together might reflect feelings of shame or guilt 

(Bastin, Harrison, Davey, Moll, & Whittle, 2016; Michl et al., 2014). That is, participants might 

feel more guilty or ashamed when they gain money for themselves only, compared to when they 

gain money for charity or for themselves and charity. Both explanations do not account for the 

absence of medial PFC when comparing self-gain to charity-gain, therefore, future research is 

necessary to understand the exact roles of medial PFC and insula when comparing gains for self 

only versus gains for others.  

In addition, the increased activation that we found in medial PFC for self-gain as 

compared to both-gain extended into the anterior cingulate sulcus (ACCs). Activation in this 

region has previously been associated with –amongst other processes- information processing 

when learning in non-social contexts (Apps, Rushworth, & Chang, 2016), personal pain, and 

empathy for others experiencing pain (Lockwood, 2016). Whereas it is unlikely to be the case 

that activation stronger in self-gain versus both-gain reflects pain for the participant (since self-

gain is objectively better for the participant), it might be the case that the activation in ACCs in 

this contrast reflects activation related to learning. That is, even though participants objectively 

could not learn in the current study since trials were presented in a random sequence, they 

might have attempted to find patterns to maximize self-gain.  

Limitations & future directions 

When interpreting our results, several limitations need to be taking into account. Since 

our paradigm was jittered between trials but not between the decision phase and the outcome 

phase within a trial, we cannot temporally distinguish between these phases. However, even 

though we cannot temporally distinguish, we can still statistically distinguish the decision- and 

outcome phase. That is, since the decision phase is identical in each of our conditions, any 

activation associated with the decision phase would be washed out across contrast conditions. 

Thus, any significant activations found in the contrasts has to be the result of a systematic 

difference between outcome conditions. Second, an interesting direction for future research 

would be to use prediction error models to investigate how participants react. For our current 
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paradigm, a classical prediction-error model would not be the best fit, because one of our 

intentions was to develop a task without a real choice for the participant, to ensure that we 

would have enough trials in each payoff condition. Considering the answers to the control 

question gauging whether participants thought they were able to influence the outcome, it 

seems that this was effective. Therefore, it seems unlikely that participants built up expectations 

related to their choices, making our paradigm unsuitable to analyze prediction errors. 

Conclusions 

 To conclude, this study showed that self-gains were consistently related to activity in 

the ventral striatum, replicating earlier studies (Berridge & Kringelbach, 2015; Braams, Peters, 

et al., 2014; Delgado, 2007; Montague & Berns, 2002; Morelli et al., 2015; Schultz, 2016; 

Sescousse et al., 2013). Furthermore, although we found no rewarding effect (‘warm glow’) of 

vicarious gaining for charity on a group level, we showed that this activity for vicarious charity-

gains was related to individual differences in empathy and self-reported enjoyment for charity-

gains. These findings support earlier literature (Braams, Peters, et al., 2014; Inagaki et al., 2016; 

Telzer et al., 2013) suggesting that the strength of the relationship to the target is important for 

the ‘warm glow’ effect to be found in vicarious gaining settings. Some studies have shown that 

reputation building may indeed increase activity in the ventral striatum in conditions of 

reciprocity, supporting this idea (Mobbs et al., 2015; Phan, Sripada, Angstadt, & McCabe, 2010). 

To further this line of research, future studies could examine these social context factors on 

charity giving in more detail, by investigating the role of relationships to specific charities in 

explaining the rewarding feeling of vicarious gaining.  
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CHAPTER 3 

Neural reward related-reactions to monetary 

gains for self and charity are associated with 

donating behavior in adolescence. 
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Summary 

The aim of the current study was to examine neural signatures of gaining money for self 

and charity in adolescence. Participants (N=160, aged 11-21) underwent fMRI-scanning while 

performing a zero-sum vicarious reward task in which they could either earn money for 

themselves at the expense of charity, for a self-chosen charity at the expense of themselves, or 

for both parties. Afterwards, they could donate money to charity, which we used as a behavioral 

index of giving. Gaining for self and for both parties resulted in activity in the ventral striatum 

(specifically in the NAcc), but not gaining for charity. Interestingly, striatal activity when gaining 

for charity was positively related to individual differences in donation behavior and perspective 

taking. Dorsal anterior cingulate cortex, insula and precentral gyrus were active when gaining 

only for self, and temporal-parietal junction when gaining only for charity, relative to gaining for 

both parties (i.e. under equity deviation). Taken together, these findings show that striatal 

activity during gaining for charity relates to individual differences in perspective taking and 

future acts of giving to charity. These findings provide insight in the individual differences in the 

subjective value of prosocial outcomes.” 
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3.1. Introduction 

Adolescence is a transitional period between childhood and adulthood, ranging approximately 

from 10 to 22 years (Crone & Dahl, 2012). This period is characterized by elevated reward 

sensitity (Silverman, Jedd, & Luciana, 2015), sensation seeking and a drive to obtain rewards 

(Hauser, Iannaccone, Walitza, Brandeis, & Brem, 2015; Steinberg, 2008). In addition, a shift 

takes place from adolescents spending most time with their parents, towards spending more 

time with their peers, resulting in an increasing influence of the peer group on an adolescents’ 

behavior (Steinberg, 2001). Relating to this social shift, adolescents develop prosocial goals and 

social-perspective taking skills improve (Eisenberg, Carlo, Murphy, & van Court, 1995; 

Eisenberg, Fabes, & Spinrad, 2006). These social transitions occur in parallel with an increasing 

need of adolescents to contribute to society and to develop prosocial goals (Fuligni, 2018). One 

way to gain more insight into these prosocial motivations is by studying neural activity during 

prosocial outcomes (e.g. rewards gained for others). In the current study, we examined neural 

responses to prosocial rewards for charity and how this relates to giving behavior towards 

charities.  

Neuroscientific studies in adults have demonstrated that anticipating rewards (Knutson 

& Greer, 2008), and gaining rewards for oneself is associated with activity in the ventral 

striatum, specifically in the nucleus accumbens (NAcc) (Delgado, 2007) and the orbitofrontal 

cortex (Berridge & Kringelbach, 2015; Moll et al., 2006; Montague & Berns, 2002). Additionally, 

activity in NAcc tends to correlate with subjective stimulus value (Bartra, McGuire, & Kable, 

2013; Clithero & Rangel, 2014). Activity in the NAcc during reward processing is especially 

strong in adolescence compared to childhood and adulthood (Galvan et al., 2006; Silverman et 

al., 2015). This adolescent-specific striatial hyperactivity has been related to negative 

behavioral outcomes, such as increases in risk-taking behavior (Galvan, Hare, Voss, Glover, & 

Casey, 2007) and increased alcohol consumption (Braams, Peper, van der Heide, Peters, & 

Crone, 2016). Interestingly, whereas early studies have typically related the increase in striatal 

activity to negative outcomes such as risk-taking (Galvan et al., 2007), more recently studies 

have nuanced this view by showing associations between increased striatal activity and giving 

to family in adolescence (Telzer, Fuligni, Lieberman, & Galvan, 2013). These findings suggest 

that whereas adolescence has previously been viewed as a period of risk for negative 

developmental outcomes, it is possible that adolescence additionaly provides rich opportunities 

for prosocial development (Fuligni, 2018).  

 An increasing body of evidence shows a parallel between neural activation for self- and 

other-gains (referred to as vicarious gains). That is, in several studies vicarious gains were 
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associated with similar NAcc activation as when gaining for self in adults (Morelli, Knutson, & 

Zaki, 2018; Spaans, Peters, & Crone, 2018) and adolescents (Braams & Crone, 2017). Moreover, 

stronger activity when gaining for friends was associated with everyday prosocial actions in 

adults (Morelli et al., 2018). Whereas vicarious reward-related activity in the NAcc has been 

found primarily for vicarious gains for close others, such as family members and friends 

(Braams & Crone, 2017; Braams, Peters, Peper, Güroǧlu, & Crone, 2014; Morelli et al., 2018) it is 

not consistently found in all studies (Morelli, Sacchet, & Zaki, 2015). Prior research suggested 

that ventral striatal activity for vicarious gains is dependent on individual differences in 

willingness to give to others (Kuss et al., 2013), perceived importance of the beneficiary 

(Braams, Peters, et al., 2014; Telzer et al., 2013), and trait empathy (Spaans et al., 2018). 

Research in adults has demonstrated that the NAcc is involved in gains for charities which 

reflects more distal targets (Genevsky, Västfjäll, Slovic, & Knutson, 2013; Harbaugh, Mayr, & 

Burghart, 2007), but it is not yet known how reward-related activity for charity emerges during 

adolescence. We aimed to explore the processing of these vicarious rewards specifically in 

adolescence, given its importance as a period of social reorientation (Nelson, Leibenluft, 

McClure, & Pine, 2005). 

In short, the current study examined neural responses when gaining for self and charity. 

Previous studies on vicarious rewards used gambling tasks with two outcomes, gains or losses, 

which precludes the possibility to clearly distinguish between self-loss and other-gain. In the 

current design, we used a zero-sum false-choice task with a Prisoner-Dilemma-inspired pay-off 

scheme where outcomes could be beneficial to self only, charity only, or both parties, relative to 

a no-gain baseline (previously validated in adults, see Spaans et al., 2018). Given the zero-sum 

nature of the task, gains for self were always accompanied by no-gains for charity, and vice 

versa. We decided on using a false-choice task with the aim to decompose the processes (Tamir 

& Hughes, 2018) underlying vicarious gaining, explicitly focusing on the neural reactions to 

viewing outcomes for self and charity, and to separate them from decision making related 

activation. Furthermore, we varied the size of the possible outcomes in the task to dissociate 

absolute and relative amounts of gain (Tabibnia, Satpute, & Lieberman, 2008). Based on the 

literature that suggests that personal gain and vicarious gain have a common neural substrate, 

we predicted that self-gain, both-gain and charity-gain would all result in activity in the NAcc. 

Second, based on prior studies showing that closeness to the target might affect whether or not 

vicarious gains are associated with activity in the NAcc (Braams et al., 2014; Telzer et al., 2013), 

we expected charity-gain-related responses to be dependent on self-reported closeness to and 

perceived importance of the charity. Finally, we addressed the question whether neural 

responses during vicarious gains predicted individual differences in self-reported perspective-
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taking, empathy (Spaans et al., 2018) and prosociality as measured by actual donating behavior 

(Genevsky et al., 2013; Morelli et al., 2018). 

 

3.2. Methods 

Participants and procedure 

160 participants between the ages of 11 and 21 participated in this study (84 females, M 

= 15.99 years, SD = 2.95). 3 participants were excluded from fMRI analyses, 2 of whom were 

excluded due to movement during fMRI (> 3 mm), and 1 due to signal dropout in the SPM mask 

including the ventral striatum (this was assessed by visual inspection of all individual SPM 

masks). The final analyzed fMRI sample consisted of 157 adolescents. All analyses on behavioral 

data were conducted with the full sample (N = 160). All participants (and their parents if 

younger than eighteen) gave written informed consent. All participants were right-handed and 

had normal or corrected-to-normal vision. Participants were screened with questionnaires on 

three separate occasions (once by phone-call, once by e-mail and once on the testing-day) for 

MRI contra-indications and for (history of) neurological and/or psychiatric disorders. All 

anatomical MRI scans were reviewed by a radiologist. No anomalous findings were reported. 

The study and all of its procedures were approved by the ethical commission board of the 

Leiden University Medical Center (LUMC). 

Materials 

COSY fMRI-Task. To investigate responses to vicarious gains for charity, we used a 

false-choice fMRI-task called the COSY (Charity or Self Yield) task, which we used in an earlier 

study with a separate adult sample (Spaans et al., 2018). In the COSY task, participants can earn 

money for themselves and for a previously self-chosen charity (see Supplementary File A for the 

list of charities) by deciding which out of two curtains to open on every trial. After participants 

press a button, an onscreen hand indicates what option they have selected. Next, the chosen 

curtain opens in a fluid animation (fourteen frames presented for 50 ms each), with the 

outcomes fully visible from the seventh frame onwards. The outcomes were either a division of 

4 Euro stakes between parties, or a division of 2 Euro stakes between parties. All outcomes 

were zero-sum, with gains for one party being inversely related to gains of the other party. 

Specifically, in case of a division of 4 Euros (high magnitude), this could result in the following 

outcomes: Self High [€ 4 self, € 0 charity]; Charity High [€ 0 self, € 4 charity], or Both High [both 

€ 2]. In case of a division of 2 Euros (low magnitude), this could result in the following 



 47 

outcomes: Self Low [€ 2 self, € 0 charity]; Charity Low [€ 0 self, € 2 charity: Charity Low]; or 

Both Low [both € 1]. In both conditions, these outcomes were contrasted against a zero gain 

baseline Both No Gain [both € 0:]. The two stakes were used to control for magnitude when 

examining the effects of mutual gain (Tabibnia et al., 2008). A black jitter screen (0 - 8800 ms) 

was presented after the outcome presentation, marking the end of a trial (see Figure 1 for a 

graphical representation of the trial flow and the outcome conditions).  

 

Figure 1. This figure shows the basic trial flow of the zero-sum COSY task. At trial onset, a black 

screen was presented with a jittered duration between 0 and 8800ms. Subsequently, a fixation cross was 

shown for 500 ms, followed by the response selection screen for 2000 ms. If a response was made, an 

animation was shown onscreen for the remainder of the 2000 ms. Then, the next 14 screens showed a 

fluid animation of the hand pulling the curtain open, revealing the outcome (shown here; self € 2, charity 

€ 2). The feedback remained onscreen for 2300 ms. In case participants failed to respond within the 

timeframe of the response selection, a screen with the phrase ‘Too Late!’ was shown for 3000 ms instead. 

Outcome conditions are displayed in the table below the trial flow. 

Every outcome condition occurred 15 times during the task, resulting in a total of 105 

trials. The order of trials was optimized for our design using the program Optseq2 (Dale, 1999). 

The task consisted of two blocks of 50 and 55 trials respectively. Each block lasted 

approximately six minutes. At the end of the research day, participants and charity received 

extra money (both charity and the participant could earn € 1 - € 2 in steps of € 0.50, rewards 

were counterbalanced across participants).  
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Questionnaires. 

COSY manipulation checks. After the fMRI session, participants answered several 

questions about the COSY-task. First, to obtain a subjective measure of the enjoyment when 

gaining for charity, we asked how it felt to win different amounts of money (€ 0, € 1, € 2, and € 

4) for self and charity, answering on a scale where 1 = ‘did not feel good at all’ and 7 = ‘felt very 

good’. Second, we asked whether participants thought they could influence the outcome and 

why they thought this was or was not the case. We also asked participants how important they 

rated the charity, and how well they knew what the charity stood for. All of these questions 

were answered on seven point Likert scales. Finally, we asked participants whether or not they 

normally donated to this charity in daily life (1 = yes, 2 = no, 3 = sometimes), and whether they 

thought they could influence the outcome of the task (1 = yes, 2 = no, 3 = sometimes). 

All charities were chosen at least once by the participants. The perceived importance of 

chosen charities was high for all participants (M = 5.84, SD = 1.14), and participants reported to 

have knowledge of the charity (M = 4.58, SD = 1.36). There was a significant correlation between 

perceived importance of the charity and knowledge about the charity (r(157) = .35, p < .001). To 

the question whether participants donated in daily life, eighty-five participants answered ‘yes’ 

or ‘sometimes’, and one-hundred-and-two answered ‘no’. Finally, to the question whether 

participants believed they could influence the outcome, ten participants answered ‘yes’, one-

hundred-and-two answered ‘no’, and forty-five answered ‘sometimes’. We checked whether 

individual differences in the perception of being able to influence the outcomes during the task 

were associated with differences in neural activity in the task, or to variations in donation 

behavior. A set of ANOVAs showed this was not the case (all p > .68).  

Empathy & Perspective taking. To investigate individual differences in empathy 

and perspective taking, we included the empathy and perspective taking subscales of the 

Interpersonal Reactivity Index (IRI) questionnaire (Davis, 1980; Hawk et al., 2013). Both 

subscales were reliable, with Chronbach’s alpha values of respectively .72 and .79.  

 Behavioral Donating Task. In the exit interview after the fMRI session, 

participants played a One-shot Dictator game. That is, they were given the choice to distribute 

600 valuable coins (unbeknownst to participants, 100 coins were worth € 0.50, for a total of € 

3) between themselves and the charity of their choice by selecting one of seven possible 

divisions on a scale (1 = 600 for self, 0 for charity; 2 = 500 for self, 100 for charity; 3 = 400 for 

self, 200 for charity; 4 = 300 for self, 300 for charity; 5 = 200 for self; 400 for charity; 6 = 100 for 

self; 500 for charity; 7 = 0 for self; 600 for charity). In order to prevent socially desirable 
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behavior, it was stressed that their chosen distribution would remain completely anonymous. 

To ensure anonymity, the final amount displayed on the screen for the experimenter was a sum 

of the money gained in the fMRI task and the money divided in the One-shot Dictator Game. In 

total, participants could earn a range of € 1 - € 5 extra for themselves and charity. 

MRI data acquisition. MRI data was acquired using a Philips 3.0 Tesla scanner 

with a standard whole-head coil attached. For functional MRI scans, we used T2*- weighted 

Echo-Planar Imaging (TR = 2.2 s, TE = 30 ms, FOV: 220 x220 x 111.65 mm, voxel size = 2.75 x 

2.75 x 2.75). Functional scans consisted of 2 runs with 175 and 169 volumes respectively. 

Participants were able to see the screen through a mirror that was attached to the head coil. The 

functional task lasted for about 13 minutes in total. In addition to fMRI sequences, we collected 

structural images for anatomical reference (high resolution 3D T1), TR = 9.751 ms, TE = 4.59 

ms, FOV = 224 x 177 x 168 mm. Participants’ head movements were restricted by using foam 

triangles to limit available space in the coil.  

MRI data analyses 

Preprocessing. We used the software package SPM8 (Wellcome Trust Centre for 

Neuroimaging, London) to preprocess and analyze all MRI-data. For preprocessing, we first 

corrected all MRI-images for motion (runs with any framewise displacement motion higher 

than 3 mm were excluded), corrected them for slice timing acquisition and consequently 

spatially normalized the functional scans to T1 templates. Then, all volumes were resampled to 

voxels of 3x3x3 millimeters. We based our templates on the MNI305 stereotaxic space (Cocosco, 

Kollokian, Kwan & Evans, 1997). Finally, we used an isotropic Gaussian Kernel (6 mm FWHM) 

to spatially smooth the data. 

fMRI-Analysis. To calculate the relevant contrasts, we modeled the fMRI time series 

convolved with the hemodynamic response function with events that corresponded to the 

outcome phase of a trial. Specifically, the events of interest that we modelled were the outcome 

conditions ‘Self High’, ‘Self Low’, ‘Charity High’, ‘Charity Low’, ‘Both High’, ‘Both Low’ and ‘Both 

No Gain’. These events were time-locked with zero-duration to the exact moment that 

participants were able to see the outcome; the seventh frame of the curtain-opening animation. 

Trials with no response from the participants were coded as ‘Missing’ and modeled separately 

as invalid trials, and were not included in further contrasts. The modeled events were added as 

regressors in a general linear model, along with a motion regressors and a basic set of cosine 

functions that high-pass filtered the data and a covariate for session effects. The least squares 

parameter estimates of height of the best-fitting canonical HRF for each condition were used in 
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pairwise contrasts. The resulting contrast images, computed on a subject-by-subject basis, were 

submitted to random-effects group analyses. Contrast analyses for each Beneficiary (Self, Both, 

Charity) relative to Both No Gain were performed using t-tests. Effects of Beneficiary (Self, Both, 

Charity) and Magnitude (high, low) were examined in a 3 x 2 full factorial whole brain ANOVA in 

SPM. All images were thresholded by using a False Discovery Rate (FDR) cluster correction 

(initial threshold at p < .001). For a visual representation of the activation in these contrasts 

versus the fixation baseline, see Figure B1 (Supplementary file B). For the time series of 

activation in these contrasts after stimulus onset and feedback onset respectively, see Figures 

C1 and C2 (Supplementary file C). 

fMRI Region-of-Interest Analysis. To investigate the effects that emerged in 

after our initial whole brain analyses ANOVA, we extracted regions of interest for vicarious 

gaining for self, charity and both beneficiaries and conducted our follow-up analyses on these 

regions of interest. We performed the region-of-interest (ROI) analyses using the Marsbar 

toolbox (Brett, Anton, Valabregue, & Poline, 2002). We performed the follow-up analyses on 

eight different regions of interest in total, six of which were extracted from the regions that 

emerged from the whole brain analyses ANOVA (see Table 4 for coordinates).  

In addition, we tested a priori hypotheses about reward-related activity on a predefined 

anatomical ROI (Braams, van Duijvenvoorde, Peper, & Crone, 2015) of the left and right NAcc, 

extracted from the Harvard-Oxford subcortical atlas and thresholded at 40%. The mask consists 

of 28 voxels for the left NAcc (center-of-mass coordinates left: x = -9.57, y = 11.70, z = -7.10) and 

of 26 voxels for the right NAcc (coordinates right: x = 9.45, y = 12.60, z = -6.69). We extracted 

parameter estimates for the ROI analyses. Since no significant differences in activation were 

found between left NAcc and right NAcc, all were consequently performed by collapsing across 

the left and right hemisphere of the NAcc.  

All reported results are available on NeuroVault (Gorgolewski et al., 2015), see 

https://neurovault.org/collections/UNRMPFBJ/. 

Analysis Plan 

Behavioral Analyses. To test whether the fMRI task was effective in eliciting 

subjective reward, we investigated the behavioral enjoyment ratings made by participants after 

the fMRI task. To this end, we performed a 4 (Magnitude) x 2 (Beneficiary: self or charity) 

repeated measures ANOVA and performed planned comparisons to follow up the significant 

main within-person effects. Next, to explore the distribution of donation behavior and to check 

https://neurovault.org/collections/UNRMPFBJ/
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whether there were differences in donation behavior for different charities, we respectively 

computed means and standard deviations of donation behavior and conducted an ANOVA with 

chosen charity as independent variable and donation as dependent variable. 

Analyses of Neural Activation. 

The analyses for neural activity in the vicarious reward task were conducted in two 

steps. First, we performed whole brain analyses to test for effects of condition, using whole-

brain contrasts. Second, we performed region of interest (ROI) analyses on the anatomical NAcc 

to test for the a priori hypothesized relations with donation behavior.  

Specifically, to investigate the relationships between ROI activation in NAcc and 

donation behavior, we conducted repeated measures ANCOVAs in SPSS with Beneficiary as 

Factor (3 levels: self, both, charity) and, empathy, perspective taking and donating behavior as 

covariates in separate analyses to examine if patterns differed depending on variation in these 

variables. 

Lastly, we exploratively conducted a 3 x 2 whole-brain ANOVA with Beneficiary (3 

levels: self, both, charity) and Magnitude (high, low) as factors, and the 6 conditions versus 

fixation as dependent variables. Then, to investigate the patterns of activation related to these 

effects in more detail, we extracted the significant clusters using the Marsbar Toolbox (Brett et 

al., 2002). 

3.3 Results 

Behavioral results 

Enjoyment ratings. We tested whether the task was effective in eliciting subjective 

reward by examining subjective enjoyment ratings for different magnitudes of reward (€ 0, € 1, 

€ 2, and € 4) and for different targets (self, charity, both self and charity). Results showed a 

main effect of Magnitude (F(3, 477) = 480.79, p < .001, ηp
2 = .75) and a Magnitude by Beneficiary 

interaction (F(3, 477) = 12.99, p < .001, ηp
2 = .08) (see Figure 2). The latter interaction showed 

that for both beneficiaries, higher magnitudes were rated as more enjoyable (€ 4 < € 2 < € 1 < € 

0; all differences p < .001). However, within-magnitude comparisons showed that participants 

enjoyed it less when charity received nothing compared to when they themselves received 

nothing (F(1,159) = 14.31, p < .001), and enjoyed it more when, compared to self, charity 

received 1 euro (F(1,59) = 13.11, p < .001) or 2 euros (F(1,159) = 11.70, p < .001). For 4 euros 

there was no differences between beneficiaries (F(1,59) = 1.29, p = .26).  
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Figure 2. Bar chart representing winning enjoyment for different beneficiaries and magnitudes. Enjoyment 

is plotted on the y-axis (scale ranged from 1 - 7) and different sets of bars represent different magnitudes (€ 

0, € 1, € 2, € 4). Blue-colored bars represent outcomes for self, red-colored bars represent outcomes for 

charity. Differences significant at p < .05 are flagged with ‘*’. 

Behavioral donating task. Next, we addressed the question how much 

participants donated in the One-shot Dictator game and how this related to individual ratings of 

importance, knowledge about charity, perspective taking, empathy and age. Participants 

donated on average 247 of the 600 coins to charity (SD = 127.64). There were no significant 

differences in donation amount between charities (F(9, 150) = 2.25, p = .44, ηp
2 = .057). See 

Figure 3 for a histogram displaying the frequency of each donation. 
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Figure 3. This figure shows the absolute frequencies of prosocial donations made in the One-Shot Dictator 

Game. Participants could divide 600 valuable tokens by picking one of seven divisions.  

Donating behavior was negatively correlated to how much participants reported 

enjoying gaining for self (average of 1, 2 and 4 euros) (r(160) = -.364, p < .001) and positively 

correlated to how much participants reported enjoying gaining for charity (average of 1, 2 and 4 

euros) (r(160) = .234, p < .001) and to self-reported importance of the chosen charity (r(160) = 

.191, p = .016). Correlations can be found in Supplementary file D.  

There was no correlation between donating behavior and age, self-reported empathy, 

self-reported perspective taking, or self-reported knowledge about the chosen charity (see 

Table 1 for a full overview of correlations). All other correlations between measures and 

correlations with age are also presented in Table 1. As can be seen in the Table, age was 

positively correlated with perspective taking and negatively correlated with the importance 

rating of the charity.  

Table 1. Correlations between self-reported empathic concern (IRI-EC), perspective taking (IRI-

PT), enjoyment of self-gains and charity gains, importance of charity, knowledge of charity, 

donation behavior in the donating task, and age. Degrees of freedom = 160. Significant 

correlations are flagged at, p < . 05 with ‘*’, p < .01 with ‘**’ and at p < .001 with ‘***’. See 

Supplementary Figure E1 for a version of this Table with written out p-values. 

  Perspective 

taking 

Self- 

gains 

 

Charity- 

gains 

 

Importanc

e 

Knowledge Donation 

behavior 

Age 

 Empathic 

Concern 

.307*** -.026 .030 .264** .108 .118 -.103 

 Perspective 

taking 

 -.082 -.041 -.097 -.026 .061 .306*** 

 Self-gains   .430*** .046 .026 -.364*** -.049 

 Charity-gains    .271** .198** .234** -.102 

 Importance     .350*** .191* -.290*** 

 Knowledge      .066 -.084 
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 Donation 

Behavior 

 
    

 

.129 

 

 

Neural activity 

 Gain Conditions versus No-gain. First, to test whether NAcc activity was 

observed for the three Beneficiary conditions, relative to a no gain baseline (in which both 

beneficiaries receive € 0) we computed whole brain contrasts for each condition. As can be seen 

in Figure 4, for the contrast Self Gain > Both No Gain and Both Gain > Both No Gain, activity was 

observed in NAcc, but not for Charity Gain > Both No Gain. All other activations are reported in 

Table 2.  

 

Figure 4. From left to right: Respective activation patterns in the NAcc for Self-gain > Both-No-Gain, Both-

Gain > Both-No-Gain, and Charity-Gain > Both-No-Gain contrasts. Coronal view at coordinates, y = 12. 

 

Table 2. Coordinates for contrasts Self Gain > Both No Gain, Charity Gain > Both No Gain, and 

Both Gain > Both No Gain. FDR cluster corrected (initial threshold p <.001), accepted FDR 

thresholds were 273 (Self Gain > Both No Gain), 173 (Charity Gain > Both No Gain), and 63 

(Both Gain > Both No Gain). AAL atlas was used for labeling. Subclusters that fell outside of 

defined regions in the AAL are not included in this table. For cluster sizes under 600 voxels, 

here we present only the main cluster coordinates. See 

https://neurovault.org/collections/UNRMPFBJ/ for the full overview of activation.  

 

Contrast Region T K x y z 

Self Gain >  

Both No Gain 

Both Gain >  

Both No Gain 

Charity Gain >  

Both No Gain 

https://neurovault.org/collections/UNRMPFBJ/
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Self Gain > 

Both No Gain 

 

Anterior Cingulum 9.92 3332 0 47 7 

   Medial Orbital Gyrus 8.93 

 

0 53 -5 

   Right Caudate 7.71 

 

12 14 -2 

 Precuneus 7.65 1905 -6 -64 37 

   Frontal Superior Medial Gyrus 6.83 

 

0 -40 31 

   Left Angular Gyrus 6.41 

 

-36 -67 46 

 Right Precentral Gyrus 5.28 523 18 -31 67 

   Right Postcentral Gyrus 5.12 

 

30 -31 70 

   Right Precentral Gyrus 5.01 

 

42 -22 58 

 Left Paracentral Lobule 4.98 273 -9 -34 70 

   Left Precentral Gyrus 4.45 

 

-27 -25 64 

   Left Postcentral Gyrus 4.31  -36 -31 58 

Char Gain > 

Both No Gain 

 

Precuneus 9.18 1963 3 -58 31 

   Left Angular Gyrus 7.59  -51 -67 28 

 Frontal Medial Orbital Gyrus  7.64 1488 0 59 -2 

   Left Frontal Superior Medial Gyrus 7.35  -9 65 22 

   Left Frontal Superior Gyrus 6.52  -21 29 49 

 Right Angular Gyrus 5.79 173 57 -61 28 

Both Gain > 

Both No Gain 

 

Cuneus 8.10 1173 -3 -64 25 

   Precuneus 7.32  -6 -58 16 

   Middle Cingulum 6.19  -6 -43 37 

 Left Occipital Midline 6.36 362 -36 -73 40 
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 Anterior Cingulum 6.27 369 0 41 7 

 Left Frontal Superior Gyrus 6.26 978 -21 29 46 

   Right Caudate 5.92  9 17 -5 

   Left Caudate / Putamen 5.36  -15 11 -5 

 Right Postcentral Gyrus 6.25 746 21 -34 64 

   Right Parietal Superior Gyrus 5.41  21 -49 67 

   Right Precentral Gyrus 5.18  21 -25 73 

 Left Frontal Inferior Triangle 5.72 291 -45 29 19 

 Left Parietal Superior Gyrus 5.45 307 -21 -46 70 

  Paracentral Lobule 4.29  0 -28 58 

   Left Paracentral Lobule 3.94  -6 -34 70 

 Right Temporal Superior Gyrus 4.88 273 60 -13 7 

 

 

 

Neural activity in the NAcc and donation behavior 

Next, we examined correlations between donation behavior and neural activity in an 

independent anatomically defined ROI of the NAcc. We averaged across magnitudes as there 

was no main effect of magnitude nor an interaction with magnitude in our whole brain analyses 

for the NAcc. 

We found a negative correlation between activation in the Self Gain > Both No Gain 

contrast and donation behavior (see Table 3). More specifically, participants with relatively 

higher activity in the striatum when gaining for self, donated less to charity. Finally, to check 

whether activation did not differ depending on the charity participants chose, we checked 

whether neural activity in the Self Gain > Both No Gain, Both Gain > Both No Gain, and Charity 

Gain > Both No Gain contrasts differed depending on the chosen charity. This was not the case 

(all p > .53). 
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Table 3. Correlations between age, donation behavior, and NAcc activation in SelfGain - 

BothNoGain, BothGain - BothNoGain, and CharityGain – BothNoGain. Degrees of freedom = 160. 

Significant correlations are flagged at p < .05 with ‘*’ and at p < .001 with ‘**’. See 

Supplementary Figure E2 for a version of this table with written out p-values. 

  Donation 

Behavior 

SelfGain BothGain 

 

CharityGain 

 

 Age .129 -.177* -.161* -.044 

 Donation Behavior  -.175* -.068 .102 

 SelfGain   .625** .537** 

 BothGain    .615** 

  

 

Next, we tested if these variables showed interactions with Beneficiary in repeated 

measures ANCOVAs with Beneficiary as Factor (3 levels: self, both, charity) and empathy, 

perspective taking and donating behavior as respective covariates. This resulted in two 

significant interactions. For donating behavior, there was a significant Beneficiary x Donating 

interaction, F(2, 316) = 8.42, p < .001, ηp
2 = .051). For perspective taking, there was a significant 

Beneficiary x Perspective Taking interactions, F(2,316) = 3.22, p = .019, ηp
2 = .025. No 

interactions were found for empathy.  

To further investigate these patterns, we subtracted Charity Gain from Self Gain to 

obtain a difference score that reflects the degree of similarity between the neural activity for 

charity and self-gains. Note that given the zero-sum nature of the game, charity-gains were 

accompanied by the absence of gains for self, and self-gains were accompanied by the absence 

of gains for charity. As a result, in this difference score, a score of 0 on this difference score 

indicates identical activity for self and charity, whereas negative and positive scores 

respectively reflect a stronger striatal activation to either self-gains compared to no-gains for 
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charity, or charity-gains compared to no-gains for self. We found that this difference score was 

significantly correlated to perspective taking (r = .19, p = .012) and donating (r = .279, p < .001) 

(Figure 5A and B). Thus, more perspective taking and more donating were both significantly 

correlated to more charity-versus-self-related NAcc activity. No correlations were found for 

Both Gain - Self Gain. 

 

 

Figure 5. Relations are displayed between activation in Charity Gain –Self Gain and donation behavior (A), 

and Charity Gain –Self Gain and perspective taking (B). Activation displayed is FDR cluster corrected (initial 

threshold p <.001, accepted threshold 68). 

 

  

-6

-5

-4

-3

-2

-1

0

1

2

3

4

0 2 4 6

C
h
a
ri

ty
 G

a
in

 -
S

e
lf
 G

a
in

Donation Behavior

-6

-5

-4

-3

-2

-1

0

1

2

3

4

1 2 3 4 5

C
h
a
ri
ty

 G
a
in

 -
S

e
lf
 G

a
in

Perspective Taking

B 

 

A 

 



 59 

Exploratory Analyses. Lastly, we conducted a whole-brain ANOVA to 

investigate the effects of Beneficiary and Magnitude. Results showed a significant main effect of 

Beneficiary with 8 significant clusters, no significant effect of Magnitude, and a significant 

Beneficiary by Magnitude interaction with 1 significant cluster (see Table 4 for cluster 

coordinates). Main effects of Beneficiary were observed in bilateral NAcc, bilateral 

insula/inferior frontal gyrus, dorsal anterior cingulate cortex (dACC), precentral gyrus and 

bilateral temporal parietal junction (TPJ).  

Visual inspection of the activation in each region and subsequent post hoc testing 

revealed three general patterns (see Figure 6A - C). First, the activity pattern in bilateral NAcc 

corresponded to the amount gained for self, showing largest activity in the Self Gain condition, 

followed by the Both Gain condition, followed by the Charity Gain condition (Figure 6A; all p’s < 

.05). Second, bilateral insula, dACC and precentral gyrus were more active for Self Gain and 

Charity Gain than Both Gain (with relatively more activity for Self Gain compared to Charity 

Gain; all p’s < .05), potentially indicating that these regions respond when outcomes were 

different from equity (Figure 6B displays bilateral insula only; dACC and precentral gyrus 

showed similar patterns). In addition, right TPJ was also more active when outcomes were 

different from equity, that is for Self Gain and Charity Gain, with relatively more activity for 

charity-gains compared to self-gains (Figure 6C; all p’s < .05). The pattern was similar for left 

TPJ, except activation for self and charity did not significantly differ from each other.  
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Figure 6. Displayed in the figures are the patterns of activation for the Main effect of Beneficiary in (A) 

bilateral NAcc versus the fixation baseline (y = 10), (B) in bilateral insula versus the fixation baseline (y = 10), 

and (C) in right temporoparietal junction (TPJ) versus the fixation baseline (z = 30). Activation was collapsed 

over magnitudes for the different beneficiaries. With respect to the activation in bilateral insula (B), similar 

patterns were observed in dACC and precentral gyrus. Due to the zero-sum nature of the task, Self Gain mean 

No Gain for Charity, and Charity Gain mean No Gain for Self. Activation displayed is FDR cluster corrected 

(initial threshold p <.001, accepted threshold 80). Correlates of activation in ROIs derived from this contrast 

with age can be found in Supplementary File B. 

The Beneficiary x Magnitude interaction resulted in a cluster in the medial PFC (mPFC). 

To investigate these effects in more detail we examined this pattern in a ROI extracted from this 

region. As can be seen in Figure 7, this region was more active for low charity-gains than for 

high charity-gains. In contrast, this region was more active for high self-gains compared to low 

self-gains. No difference between magnitudes was observed for the both conditions.  
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Figure 7. The Target x Magnitude interaction in mPFC is displayed in the figure (x=0). Different bars display 

activation for different targets. Blue bars represent low magnitude gains, whereas red bars represent high 

magnitude gains. Due to the zero-sum nature of the task, Self Gain mean No Gain for Charity, and Charity 

Gain mean No Gain for Self. Activation displayed is FDR cluster corrected (initial threshold p <.001, accepted 

threshold 429). 

 

Table 4. Coordinates for the main effect of Beneficiary and Beneficiary by Magnitude 

interaction for the 3 x 2 ANOVA Whole-brain ANOVA. Analyses were FDR cluster corrected 

(initial threshold p <.001), accepted thresholds 53 (Main Effect Beneficiary) and 429 

(Interaction Beneficiary x Magnitude). AAL atlas was used for labeling. See 

https://neurovault.org/collections/UNRMPFBJ/ for a full overview of activation. 

Contrast Region F K x  y z 

Main effect  

Beneficiary 

 

Right NAcc 24.97 145 12 

 

11 -2 

    11.40  15  2 -8 

   Right Frontal Inferior  

Right Operculum 21.95 353 51 

 

17 1 

   Right Insula 18.68  33  20 -11 

    16.38  42  23 -8 

 Supplementary Motor Area 20.07 1613 12  11 61 

   Right Supplementary Motor 

Area 19.63  9 
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   Left Anterior Cingulum 18.49  -3  38 25 

 Left NAcc 19.15 114 -9  8 -2 

 Right Angular Gyrus 18.59 182 60  -55 31 

   Right Temporal Midline 7.23  60  -58 16 

 Left Frontal Midline 17.43 140 -24  50 28 

   Left Frontal Superior Gyrus 14.21  -27  59 22 

    10.22  -36  53 13 

 Left Insula 15.47 152 -42  17 -2 

 Left Angular Gyrus 11.49 56 -57  -58 34 

 Right Frontal Midline 10.62 54 45  11 46 

Interaction 

Beneficiary x 

Magnitude 

Anterior Cingulum (mPFC) 

 

14.99 429 

 

 

-3 

  

 

47 

 

 

10 

  12.26  6  47 4 

  11.24  9  41 16 
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3.4. Discussion 

The aims of the current study were twofold. First, we aimed to test the neural responses 

observed in the NAcc during vicarious gains for charity in adolescence, and compare them to 

self-gains and gains for both parties.  

Second, we examined the relations between activity in the striatum during (vicarious) 

gains for self and charity, and prosociality, with a specific focus on individual differences in 

empathy, perspective taking, self-reported enjoyment, relationship with the charity, and 

donation behavior.  

Neural correlates of gaining for self and charity 

NAcc. First, we investigated if NAcc activity was dependent on whether gains were 

experienced for self or charity. Consistent with prior studies comparing self- vs. other-gains 

(Berridge & Kringelbach, 2015; Delgado, 2007; Montague & Berns, 2002), the NAcc was more 

active when participants gained money for themselves (at the expense of charity). Interestingly, 

we found increased activity in the NAcc when gains were obtained for both self and charity 

(Both Gain condition), but not when gains were for charity only (at the expense of self).  

This supports the notion that the NAcc reflects the valuation of uniquely self-relevant 

outcomes. That is, monetary outcomes for self were on average highest in the self conditions 

(for a mean self-gain of € 3.00), followed by the both conditions (for a mean self-gain of € 1.50), 

followed by the charity conditions (for a mean self-gain of € 0.00). As such, the most 

parsimonious explanation would be that responses in the NAcc covaried with the absolute 

outcomes for self, regardless of gains for charity.  

Surprisingly, we found no significant whole brain effect of magnitude in the NAcc. Given 

the role of the NAcc in subjective valuation, we would have expected activation in this region to 

covary with increases in gain-amount. Possibly, since activation was most pronounced in the 

Self conditions, having the Both and Charity conditions included in this whole brain analysis 

washes out the main effect of magnitude. The magnitude x target analyses did result in 

significant activation in medial prefrontal cortex (mPFC), supporting the notion that 

participants did differentiate between magnitudes in the task. 

Medial prefrontal cortex (mPFC). The mPFC, a brain region often co-activated 

with the NAcc in reward processing (Van Duijvenvoorde, Peters, Braams, & Crone, 2016) and 

associated with self-relevant processing (Denny, Kober, Wager, & Ochsner, 2012)  
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showed a significant beneficiary by magnitude interaction. Specifically, mPFC showed increased 

activation relative to all other conditions when gaining high magnitudes for self and when 

gaining low magnitudes for charity. Possibly, the mPFC tracks subjective significance of 

outcomes (Schmitz & Johnson, 2007). Gaining high magnitudes for self may be highly salient for 

participants, whereas low rather than high charity outcomes may be experienced as most 

subjectively salient given that the relative loss for self is low, while at the same time this could 

be considered a prosocial outcome. These findings fit with the subjective behavior ratings for 

which participants indicated that they enjoyed gaining 2 euros slightly more for charity than for 

self. Future studies should follow up these results, but possibly the mPFC is involved in monitor 

the value of rewards received by oneself vs others (Dal Monte, Fan, & Chang, 2018). 

Tempero-parietal junction (TPJ). The right TPJ showed higher activation in self- 

and charity-conditions compared to both-conditions and was more active for charity than self. 

Activation in TPJ has often been related to perspective taking abilities (Blakemore & Mills, 

2014) or switching between perspectives of self and others (Carter & Huettel, 2013; Schurz, 

Radua, Aichhorn, Richlan, & Perner, 2014). A recent study found that TPJ recruitment was 

higher when adolescents passively viewed prosocial scenes compared to social and 

noninteractive scenes (Tashjian, Weissman, Guyer, & Galván, 2018). These findings align with 

the finding of stronger TPJ recruitment for charitable giving. Future studies should examine the 

specificity of TPJ for prosocial motivations.  

The activity in mPFC and TPJ is in line with previous research on the roles of these 

regions in mentalizing about others’ thoughts and intentions (Burnett, Bird, Moll, Frith, & 

Blakemore, 2009; Frith & Frith, 2003; Van Overwalle, 2009), with studies that show that activity 

in mPFC is related to the subjective valuation of donations (Bartra et al., 2013; Clithero & 

Rangel, 2014; Hare, Camerer, Knoepfle, Rangel, & Rangel, 2010).  

Salience network. A separate network of brain regions seemed specifically sensitive 

to gains that benefited one target, relative to gains for both parties. Specifically, the bilateral 

insula, dorsal anterior cingulate cortex (dACC), and the precentral gyrus showed highest 

activation for outcomes for self only, followed by charity only, followed by both. These regions 

are all part of the salience network (Menon & Uddin, 2010; Seeley et al., 2007; Sridharan, 

Levitin, & Menon, 2008), and have been found to be active for highly self-relevant, salient 

information (Perini et al., 2018). One possible reason for information in these two conditions 

being more salient to participants is that they include higher absolute pay-off amounts per 

target (€ 2 and € 4 v.s. € 1 and € 2 euro’s), and as such might have drawn more attention. 

Moreover, prior studies have also shown that deviation from the equity norm (an equal 
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allocation between targets), a highly salient event, leads to increased activation in dACC and 

insula (Güroğlu, Will, & Crone, 2014). Since the salience network is involved in switching 

between the default mode network and central executive network (Goulden et al., 2014), 

increased activation in these conditions could have reflected a switch to the central executive 

network.  

Gaining for self and charity and prosociality 

The second goal of this study was to relate vicarious reward responses in a false choice 

paradigm where outcomes were controlled, to actual prosociality in terms of behavior and self-

reports. Here, we found that activity in the striatum for vicarious charity-gains was related to 

individual differences in donation behavior, self-reported enjoyment, and perspective taking.  

Interestingly, donation behavior outside the MRI scanner was related to the difference 

in activity found for charity- and self-gains during the fMRI task. Increased activity for charity-

gains compared to self-gains was related to higher donations. This effect was mainly driven by a 

decrease in striatal activity during self-gains being associated with more donations, suggesting 

that devaluation of personal rewards, more so than an increase in valuation of rewards for 

charity, was associated with increased donations. However, given the zero-sum nature of the 

current paradigm (where gains for self imply less gains for charity), it should be noted that 

interpretations about personal rewards are unequivocally linked to the absence of vicarious 

rewards, and vice versa. 

These findings on the relationship between activation during vicarious gaining and 

donation behavior are consistent with prior research in adults which reported that vicarious 

activity in the NAcc for gains for friends was associated with real life prosociality (Morelli et al., 

2018). Here we observed similar findings for self-reported enjoyment for self- and charity-

gains. That is, we found that the self-reported enjoyment of the respective gains for self- and 

charity was significantly related to donation behavior. Together, these findings show that 

activity in the striatum during vicarious gaining reflects the valuation of prosocial outcomes, 

and that it relates to tendencies to perform prosocial behavior (Genevsky et al., 2013; Harbaugh 

et al., 2007; Moll et al., 2006). Additionally, the current findings show that perspective taking 

may be an important factor that underlies vicarious reward responses to charity, as individuals 

who scored higher on perspective taking also showed stronger reward-related activity in the 

NAcc when vicariously gaining for charity.  

Given that adolescence might be a period in which individual differences in prosociality 

emerge, an interesting question concerns whether or not proscociality of adolescents is prone 
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to change as a result of interventions or community programs. A meta-analysis on community 

service programs demonstrated that positive effects of community service on prosocial values 

was dependent on whether the program involved reflection (Van Goethem, Van Hoof, Orobio de 

Castro, Van Aken, & Hart, 2014). Given that community programs with reflection elements can 

affect prosocial values, an interesting question for future research is whether fostering these 

values may also lead individuals to experience stronger vicarious reward for unknown others.  

Finally, there were some unexpected findings in the current study that should be 

addressed in future research. In self-report, participants indicated that they enjoyed gaining for 

charity more than gaining for themselves. They also reported that they prefered losses for 

themselves over losses for charity. However, if striatal activity reflects processes related to the 

valuation of an outcome, one would expect the self-reported enjoyment for charity-gains to be 

correlated to the striatal activity for charity-gains, which was not the case in the current study. 

Perhaps, self-reported enjoyment is more subject to social desirability bias than the neural 

activity. Participants may be prone to overstate their reported subjective enjoyment for charity-

gains as being charitable is a socially desirable characteristic. Related to this, the propensity to 

be sensitive to demand characteristics could explain the unexpectedly high enjoyment ratings 

for charity-gains. Possibly, participants might have felt that answering in a prosocial way (by 

reporting high charity-gain enjoyment or even by donating high amounts of tokens in the one-

shot Dictator game) was appropiate or expected of them. We tried to limit the role of possible 

demand effects by stressing that there were no right or wrong answers, by masking the 

outcome of the one-shot Dictator game, by having several different experimenters, and by 

refraining from communicating the purpose of this part of the study. However, latent demand 

propensities cannot be ruled out as a possible confound with the current paradigm. Possibly, 

similar processes (e.g. implicit social norms) could play a role in daily life donating as well 

(Martin & Randal, 2008). Finally, reporting how you feel about winning afterwards and online 

neural activation during the task could reflect complementary processes of valuation. These 

seemingly contradicting findings warrant further investigation.  

Limitations and future directions 

The current study had some limitations that should be addressed in future resarch. First, 

the design made use of a false-choice paradigm to control the number of gain events. This, 

however, limited the possibility to relate the neural activity to actual task choice. Future studies 

should therefore extend these findings by also including choice paradigms (Genevsky et al., 

2013; Harbaugh et al., 2007; Moll et al., 2006). Second, since we measured importance to a 

charitable organization rather than actual relationship closeness, direct comparisons against 
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previous studies that did gauge relationship closeness in vicarious gaining paradigms should be 

interpreted with caution. Possibly, importance of a charity is related differently to individual 

differences in valuation of vicarious gains than relationship closeness to a stranger, friend, or 

family member. Finally, the current study was cross-sectional, whereas developmental 

relations, such as between perspective taking, prosocial valuing, and giving behavior in 

adolescence, can best be studied using longitudinal designs (Taris, 2000; Telzer et al., 2018).  

Conclusions 

Taken together, the current study confirmed that in adolescence vicarious reward 

activity in the NAcc when gaining for charity is significantly related to subsequent prosocial 

behavior. This neural signal may be an important marker for the valuation of prosocial 

outcomes (see also Morelli et al., 2018). Finally, we observed several separable activation 

patterns in social brain regions. Whereas TPJ was more strongly activated when gains deviated 

from the equity norm in favor of charity, insula and dACC were more strongly activated when 

gains deviated from the equity norm in favor of self. Together, the current results help to 

unravel individual sensitivities towards gaining for self and others.  
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CHAPTER 4 [UNDER EMBARGO] 

Longitudinal neural and behavioral trajectories 

of charity contributions across adolescence. 
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Longitudinal neural and behavioral trajectories of charity contributions across adolescence.  
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CHAPTER 5 

Win for your kin: neural responses to personal 

and vicarious rewards when mothers win for 

their adolescent children 
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Crone, E.A. (2018). Win for your kin: Neural responses to personal and vicarious rewards when 

mothers win for their adolescent children. PloS One, 13(6). 

doi: https://dx.doi.org/10.1371%2Fjournal.pone.0198663 
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Summary 

Mother-child relationships change considerably in adolescence, but it is not yet understood how 

mothers experience vicarious rewards for their adolescent children. In the current study, we 

investigated neural responses of twenty mothers winning and losing money for their best friend and 

for their adolescent child in a gambling task. During the task, functional neuroimaging data were 

acquired. We examined the activation patterns when playing for or winning for self, adolescent 

children and friends in four a-priori selected ROIs (nucleus accumbens, dorsomedial prefrontal 

cortex, precuneus and temporo-parietal junction). Behaviorally, mothers indicated that they 

experienced most enjoyment when they gained money for their children and that their children 

deserved to win more, relative to friends and self. At the neural level, nucleus accumbens activity 

was stronger when winning versus losing. This pattern was not only found when playing for self, 

but also for friends and children, possibly reflecting the rewarding value of vicarious prosocial 

gains. In addition, dorsomedial prefrontal cortex, precuneus, and temporo-parietal junction were 

more active when receiving outcomes for children and friends compared to self, possibly reflecting 

increased recruitment of mentalizing processes. Interestingly, activity in this network was stronger 

for mothers who indicated that their child deserved to win more. These findings provide initial 

evidence that vicarious rewards for one’s children are processed similarly as rewards for self, and 

that activation in social brain regions are related to social closeness.  
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5.1 Introduction 

Mother-child relationships represent a unique social connection, which changes during 

adolescence. While adolescents spend more time with peers and less time with their parents 

relative to during their childhood (Bukowski & Sippola, 2005) at the same time they are still 

dependent on their parents (De Goede, Branje, Delsing, & Meeus, 2009; Steinberg, 2001). Many 

studies have shown that developing autonomy from parents while retaining a positive attachment is 

of key importance for the well-being of adolescents, for instance for fostering the development of 

peer-relations and the formation of a stable self-image (Gorrese & Ruggieri, 2012; O’Koon, 1997; 

Schneider, Atkinson, & Tardif, 2001). Even though many prior studies examined the effects of 

mother-child relationship on the child (Hollenstein, Tighe, & Lougheed, 2017; Mallers, Charles, 

Neupert, & Almeida, 2010; Mason, Cauce, Gonzales, & Hiraga, 1994; Schneider et al., 2001), less is 

known about how mothers themselves experience, and are affected by this relationship once their 

children reach the age of adolescence. Here, we examined markers of social connection, specifically 

the experience of vicarious rewards (Lockwood, Apps, Roiser, & Viding, 2015), which can be defined 

as rewards that are received for others. Prior studies have demonstrated that receiving vicarious 

rewards for close others, such as friends, is experienced as rewarding, but personal rewards are 

often experienced as most pleasurable (Braams, Güroǧlu, et al., 2014). An intriguing question is 

whether mothers experience vicarious rewards for their children similarly as personal rewards, 

relative to vicarious rewards for friends with whom they have equalitarian social relations.  

Vicarious rewards have previously been studied using neuroimaging methods, as these 

provide complementary information on the processes associated with vicarious rewards in addition 

to self-report. It is well known that the ventral striatum is activated when receiving personal 

rewards, such as monetary rewards, social rewards, or food rewards (Berridge & Kringelbach, 2015; 

Sescousse, Caldú, Segura, & Dreher, 2013). Interestingly, it has been shown that receiving vicarious 

rewards also results in ventral striatum activity, but only when others are liked or well known 

(Braams, Güroǧlu, et al., 2014; Fareri, Niznikiewicz, Lee, & Delgado, 2012; Morelli, Sacchet, & Zaki, 

2015). Furthermore, it was recently found that adolescents and adults show activity in the ventral 

striatum when they gain monetary rewards for friends and for their mother (Braams & Crone, 

2017), but not when gaining for someone they dislike (Braams, Güroǧlu, et al., 2014).  

Besides the ventral striatum, brain regions that are associated with mentalizing and 

perspective taking are also more activated when receiving rewards for others, more than when 
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receiving rewards for self (Morelli et al., 2015). In a prior study, Braams et al. (2014) demonstrated 

that the left temporo-parietal junction (TPJ), precuneus, and dorsal medial prefrontal cortex 

(dmPFC) were active when outcomes were presented for others, relative to self; independent of 

whether these outcome were gains or losses. These brain regions are often referred to as the social 

brain network (Burnett, Bird, Moll, Frith, & Blakemore, 2009; Van Overwalle, 2009; Van Overwalle 

& Baetens, 2009), as they are consistently engaged when thinking about the thoughts and actions of 

other people. Possibly, these brain regions are involved in thinking about others in relation to the 

self (Isoda & Noritake, 2013; Mobbs et al., 2015) or when switching perspectives between self and 

other (Carter & Huettel, 2013; Krall et al., 2015). 

Taken together, prior studies showed an important role of the ventral striatum in gaining 

versus losing for self and others (Liu, Hairston, Schrier, & Fan, 2011), and of the left TPJ, precuneus 

and dmPFC when thinking about others versus self (Frith & Frith, 2003a; Morelli et al., 2015), but it 

is currently not known whether mothers engage these regions when experiencing vicarious 

rewards for their adolescent children and how activation in these regions is moderated by 

relationship closeness. 

One possibility is that the relation between gaining for self and gaining for others is 

dependent on perceived similarity with the other (Mobbs et al., 2009). Mother-child relations are 

especially important for this hypothesis, since mother-child relationships often change during 

adolescence (De Goede et al., 2009). In the current study, we therefore tested how mothers 

responded to gaining money for their adolescent child. Afterwards, we asked them how much their 

adolescent child deserved to win and how much they enjoyed winning for their adolescent child. 

Previous studies have already demonstrated that adolescents show enhanced neural activity in the 

striatum during mid-adolescence when gaining for their mothers (Braams & Crone, 2017), similar to 

when they gain for themselves (Morelli et al., 2015). It is unknown, however, if the same pattern is 

found when testing neural responses of mothers for their children.  

In the current study, we explored the neural responses of 20 mothers who gained money for 

themselves, their best friend and their adolescent child in a gambling task. Participants’ children 

participated in the same study two years earlier (Braams & Crone, 2017). Based on the results of 

this similar study, we expected increased neural activity in the ventral striatum, and more 

specifically in the nucleus accumbens (NAcc) when winning versus losing money for self (Haber & 

Knutson, 2010; Liu et al., 2011). Therefore, the NAcc was selected as a region of interest in the 

analyses. Based on our prior studies in both children and adults, which showed that reward-related 
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brain activation was dependent on social relationship, we expected that gaining for friends, and 

even more so for their children, would also result in NAcc activation in mothers (Braams, Peters, 

Peper, Güroǧlu, & Crone, 2014). To test for the role of social brain regions, we examined activity in 

the TPJ, precuneus and dmPFC. Since we used the exact same task as in Braams’ design (Braams, 

Güroǧlu, et al., 2014), we selected left TPJ, precuneus and dmPFC from this prior study that included 

young adults as our a priori regions of interest. This allowed us to perform hypothesis-driven 

analyses with more power than in exploratory whole-brain analyses (Poldrack, 2007). Based on 

previous studies, we expected to find enhanced activation in these regions during outcomes for 

others than during outcomes for self, and we hypothesized that this activation would be more 

pronounced with higher levels of relationships closeness (Braams, Peters, et al., 2014; Güroǧlu et al., 

2008). We also included a measure of parenting style with the aim to be able to distinguish between 

effects of relationship closeness and parenting style. Importantly, given the small sample size in our 

study (N = 20), the results of these tests for individual differences were meant to be exploratory and 

hypothesis generating, and should be interpreted with this goal in mind. 

 

5.2 Methods 

Participants and procedure 

Twenty-three female participants between 41 and 55 years of age participated in this study 

(M = 48.17 years, SD = 4.33). One participant decided to opt out of the fMRI part of the study and 

was not included in further analyses. After image quality control, two additional participants were 

excluded from analyses due to significant signal dropout. Thus, the final sample consisted of twenty 

female participants between 41 and 55 years of age (M = 46.80, SD = 4.14). All participants were 

mothers of children (boys and girls) aged between 13 and 16 years, who were participating in a 

longitudinal neuroimaging study on adolescent brain development (the Braintime study, see 

(Braams & Crone, 2017)) and in which they performed the same gambling task as reported here. 

The study and its procedures (protocol NL34234.058.10) were approved by the ethical commission 

board of the local university medical center. Written informed consent was obtained from all 

participants on the day of the study. All participants were right-handed and had normal or 

corrected-to-normal vision (through contact lenses or a set of plastic glasses with adjustable 

dioptric). Participants were screened for MRI contra-indications and for (history of) neurological 
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and / or psychiatric disorders on three separate occasions (once by phone, once by e-mail and once 

in person, on the testing-day). All anatomical MRI scans were reviewed by a radiologist. No 

anomalous findings were reported.  

  Prior to the testing day, participants filled out online questionnaires from their homes. At 

the beginning of the FQS questionnaire, participants were asked to nominate their best friend and to 

fill out the FQS with that friend in mind. The instructions stressed that the nominee had to be a 

same-sex friend who was not a family member. Nominated friends were not required to attend the 

scanning session with the participant. 

  On the testing day, participants were first informed of the study and its procedures, and had 

the opportunity to (re-)read all detailed study information and to ask questions. Then, after signing 

the informed consent form, participants shortly practiced the gambling task on a laptop. Next, 

participants filled out an MRI-checklist to clear them for MRI scanning. Then, we confirmed with the 

participants on the day of the scanning session that their nominated best friend was a female (same-

sex) non family member. If this was not the case, we asked them to nominate a new friend and fill 

out the FQS again for this friend. Next, the scanning session took place. In addition to the gambling 

task described in this paper, our scanning protocol consisted of a calibration scan, a resting state 

scan, a T1 structural scan and diffusion tensor imaging. The entire scanning session lasted 

approximately 40 minutes. After the scanning session, participants filled out the exit interview 

questionnaire and the IOS (Inclusion of Other in Self scale). The other questionnaires were filled out 

through an online survey emailed to the participants a week before the testing day. Finally, 

participants completed two subscales (similarities and block patterns) of the WAIS (Wechsler Adult 

Intelligence Scale). All participants received a brain-shaped flash drive, a €30 recompense for 

participation, and €3 extra won in the gambling task either for themselves, for their child or for 

their best friend. 

 

Materials 

Gambling task. In order to investigate responses to winning and losing for self, best 

friend and child, participants performed a gambling task (Braams & Crone, 2017; Braams, 

Peters, et al., 2014; Braams, van Duijvenvoorde, Peper, & Crone, 2015; Braams, van 

Leijenhorst, & Crone, 2014) in which they could repeatedly win or lose money by predicting 
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whether a “coin flip” (with 50/50 odds to win or lose) made by the computer would land 

heads or tails. If participants correctly predicted the outcome, they won or lost the number 

of coins that was displayed on the screen for that particular trial. There were three possible 

variations to make the task more engaging: 1) the possibility to win 5 or lose 2 coins; 2) the 

possibility to win 3 or lose 3 coins and; 3) the possibility to lose 5 or win 2 coins. We 

collapsed across these trial types in the analyses. Participants played the gambling task for 

three different targets; for themselves (30 trials), for their best friend (30 trials), and for 

their child (30 trials), see Fig 1.  

 

Figure 1. Example trial of the ‘self’ condition. First, participants were informed for whom they would be 

gambling (self, best friend, or child), and the number of coins that they could win or lose for the respective target. 

On this screen, participants then chose heads or tails with a left or right button press. After a fixation phase, 

participants received feedback (gain or loss) about the number of coins that was won or lost for the respective 

target.  

Participants completed 90 trials (30 trials for each condition) in two separate fMRI runs, 

with a short break in between. Each trial lasted 6500 ms with a variable inter-trial interval (jitter) of 

1000-13200 ms. The task lasted approximately 13 minutes, excluding the break. We used an event-

related design, with jitter durations and trial sequences that were optimized with the program 

OptSeq2 (Dale, 1999); see also (http:// surfer.nmr.mgh.harvard.edu/optseq/). Heads-choices were 

indicated by a left button press made with the right index finger; tails-choices were indicated by a 

right button press made with the right middle finger. Participants were told that at the end of the 
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task one of the trials in the game would be selected at random, and that the target of the selected 

trial would be paid out the amount of money they won during the game. In actuality, 50% of 

participants received the pay-out for their best friend and 50% of participants received the pay-out 

for their child; the money paid was always a fixed amount of € 3.  

Gambling Task Exit Interviews. To assess indices of social connection, participants 

were asked after the scanning session how much they liked winning and losing for themselves, their 

best friend and their child. In addition, the participants were asked if they believed their best friend 

and child deserved to win. On all these eight questions, responses were given on a Likert-type scale 

ranging from 1 ‘not at all’ to 10 ‘very much’.  

Relationship Closeness. As an additional measure of closeness of the relationships 

between both the participant and her best friend, as well as between the participant and her 

adolescent child, we used the Inclusion of Other in Self Scale (IOS) (Aron, Aron, & Smollan, 1992). 

The IOS is a one-item scale on which participants indicate their perceived closeness to another 

person by selecting one of 7 Venn diagrams with two circles. One of the circles represents the self, 

and the other represents the other (friend or child). The degree of overlap of the two circles, ranging 

from 1 (fully separated) to 7 (fully overlapping) provides an index of relationship closeness.  

Friendship Quality. In order to measure the relationship quality between mother and 

friend, participants completed the Friendship Quality Scale (FQS) (Bukowski, Hoza, & Boivin, 1994) 

before performing the gambling task. The FQS consists of twenty-nine items assessing both positive 

(eighteen items) and negative (eleven items) friendship quality. An example of a positive quality 

item is “When I do something well, she is happy for me”; an example of negative quality item is 

“Sometimes it seems I care more about our friendship than she does”. Participants rated the validity 

of these statements for their friendship on a five-point Likert? scale ranging from 1 (not true at all) 

to 5 (very true). The internal consistency of the scale in the current sample (with negative items 

recoded) was high (Cronbach’s α = .95). For our data analysis, we split the Friendship Quality Scale 

into two variables: one reflecting average positive friendship quality, and one reflecting average 

negative friendship quality. 

Parenting Style. To assess their ratings of their own parenting styles, which was 

included as a control variable, mothers filled out the parent-report version of the EMBU (Egna 

Minnen av Barndoms Uppfostran – Own memories of child’s upbringing; (Perris, Jacobsson, 
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Linndström, von Knorring, & Perris, 1980) specifically a Dutch translation of the 24-item version of 

the EMBU-P that has been shown to have excellent validity in an adolescent sample (Aluja, Del 

Barrio, & García, 2006). This version of the EMBU-P consists of three subscales; emotional warmth, 

rejection, and overprotection. An example item of the emotional warmth subscale is “You respect 

your child’s opinions”. An example item of the rejection subscale is “You punish your child even for 

small offences”. An example item of the overprotection subscale is “When your child comes back 

home, he/she always has to account for what he/she has been doing”. Responses were given on a 

Likert-type scale ranging from 1 to 4 (1 = never, 2 = sometimes, 3 = often, 4 = almost always). 

MRI data acquisition.  

MRI data were collected using a Philips 3.0 Tesla scanner with a standard eight channel 

whole-head coil using non-parallel image techniques. For functional MRI scans, we used T2*- 

weighted Echo-Planar Imaging (TR = 2.2s, TE = 30 ms, FOV: 220 mm, 80 x 80 matrix, 2.75 mm in-

plane resolution). Functional scans consisted of 2 runs with 175 and 169 volumes respectively. 

Participants were able to see a screen on which the task was projected through a mirror attached to 

the coil. In addition to fMRI sequences, we collected structural images for anatomical reference 

(high resolution 3D T1-weigthed), TR = 9.751 ms, TE = 4.59 ms, FOV = 224 x 168 x 177 mm. 

Participants’ head movements were restricted by using foam cushions inserts. 

MRI data analysis  

Preprocessing. We used SPM8 (Statistical Parametric Mapping; Wellcome Trust Centre 

for Neuroimaging, London, UK) to preprocess and analyze MRI data. During preprocessing, we first 

corrected all images for motion and slice timing acquisition, followed by registering the functional 

images to the individual anatomical image, after which we spatially normalized the functional scans 

to T1 templates (brain and non-brain tissue were not segmented) which were based on the MNI305 

stereotaxic space (Cocosco, Kollokian, Kwan, & Evans, 1997). Then, all volumes were resampled to 

voxels of 3x3x3 mm. Finally, we used a 6 mm full width half maximum isotropic Gaussian kernel to 

spatially smooth the data.  

fMRI-Analysis. To calculate the relevant contrasts, we modeled the fMRI time series 

convolved with the hemodynamic response function (HRF) with events that corresponded to the 

stimulus (i.e. when participants were shown the target and the number of coins on stake for the 
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current trial) and outcome phases of a trial (i.e. when feedback about the amount won or lost was 

given). The time series were modeled as a zero-duration function at stimulus onset, and for the full 

duration of the outcome (1500 ms). Trials with no response from the participants were modeled 

separately as invalid trials, and were not included in further contrasts. This occurred in 0.3% of the 

trials.  

The modeled events were added as regressors in a general linear model, along with a basic 

set of cosine functions that high-pass filtered the data (with a high pass-cutoff of 120 seconds) and a 

covariate for run effects. Based on the image realignment process, individual head jerks (> 1 mm 

displacement) were identified and—together with the six motion parameters—included as 

nuisance variables in every first-level design matrix (Lemieux, Salek-Haddadi, Lund, Laufs, & 

Carmichael, 2007) to account for the effects of excessive head motion. The least squares parameter 

estimates of height of the best-fitting canonical HRF for each condition were used in pairwise 

contrasts. 

fMRI Region-of-Interest Analysis. We focused our analyses on four pre-defined ROIs 

(NAcc, left TPJ, precuneus, and dmPFC) that were shown to be involved in reward processing of 

personal and vicarious rewards in the same gambling task in previous research (Braams, Güroǧlu, et 

al., 2014). We used the Marsbar toolbox in SPM for extracting activation parameters from the 

regions of interest (Brett, Anton, Valabregue, & Poline, 2002).  

We used a bilateral predefined anatomical NAcc mask (total volume 1408 mm³) that was 

extracted from the Harvard-Oxford subcortical atlas and thresholded at 40%. The mask consisted of 

28 voxels for the left NAcc (coordinates left: x = -9.57, y = 11.70, z = -7.10) and of 26 voxels for the 

right NAcc (coordinates right: x = 9.45, y = 12.60, z = -6.69). The final analyses were performed 

collapsed across left and right NAcc. The masks for the left TPJ, precuneus, and dmPFC were based 

on the regions found to be selectively involved when playing for others rather than for self (Braams, 

Güroǧlu, et al., 2014). Therefore, spheres with an 8 mm radius around the peak level of activation as 

reported in Braams et al. (2014) were defined as regions of interest in the current study (TPJ: x = -

48, y = -63, z = 39; precuneus: x = -3, y = -60, z = 33; dmPFC: x = -9, y = 51, z = 36).  

Brain Behavior Correlations. To assess whether the brain activity patterns were 

related to the behavioral measures, we related activation in our predefined ROIs to 1) the extent to 

which mothers indicated to like winning for self, friend and child, and 2) the extent to which 

mothers believed their friends or children deserved to win, and 3) relationship closeness, as 
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indicated on the IOS scales, and 4) parenting style as measured by the EMBU-P. For the NAcc ROI we 

computed a win-lose difference score of activation levels for each target. Since we did not expect 

differences between activation for wins and losses for the precuneus, dmPFC and left TPJ ROIs. 

Therefore,In addition, for the precuneus, dmPFC and left TPJ, we computed the difference scores 

between we computed difference scores for outcomes for friend versus outcomes for self (friend – 

self), and outcomes for child versus outcomes for self (child – self) that were collapsed across wins 

and losses., both averaged across win and loss. Thus, the first set of difference scores (for the NAcc) 

reflected the relative value of outcomes for each target, and the second set of difference scores (for 

the precuneus, dmPFC and left TPJ) reflected activation that was stronger in thinking about 

outcomes for friend or child than when thinking about own outcomes, regardless of outcome-

valence. 

5.3 Results 

Self-report data 

Descriptive statistics. Descriptive statistics for each of the subscales of the parenting 

scale (EMBU; possible values 1 - 4) and the FQS (possible values 1 - 5) are presented in Table 1.  

Table 1. Descriptive statistics of the EMBU and FQS questionnaire subscales. Minimum and maximum values, 

means (M), standard errors (SE) and standard deviations (SD) are displayed. 

Subscale Min. Max. M SE SD 

EMBU Emotional Warmth 2.63 4.00 3.58 .08 .34 

EMBU Overprotection 1.25 2.63 1.87 .08 .34 

EMBU Rejection 1.00 1.88 1.29 .06 .25 

Negative Friendship Quality 1.00 2.36 1.30 .08 .34 

Positive Friendship Quality 1.00 4.89 3.95 .25 1.13 

 

Inclusion of other in self-scale & exit interview variables. On the IOS, mothers 

indicated that the relationship with their child (M = 5.15, SD = .38) was significantly closer than with 
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their best friend (M = 3.85, SD = .38) (scale 1-7, with 7 referring to closest connection), as revealed 

by a two-tailed independent samples t-test (t(19) = 4.95, p < .001). 

Next, we performed one-way repeated-measures ANOVAs to compare the effect of Target on 

winning enjoyment (3 levels: “Self-Win enjoyment”, “Friend-Win enjoyment”, and “Child-Win 

enjoyment”). There was a significant main effect of Target (F(1.41, 26.83) = 25.35, p < 0.001). 

Subsequent pairwise comparisons for enjoyment ratings resulted in significantly higher ratings for 

Child (M = 8.65, SD = 1.66) compared to Self (M = 6.5, SD = 1.47) (t(19) = 5.57, p < .001), and higher 

ratings for Friend (M = 7.25, SD = .29) compared to Self (t(19) = 2.52, , p < .001). In addition, ratings 

were significantly higher for Child than for Friend (t(19) = 6.67, p <.001). Finally, a paired sample t-

test for deserving to win scores (“Friend deserved win” and “Child deserved win”) revealed that 

mothers indicated that their children deserved to win more than their best friends (paired t-test, 

one-tailed, t(19) = 1.99, p = .03).  

Table 2 shows the correlations between the exit interview self-report variables. There were 

significant correlations between “Self-win enjoyment” and “Friend-win enjoyment”, between 

“Friend-win enjoyment” and “Child-win enjoyment”, and between “Friend deserved win” and “Child 

deserved win”. In addition, there was a significant correlation between “Inclusion of friend in self” 

and “Inclusion of child in self”, as measured with the IOS.  

 

Table 2. Correlations between exit interview variables and Inclusion of Other in Self 

Variable 1. 2. 3. 4. 5. 6. 

1. Self-win enjoyment _      

2. Friend-win enjoyment .54* _     

3. Friend deserved win -.27 .28 _    

4. Inclusion of friend in self .18 .35 -.02 _   

5. Child-win enjoyment .40 .83* .29 .28 _  

6. Child deserved win -.13 .27 .64* -.08 .36 _ 

7. Inclusion of child in self .43 .38 -.10 .76* .39 .13 

* Correlation is significant at the 0.01 level (two-tailed) 
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3.2. Regions of interest activation during gambling task 

To test the roles of activation in our predefined regions of interest for winning and losing for 

different targets and outcomes, we performed 3 (Target: Self, Friend, Child) x 2 (Outcome: Win, 

Loss) repeated-measures ANOVAs for each of the 4 ROIs. 

3.2.1. NAcc. The ANOVA for NAcc resulted in a main effect of Outcome (F(1,19) = 39.40, p < 

.001), but no main effect of Target or interaction effect with Target. As can be seen in Fig 2A, NAcc 

activation was higher for Wins than for Losses for all targets (Self, Friend and Child).  

 

Figure 2. Activation in all contrasts versus fixation for ROIs in the NAcc (A), Precuneus (B), dmPFC (C) and left 

TPJ (D). Differences flagged with * and ** are significant with respective alphas 0.05 and 0.01. All activities are 

presented relative to the jittered inter-trial fixation baseline. 

Precuneus. The ANOVA for the precuneus resulted in a main effect of Outcome (F(1,19) = 

44.83, p < .001), and a main effect of Target (F(2,38) = 66.55, p < .001), but no Target x Outcome 

interaction. As can be seen in Fig 2B, Wins resulted in more activity than Losses, and post hoc paired 
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comparisons revealed that outcomes for Friend and Child resulted in more activity in the precuneus 

than outcomes for Self (t(19) = 4.30, p < 0.001 and t(19) = 5.92, p < 0.001). Friend and Child did not 

differ from each other (t(19) = 1.26, p = .22). 

dmPFC. The ANOVA for the dmPFC resulted in a main effect of Outcome (F(1,19) = 12.07, p 

< .05) and a main effect of Target (F(2,38) = 3.91, p < .05). There was no significant interaction 

between Outcome and Target. As can be seen in Fig 2C, Wins resulted in more activity than Losses. 

Pairwise comparisons showed that activations related to both Friend and Child were stronger than 

activations related to Self (respectively t(19) = 4.25, p < .001 and t(19) = 3.51, p < .01), but Friend 

and Child did not differ from each other (t(19) = 1.74, p = .10). 

TPJ. The ANOVA for left TPJ resulted in non-significant main effects of Outcome (F(1,19) = 

9.92, p = 0.05) and Target (F(2,38) = 12.58, p = 0.06) (see Fig 2D). Although these effects were not 

statistically significant, both effects were very close to significance and were found in the expected 

direction. There was no significant interaction effect (p = .35). 

Brain-behavior correlations 

Correlations with enjoyment and deserving ratings. First, we investigated 

correlations between the Win-Lose contrast for NAcc for each target, and a difference score of the 

win-lose enjoyment exit questions for each target. There was a significant correlation between the 

activation in the Win-Lose contrast for Self and the difference score for win-lose enjoyment exit 

question for Self (r = .516, p < 0.05). Neither of the correlations between activation in this contrast 

and the win-lose enjoyment exit questionnaires for Child and Friend were significant (p = .178 and p 

= .135, respectively). 

Next, we investigated correlations between activation in Friend-Self and Child-Self contrasts 

in TPJ, dmPFC and precuneus, and winning enjoyment. These analyses were performed based on 

general target activation, collapsed across Win and Loss outcomes. For this purpose, we computed 

the difference scores Friend-Self and Child-Self for neural activity, and the difference scores Friend-

Self winning enjoyment and Child-Self winning enjoyment for the exit questionnaire items.  

Activation in the TPJ for the Friend-Self contrast was significantly positively correlated with 

the difference score Friend-Self winning enjoyment, r = .443 p < .05 (one-tailed). A similar pattern 

was found for the Child-Self contrast. That is, activation in the TPJ for the Child-Self contrast was 
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significantly positively correlated with the difference scores between Child-Self winning enjoyment, 

r = .396 p < .05 (one-tailed). There were no other significant correlations between the win-lose 

difference scores and activation in the Friend-Self or Child-self contrasts (p-values ranged between 

.055 and .950).  

The same analyses were performed for the exit question “deserves to win” for Friend and 

Child respectively. Results showed that activation in TPJ for the FriendWin-SelfWin contrast was 

positively correlated with the “Friend deserves to win” variable, r = .522 p < .01 (one-tailed) (see Fig 

3A). These findings indicate that the more participants reported that they thought their friend 

deserved to win, the more TPJ activation was found in friend-trials compared to self-trials 

(irrespective of outcome). Similar to the friend condition, we found significant positive correlations 

between activation in precuneus (Fig 3B), dmPFC (Fig 3C), and TPJ (Fig 3D), in the contrast Child-

Self and the “Child deserved to win” variable (precuneus: r = .405 p < .05; dmPFC: r = .466, p < .05; 

TPJ: r = .602, p < .01). That is, the more participants indicated that their child deserved to win, the 

more activation was found in the TPJ, the precuneus, and in the dmPFC during child-trials compared 

to during self-trials.  
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Figure 3. A) A difference score of activation in TPJ in the FriendWin – SelfWin contrast is plotted on the y-axis. 

The degree to which participants indicated that their friend deserved to win is plotted on the x-axis. B-C-D) 

Difference scores of activation in Precuneus (B), dmPFC (C) and TPJ (D) in the ChildWin – SelfWin contrasts is 

plotted on the y-axes. The degree to which a participant indicated that their child deserved to win is plotted on 

the x-axes. 

Correlations with Inclusion of Other in Self and Parenting Style. Another set 

of correlations was computed between the ROI contrasts for Self-Friend and Self-Child, and 

Inclusion of friend and child in self. There were no significant correlations (p-values ranged between 

.160 and .854). 

Correlations with Parenting Style. Finally, we computed correlations between the 

ROI contrasts for Self-Friend and EMBU-P subscales. There were no significant correlations (p-

values ranged between .056 and .459). 

 

5.4 Discussion 

The goal of this study was to examine how mothers process vicarious winning for their 

adolescent children in terms of behavioral ratings and neural measures. For this purpose, we 

compared responses to gaining monetary rewards for self, and vicarious gaining of monetary 

rewards for adolescent children using a previously validated vicarious gambling task (Braams, 

Peters, et al., 2014). To examine responses for other, egalitarian close relations, we also included a 

best friend condition (Braams & Crone, 2017). The study resulted in several important findings. 

First, mothers felt closer to their adolescent children than to their best friends, and felt that their 

children deserved to win more than their friends. Furthermore, they experienced winning for their 

children as more pleasurable than winning for their friend, and winning for friends was experienced 

as more pleasurable than winning for self, possibly reflecting general prosocial tendencies. 

Interestingly, participants showed similar NAcc responses when winning for themselves, their 

friends and their adolescent children. Individual differences were most apparent in social brain 

regions, where it was found that the more mothers indicated that their adolescent children 

deserved to win, the stronger the activation was in dmPFC, TPJ and precuneus when playing for 

their children. The discussion is organized according to the neuroimaging findings. 
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Vicarious rewards in NAcc 

Prior studies have demonstrated the importance of the ventral striatum when gaining for self 

and others (Liu et al., 2011; Sescousse et al., 2013). A meta-analysis revealed that the striatum is 

generally more active when we gain for ourselves relative to others, suggesting that the ventral 

striatum represents a basic self-relevant reward value (Haber & Knutson, 2010; Sescousse et al., 

2013). Vicarious reward responses in the ventral striatum, however, are dependent on the 

beneficiary, and have only been observed in vicarious gaining for close relations (Fareri et al., 2012; 

Morelli et al., 2015). Mothers in the current study indicated by self-report that they enjoyed winning 

for friends and adolescent children more than for themselves. However, winning vicarious rewards 

for close others (friends and adolescent children) resulted in similar NAcc activation as personal 

rewards. These findings highlight the importance of closeness in experiencing vicarious rewards, 

given that prior studies suggested that NAcc only responds to personal rewards for close others and 

not for distant others (Braams, van Leijenhorst, et al., 2014; Morelli et al., 2015). There was no 

evidence for stronger activity for vicarious rewards for children than for self (as was suggested by 

the self-report outcomes). It might have been the case that the self-report measures used to gauge 

winning enjoyment were more biased by social norms than the neural responses, though future 

research using larger samples is necessary to investigate this finding more thoroughly.  

Social brain activity 

An additional question that was addressed was the role of social brain regions, specifically 

dmPFC, left TPJ and precuneus, when receiving outcomes for self and others. The current findings 

are consistent with prior research showing that regions within the social brain network are more 

active when receiving outcomes for others (friends and children) compared to receiving outcomes 

for themselves (Braams, van Leijenhorst, et al., 2014; Morelli et al., 2015). Even though in general 

these regions were more engaged for winning than losing, there was no interaction with target, 

suggesting that these regions generally process outcomes for close others. Most mothers reported 

that they enjoyed winning for their friends and children and that they believed their friends and 

children deserved to win (here referred to as social closeness), but there were also individual 

differences in the extent of social closeness. Interestingly, TPJ activation levels, when receiving 

outcomes for friends and children, were consistently related to reported enjoyment when winning 

for others. Mothers who enjoyed to win for friends more (relative to self) showed more activity in 
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TPJ when playing for friends (relative to self), and mothers who enjoyed to win for their children 

more (relative to self), also showed more activity in TPJ when playing for their children (relative to 

self). Since previous studies have underlined the importance of the TPJ in mentalizing processes 

(Burnett et al., 2009; Güroğlu, van den Bos, van Dijk, Rombouts, & Crone, 2011), these patterns of 

activation in the current study could reflect heightened engagement in mentalizing as a function of 

social connection to the target for whom they were playing.  

 The larger network of dmPFC, precuneus and TPJ was related to individual differences in 

whether mothers thought that their adolescent children deserved to win. Mothers who indicated 

that they thought their child deserved to win showed stronger activity in these three regions when 

playing for their child relative to playing for themselves. Previous studies have suggested that 

socially warm exchanges may be associated with neural responses when gaining for others (Inagaki 

& Eisenberger, 2012). Moreover, activity in social brain regions is associated with social bonds with 

friends in adolescence, especially with whether the adolescent thinks the friend deserves to win 

(Braams & Crone, 2016). The current findings confirm that similar relations are observed for 

mothers. Interestingly, the relation between whether the mother thought that their child deserved 

to win and the enjoyment mothers experience when winning for their child was only moderately 

strong, possibly indicating that enjoyment and deserving represent separate processes. Future 

research should test this question in more detail, but possibly the question whether the child 

deserves to win reflects a process that is engaging the social brain network more generally (Frith & 

Frith, 2003b; Lieberman & Eisenberger, 2009).  

 

Limitations 

This study has several limitations. First, the sample size of this study is small (n = 20). For this 

reason, we tested specific hypotheses in a priori defined regions of interest that were based on a 

separate study that used a similar paradigm and did not rely on exploratory whole brain analyses. 

As a consequence of the small sample size, the tests for individual differences should be interpreted 

with caution and with the goal to be exploratory and hypothesis generating. Future studies are 

needed to confirm these findings in larger sample sizes. Second, the inclusion of mothers occurred 

two years after the inclusion of the children, which limits the possibility to test for direct mother-

child neural synchrony. Third, the current paradigm included only win and lose trials, without a no-

win baseline. Future studies should include this baseline to test for relations with ventral striatum 
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activity in more detail. Finally, in the current design, it is not possible in the IOS (inclusion of other 

in self) scale to distinguish whether stronger relations with children or best friends found between 

individuals are the result of individual differences in a general tendency to feel closer to others or 

due to individual differences in relationship closeness to child / best friend. Because the IOS lacks a 

baseline, we cannot distinguish participants who generally feel closer or more distant to others. 

Future designs using the IOS benefit from including a ‘stranger’ item, to obtain a reference point of 

how close participants feel to others in general. 

Conclusions 

 Taken together, this is a first study to explore the possibility to examine vicarious reward 

processing in mothers when gaining vicarious rewards for their adolescent child and a close other 

with whom they have an egalitarian relationship (i.e., their best friend). The study confirmed that 

the ventral striatum is involved in gaining for self as well as for close others (Morelli et al., 2015). 

Furthermore, the social closeness to the child, here measured bythe IOS, winning enjoyment and by 

whether the child deserves to win, is related to activity in the social brain network (dmPFC, 

precuneus and TPJ) (Burnett et al., 2009). This study opens several new avenues for future research, 

such as examining the extent to which adolescents and parents show similar neural activity when 

gaining for each other, which may be a reflection of relationship strength (Mobbs et al., 2009). The 

individual difference measures should be interpreted as exploratory, but they provide several 

intriguing hypotheses about how neuroimaging methods can inform us on mother-child 

relationships.  
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CHAPTER 6 

Turning a blind eye? Punishment of friends and 

unfamiliar peers after observed exclusion in 

adolescence. 
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Summary 

In order to decrease the occurrence of social exclusion in adolescence, we need to better understand 

how adolescents perceive and behave towards peers involved in exclusion. We examined the role of 

friendships in treatment of perpetrators and victims of social exclusion. Eighty-nine participants 

(aged 9-16) observed exclusion of an unfamiliar peer (victim) by their best friend and another 

unfamiliar peer. Subsequently, participants could give up valuable coins to altruistically punish or 

help peers. Results showed that participants altruistically compensated victims and punished 

unfamiliar excluders, but refrained from punishing their friends. Our findings show that friendship 

with excluders modulates altruistic punishment of peers and provide mechanistic insight into how 

friendships may influence treatment of peers involved in social exclusion during adolescence.   
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6.1. Introduction  

One of the prime human needs is the need to belong, characterized by the tendency to seek 

out, form and maintain strong relationships with others (Baumeister & Leary, 1995). Social 

rejection, which thwarts this fundamental need to belong, is a common threat, ranging from a 

prevalence of 15% to 50% across countries (Molcho et al., 2009; Wang, Iannotti, & Nansel, 2009). 

Two often identified forms of social rejection are bullying (characterized by an excessive amount of 

negative attention given to a victim, for instance in the form of hitting or name calling) and social 

exclusion (characterized by a complete absence of attention given to a victim, for instance by 

ignoring, or not allowing to join in play). Both forms of social rejection have extensive negative 

consequences for the victim, where victimization has been linked to negative health outcomes 

(Giletta et al., 2017) and a decreased sense of well-being (Gorrese & Ruggieri, 2012; Juvonen, 

Nishina, & Graham, 2000; O’Brien & Bierman, 1988; for a review on the effects of social exclusion, 

see Williams, 2007; for a review on the effects of bullying; Wolke & Lereya, 2015).  

Prevention of bullying and social exclusion in adolescence is an important issue, considering 

the high prevalence of social exclusion during childhood and adolescence (Craig & Harel, 2004; 

Jansen et al., 2012; Molcho et al., 2009) and negative consequences of social exclusion for victims 

(Isaacs, Hodges, & Salmivalli, 2008), witnesses (Nishina & Juvonen, 2005), and bullies (Nansel et al., 

2004). Moreover, the majority of social exclusion takes place in the presence of peers (Atlas & 

Pepler, 1998). Research has indicated that besides the perpetrator and the victim, the larger peer 

group is often involved in bullying or social exclusion incidents (Salmivalli, 2010). Peers involved in 

social exclusion can often be classified by different participant roles such as assistants of excluders, 

reinforcers of excluders, outsiders, and defenders of victims (Salmivalli, Lagerspetz, Björkqvist, 

Österman, & Kaukiainen, 1996). Perceptions of the peer group about bullying and exclusion affect 

the frequency of these behaviors. For instance, increased support and reinforcement of bullies 

increase bullying in the peer group whereas higher levels of support for the victim decrease bullying 

(Faris & Ennett, 2012; Salmivalli, Voeten, & Poskiparta, 2011). In a similar vein, a recent large-scale 

field study showed that interventions aimed at changing perceptions in the peer group can 

effectively reduce overall levels of conflict in schools (Paluck, Shepherd, & Aronow, 2016). One of 

the key motivations behind bullying is a possible increase in status for the bullies (Caravita & 

Cillessen, 2012; Juvonen & Galvan, 2008; Pouwels et al., 2017; Pellegrini & Long, 2002; Salmivalli & 

Peets, 2009; Sijtsema, Veenstra, Lindenberg, & Salmivalli, 2009). Considering the key role peers 

have in stopping or maintaining bullying, a bully’s pursuit of status in the peer group may be more 
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successful in peer groups with more positive perceptions of bullies. Moreover, friendship with the 

perpetrators of social exclusion (i.e., the excluders) might influence the degree to which excluders 

are supported or punished in real-life social exclusion situations. Such support or punishment 

behavior is likely to determine whether or not social exclusion perseveres over time.  

Over the last decade, a large number of experimental studies have examined social exclusion 

using the experimental paradigm Cyberball, a virtual ball-tossing game in which one player is 

typically excluded by two other players (Williams, Cheung, & Choi, 2000). In these studies, Cyberball 

has been shown to have robust negative effects on mood and need satisfaction of victims of 

exclusion across the lifespan (Lustenberger & Jagacinski, 2010; Williams, 2007, for a recent meta-

analysis of Cyberball studies, see Hartgerink, Van Beest, Wicherts, & Williams, 2015). In addition, it 

has been shown that merely observing social exclusion is associated with similar negative 

consequences on mood (Beeney, Franklin, Levy, & Adams, 2011; Nishina & Juvonen, 2005; 

Wesselmann, Bagg, & Williams, 2009), which holds across a broad age range between 9 and 22 

(Will, Crone, Van den Bos, & Güroğlu, 2013). 

Recently, several studies have experimentally examined the behavioral consequences of 

exclusion on subsequent social interactions using monetary allocation games that aimed to 

investigate behavior after exclusion. In such allocation games participants typically divide valuable 

units (e.g., coins) between themselves and at least one other player. These games are highly suitable 

and efficient in assessing punishment and compensation behavior under different conditions (Will & 

Güroğlu, 2016). Findings show that victims of exclusion typically punish bullies (i.e., initiators of 

social exclusion) (Gunther Moor et al., 2012), even when punishment is costly (Will, Crone, & 

Güroğlu, 2015). A similar effect on punishment of bullies has also been shown in experiments of 

observed exclusion: individuals who observe social exclusion of others tend to punish the bullies, 

also referred to as ‘third-party punishment’. Furthermore, they also help victims of exclusion when 

it is costly (Will et al., 2013) or show prosocial behavior towards the victims in the form of helping 

and comforting (Masten, Eisenberger, Pfeifer, & Dapretto, 2010). A developmental study has further 

shown that punishment of bullies and compensation of victims increases with age across 

adolescence and is related to the developing ability to take another person’s perspective (Will et al., 

2013).  

The majority of studies on effects of being excluded or observing exclusion has examined 

interactions with unfamiliar others. Given the high impact of different roles of peers in social 

exclusion situations (Salmivalli, 2010), it is highly likely that existing relationships (such as 
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friendships) with excluders and victims will influence how peers witnessing exclusion will treat 

these excluders and victims. For example, a positive relationship with a bully might lead a witness to 

turn a blind eye. One study in young adults showed that participants punished unfamiliar excluders 

more than they did familiar excluders (i.e., classmates), especially when they liked the familiar 

excluder more than they liked the victim (Güroǧlu, Will, & Klapwijk, 2013). This finding shows that 

existing peer relationships in adults influence how individuals treat excluders and victims upon 

witnessing social exclusion. However, it is unknown how differential treatment of excluders 

depending on existing friendships develops across adolescence, which is a developmental period 

during which friendships are known to become increasingly important for well-being (Berndt, 

1992; Larson & Richards, 1991; Larson, Richards, Moneta, Holmbeck, & Duckett, 1996). The goal of 

the current study was to fill this gap in the literature by investigating how friendship modulates 

behavioral responses to social exclusion across late childhood and adolescence. We specifically 

examined how witnesses of social exclusion treat perpetrators depending on whether the 

perpetrator is their friend or an unknown peer. 

Children and adolescents (aged 9 to 16) were invited to the current study with their best friend and 

first played one round of Cyberball and subsequently observed two rounds of Cyberball (see Figure 

1 for an overview of the experimental procedure). All Cyberball rounds involved other players who 

were unfamiliar to the participants, except for their best friend who was depicted as an excluder 

(i.e., bully) in the third Cyberball round. By using one-shot monetary allocation games in between 

the Cyberball rounds, we examined how participants treated peers with different roles in social 

exclusion (i.e., includers, excluders, and victims). In order to investigate both non-costly and costly 

punishment, we included two different allocation games (games in which participants divide 

valuable units between themselves and another player), namely, the Dictator Game to assess non-

costly punishment and the Altruistic Punishment/Compensation Game to assess costly punishment. 

Of specific interest was the third round of Cyberball, in which we examined treatment of an 

unfamiliar victim, an unfamiliar excluder and an excluder who was the participant’s best friend. 

Based on prior findings, we expected participants to show decreases in mood upon observing 

exclusion (Wesselmann, Williams, & Hales, 2013). In line with previous studies, we also expected 

participants to punish perpetrators of social exclusion and compensate victims by allocating more 

coins to them (Will et al., 2013). We further hypothesized that there would be an age-related 

increase in both punishment and compensation behavior based on findings showing that with 

increasing age adolescents get consistently better at integrating information about the social 

context (Güroğlu, Bos, & Crone, 2014; Overgaauw, Güroğlu, & Crone, 2012), interaction partners 
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(Güroğlu, van den Bos, van Dijk, Rombouts, & Crone, 2011; Overgaauw et al., 2012), and their 

intentions (Güroğlu, van den Bos, & Crone, 2009) when making decisions. This age-related increase 

in punishment behavior was expected for the unfamiliar excluder.  

 

 

Figure 1. Experimental procedure where the participants 1) first rated their own mood and played the Dictator 

Game (DG) for all confederates (1 to 7) and their friend, then participated in 2) a Cyberball inclusion game with 

two confederates (confederate 1 and 2), followed by a second round of self-mood ratings, mood estimations of 

other players and the Dictator Game for confederates 1 and 2. Then, 3) participants observed Cyberball inclusion 

of three confederates (confederates 3-5), followed by rating their mood, their intentions to punish/help these 

players, by estimating the mood of the other players, and by playing the Dictator Game and the Altruistic 

Punishment/Compensation Game (APCG) for them. Next, 4) participants observed their best friend and a 

confederate (confederate 6) exclude a third confederate (the victim, confederate 7), followed again by rating 

their mood and their intentions to punish/help these players, by estimating the mood of other players and by 

playing the Dictator Game and Altruistic Punishment/Compensation Game for them. Finally, at the end of the 

experimental session, 5) participants filled out several exit questionnaires. 

 

Furthermore, we expected a contextual influence, reflected in differential treatment of 

excluders such that participants would punish unfamiliar excluders more severely than excluders 

who are their friends (Güroǧlu et al., 2013). Since literature points to early- to mid-adolescence as a 

period of increased sensitivity for the peer group and friendships (Braams, van Leijenhorst, & 

Crone, 2014; Knoll, Leung, Foulkes, & Blakemore, 2017; Knoll, Magis-Weinberg, Speekenbrink, & 

Blakemore, 2015; Van Hoorn, Van Dijk, Güroğlu, & Crone, 2016), we hypothesized that early and 

mid-adolescents would differentiate between unfamiliar and friend excluders by punishing friends 

less than unfamiliar excluders whereas pre-adolescents would treat friend and unfamiliar excluders 

in similar ways. 

6.2. Methods 
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Participants and procedure 

 Eighty-nine participants from three age groups were recruited through advertisements and 

media. The sample included 23 9-to-11-year-olds (Mage = 10.45, SDage = 1.41, 12 girls), 34 12-to-13-

year-olds (Mage =12.47, SDage = .10, 16 girls), and 32 15-to-16 year-olds (Mage = 15.91 years, SDage = 

.82, 16 girls). There were no differences in gender distribution between the three groups, χ²(2) = 

.29, p = .86. Four participants were excluded from the analyses. One participant was excluded 

because he gave the same response to all Likert scale items, one did not complete the experiment, 

and two others explicitly indicated their disbelief in the cover story to the experimenter after the 

Cyberball sessions. 

 All participants arrived in the lab together with their best friend. At the start of each session 

participants were gathered in a room with their friends and six age-matched confederates. 

Confederates were recruited from local theatre schools and were all instructed extensively prior to 

the data collection session. The confederates introduced themselves by saying their name and 

shaking hands with the participant and their best friend. Participants were informed that they 

would be taking part in a study where they would engage in online interactions with one another 

(i.e., with their friends and the confederates). They were told that they would all be taken to 

separate testing rooms. After this brief introduction, participants remained in the room; their best 

friend and the confederates were taken to separate testing rooms, upon which the confederates in 

fact left. The participants did not see the confederates again after this point and they did not see 

their friends until after they completed the study. Unbeknownst to the participants, their friends 

took part in a different study that is reported elsewhere (Van Hoorn et al., 2016). 

 Participants started the experimental session by playing the Dictator Game, a monetary 

allocation game in which participants have full control over the division of valuable units between 

themselves and the other player. In the first round of the Dictator Game, participants were asked to 

distribute 10 valuable coins between themselves and every other player in subsequent one-shot 

trials. The game consisted of a total of eight divisions that served as a baseline measure of their 

allocation behavior towards the other players (i.e., their friend and the confederates). Then, 

participants played one round of online Cyberball, and subsequently observed two rounds of online 

Cyberball games. In between each round participants 1) reported their own mood and estimates of 

the other players’ mood and 2) played another Dictator Game where they could distribute coins 

between themselves and players from the prior Cyberball round. After each of the observed 

Cyberball rounds, participants played an Altruistic Punishment/Compensation Game, where they 
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could choose to give up valuable coins to punish a player (i.e., by decreasing the other person’s 

coins) or compensate a player (i.e., by increasing the other person’s coins). See Figure 1 for an 

overview of this experimental session involving the Cyberball and the allocation games. After this 

experimental session, participants filled out several questionnaires on the computer. In the final 

questionnaire, we evaluated belief in the cover story based on two open-ended questions without 

directly posing the question whether participants believed in it: “What was it like to play the ball 

game with other players over the internet? ” and “What was it like to observe the others play the 

ball game? No participants were excluded from the analyses due to their answers to these two 

questions. Two participants indicated after the full experiment that they did not believe the cover 

story and were excluded from analyses. The complete session lasted for about 45 minutes in total. 

Informed consent was obtained from the participants and the parents of participants younger than 

16 years old. The local institutional ethics review board approved of all procedures. At the end of 

each session participants were debriefed fully and all participants received a monetary 

compensation of 20 euros for their participation.  

Materials 

 Cyberball. All participants played one round and observed two rounds of the virtual ball-

tossing game “Cyberball” in a predetermined order (Williams et al., 2000). Unbeknownst to 

the participant, the throws of the other two players were pre-programmed. The instructions 

emphasized that there would be new players in each round; participants were able to see 

the names of the other players on the screen, displayed above the avatars of each respective 

player. During the first ball-tossing round (hereafter referred to as ‘inclusion’), participants 

were included by the two other players (i.e., confederate 1-2). The ‘inclusion’ round was 

programmed so that each player received the ball ten times (out of 30 passes in total). 

During the second and third rounds of Cyberball, participants observed the exclusion of an 

unfamiliar peer. Unbeknownst to the participant, these players were in fact confederates of 

the study. In the second round (hereafter ‘observed inclusion’), an unfamiliar peer was 

excluded by two unfamiliar excluders (i.e., confederates 3-5. In the third round, a novel 

unfamiliar peer (i.e., confederate 6) was excluded by a novel unfamiliar peer (i.e., 

confederate 7) and the participants’ best friend. To control for possible effects of gender, we 

ensured that all players in the exclusion round were of the same gender as the participant. 

The ‘exclusion’ round was pre-programmed such that one of the three players (confederate 

6) received the ball only once at the start of the game and did not receive the ball for the 
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remaining of the round (Williams, 2007). For the remainder of the 29 throws, the other 

players solely passed to each other.  

To keep participants engaged in the task during the observed Cyberball rounds they were 

asked to keep track of how many times every player received the ball and report this on paper. 

Participants were told that all Cyberball sessions were online such that all players would watch the 

ball-tossing games and that all players knew that they would be watched during these games. 

 Mood. Participants rated their own mood at four different moments throughout the 

experiment: a) before and b) after the inclusion, c) after observed inclusion and d) after observed 

exclusion. Additionally, participants were asked to estimate the mood of a randomly chosen player 

in the observed inclusion round and estimate the mood of all three players from the observed 

exclusion round. The mood assessments were based on three items for the youngest participants 

(feeling happy, sad, and angry); for the older two age groups there was an additional fourth item 

(feeling good). All items were scored on a 7-point scale; scores were averaged where higher scores 

indicate better mood (‘sad’ and ‘angry’ were recoded before averaging).  

Intentions to punish and help. After the observed inclusion Cyberball round, 

participants were asked to indicate, on a 7-point scale ranging from 1 (fully disagree) to 7 (fully 

agree) to what extent they intended to punish or to help one randomly chosen player of the 

previous round. They were asked to do the same after the observed exclusion Cyberball round for 

each of the three players in that round. Higher scores indicate higher intention to punish or help the 

other player. 

Allocation games. At the start of the experimental session, before Cyberball, 

participants played one allocation round for all players that they had met and for their friend. This 

was used as a baseline measure of their allocation behavior towards specific players. In addition, 

after each consecutive Cyberball round, participants played two sets of allocation games in which 

they could distribute valuable coins between themselves and the players from the previous 

Cyberball round. It was explained that these allocation games were offline such that no one else 

could see their decisions. It was also explained that the coins they distributed in the games would be 

converted to money and that their decisions in these games would be anonymously added to their 

final earnings as well as those of the other players. In the end, all participants received the same 

amount of money for these games (€2,-). Participants played these allocation games with one 

randomly chosen player after the inclusion and observed inclusion rounds because players during 

the inclusion round were indistinguishable (i.e., they were all confederates that the participant had 
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just met and showed the same behavior during Cyberball). After the observed exclusion round the 

participants played the allocation games with each of the three players from that round. 

Dictator Game. In the Dictator Game, the participants were asked to divide 10 coins between 

themselves and the other player. They could choose from seven fixed divisions. These divisions 

were depicted by numbers on the computer screen from left to right with the 5/5 option in the 

middle of the screen. Participants could select a division by clicking on the bullet point below their 

division of choice (see Figure 2). The number of coins allocated to the other player was used in the 

analyses. 

 

 

 

 

Figure 2. Depiction of onscreen possible coin division in the Dictator game. From left to right: 10 coins for the 

other player, 0 for the themselves (0/10); 8 for the other player, 2 for themselves (2/8); 6 the other player, 4 for 

themselves (4/6); 5 for the other player, 5 for themselves (5/5); 4 for the other player, 6 for themselves (6/4); 2 

for the other player, 8 for themselves (8/2); or 0 for the other player, 10 for themselves (10/0). 

 

Altruistic Punishment/Compensation Game. After every Dictator Game 

following observed Cyberball rounds, participants played the Altruistic Punishment/Compensation 

Game, a costly allocation game in which the choice architecture was designed so that the opposite 

sides of the scale represented costly punishment and costly compensation (i.e., helping) and the 

middle point represented an equity option (see Figure 3). In other words, participants could choose 

to stick to the equity distribution of 10 coins for self and 10 coins for other or to deviate from the 

equity distribution by paying coins to either increase (i.e., costly compensation) or decrease (i.e., 

costly punishment) the payoff of the other player (Güroǧlu et al., 2013; Leliveld, Van Dijk, & Van 

Beest, 2012; Will et al., 2013). The number of coins allocated to the other player was used in the 

analyses; this number could thus range between 1 and 19. Importantly, allocating 10 points to the 

other player indicates an equal distribution entailing no costs to the participant.  
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Figure 3. Depiction of onscreen possible coin division in the Altruistic Punishment/Compensation Game. From 

left to right: 7 coins for themselves, 19 for the other player (7/19); 8 coins for themselves, 16 for the other player 

(8/16); 9 coins for themselves, 13 for the other player (9/13); 10 coins for both themselves and the other player 

(10/10); 9 coins for themselves and 7 for the other player (9/7); 8 coins for themselves and 4 for the other player 

(8/4); or 7 for themselves and 1 for the other player (7/1). 

Statistical Analyses 

 To test our hypotheses, we performed a series of within-subjects analyses. First, we 

conducted two repeated measures (RM) ANOVAs to examine whether the various Cyberball 

sessions influenced self-mood-ratings and other-mood-estimations for different players (unfamiliar 

excluder, friend excluder and victim) over time. Next, to examine participants’ motivations to 

compensate and punish other players after inclusion-observation and exclusion-observation 

Cyberball, we conducted two RM ANOVAs on intentions to punish and help for the different players 

(unfamiliar includer, unfamiliar excluder, victim, and friend excluder). Finally, to examine the 

influence of various Cyberball sessions on punishment and compensation behavior, we conducted 

two RM ANOVAs to respectively compare the Dictator Game and the Altruistic 

Punishment/Compensation Game allocations made for the four different players (Unfamiliar 

Includer, Unfamiliar Excluder, Victim, and Friend Excluder). In the Dictator Game, we compared 

allocations for each player with the baseline Dictator Game allocations before the Cyberball session. 

In the Punishment/Compensation game, we also conducted separate paired-sample t-tests to 

examine whether the allocations for the four players deviated from an allocation of 10 coins in the 

equity option. We also examined correlations between intentions to punish and help and allocation 

behavior. In all our analyses, we corrected for multiple comparisons and reported Bonferroni 

corrected results (with alpha’s adjusted based on the number of comparisons for each respective 

analysis). 

6.3 Results 

Manipulation Check 

We compared tallies kept by participants to the actual throws made to use as an index of 

attentiveness. This comparison showed that almost all participants counted the number of throws 



   
 

99 
 

correctly and were paying attention to the Cyberball game. Two participants counted 20 balls 

thrown to all participating players (instead of the correct 10) in the observed inclusion round but 

still had an accurate tally in the observed exclusion round. Because of the accurate tally in the 

exclusion round, these participants were not excluded from the analyses. There were no significant 

differences between age groups for any of the tallies kept during the inclusion or exclusion 

Cyberball games (all p > .15), indicating that there was no age difference in the amount of attention 

paid during the Cyberball games. For all the results reported here, we used Greenhouse-Geisser 

corrections when the assumption of sphericity was violated.  

Mood  

 In order to investigate changes in mood we conducted a repeated measures ANOVA with 

Time (four levels: Baseline, Inclusion, Observed inclusion, and Observed Exclusion) as the within-

subjects factor and Age Group (three levels: 9-11-year-olds, 12-13- year-olds, and 15-16-year-olds) 

as the between-subjects factor. Figure 4A displays means for self-mood ratings. There was a 

significant main effect of Time (F(2.03, 166.17) = 10.20, p < .001, η² = .157). The main effect of Age 

Group was not significant, F(2,82) = 2.90, p = .060, η² = .066. The interaction between Time and Age 

group was not significant, F(4.05, 166.17) = 2.39, p = .051, η² = .055. Pairwise comparisons 

(corrected for 5 comparisons; α = .01) showed that mood ratings were significantly higher after 

Inclusion Play (M = 6.46) than at Baseline (M = 6.26; t(85) = -2,73, p < .014, η² = .021). Mood ratings 

did not differ significantly between Inclusion Play and Observed Inclusion (M = 6.54; t(85) = .68, p = 

.167). Most importantly, mood ratings were significantly lower after Observed Exclusion (M = 5.93) 

than after Baseline (M = 6.260, t(85) = 2.862, p = .006, η² = .10) and after Observed Inclusion (M = 

6.54; t(85) = 4.79, p < .001, η² = .06).  

 

 

Figure 4. (A) Average self-mood-ratings at baseline (before Cyberball), and after playing inclusion, observing 

inclusion and observing exclusion Cyberball rounds. Error bars display 95% CI of the standard error. (B) Average 
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other-mood-ratings after Cyberball observed exclusion for the unfamiliar excluder, friend excluder and victim. 

Error bars display 95% CI of the standard error.  

Estimates of Others’ Mood  

 A repeated measures ANOVA was conducted with Player (three levels: Unfamiliar Excluder, 

Friend Excluder, and Victim) as the within-subjects factor and Age group (three levels: 9-11-year-

olds, 12-13-year-olds, and 15-16-year-olds) as the between-subjects factor to examine estimates of 

others’ mood after observed Exclusion Cyberball (Figure 4B). There was a main effect of Player on 

mood ratings, F(1.34, 110.15) = 349.32, p < .001, η² = .81, indicating that participants rated the moods 

of players differently. The main effect of Age Group (F(2,83) = .0003, p = 1) and the interaction 

between Player and Age group were not significant, F(2.68, 110.15) = 1.87, p = .028.  

Pairwise comparisons (corrected for 5 comparisons; α = .01) indicated that a) there were no 

differences in mood-ratings for the Unfamiliar Excluder (M = 6.57) and the Friend Excluder (M = 6.69; 

t(85) = -1.39, p = .17) and b) mood-ratings for the victim (M = 3.06) were significantly lower than for 

both the Friend Excluder (M = 6.69; t(85) = 21,43 p < .001, η² = .57) and the Unfamiliar Excluder (t(85) 

= 19.24, p < .001, η² = .52). 

Intentions to Punish and Help 

  To investigate whether there were differences in intentions to punish and help excluders 

and victims, we conducted two repeated measures ANOVAs with Player (four levels: Unfamiliar 

includer, unfamiliar excluder, friend excluder, and victim) as within-subjects factor and Age group 

(three levels: 9-11-year-olds, 12-13-year-olds, and 15-16-year- olds) as between-subjects factor 

(See Figure 5A and 5B).  
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Figure 5. (A) Intentions to punish the unfamiliar excluder, friend excluder and the victim following Cyberball 

observed exclusion for 9-11-year-olds, 12-13-year-olds and 15-16-year-olds. Error bars display 95% CI of the 

standard error. (B) Intentions to help the unfamiliar excluder, friend excluder and the victim following Cyberball 

observed exclusion for 9-11-year-olds, 12-13-year-olds and 15-16-year-olds. Error bars display 95% CI of the 

standard error. 

 There was a significant main effect of Player (F(1.74,143.38) = 76.17, p < .001, η² = .482) on 

intention to punish. The interaction between Player and Age group was not significant (F(3.49, 

143.38) = .69, p = .58). Post hoc comparisons (corrected for 7 comparisons; α = .007) revealed that 

a) participants intended to punish the unfamiliar excluder (M = 3.40) more than the friend excluder 

(M = 2.85) and b) participants intended to punish the friend excluder more (M = 2.85) than the 

victim (M = 1.09) and the unfamiliar includer (M = 1.31) (all p-values < .001).  

With respect to intentions to help, there was a significant main effect of Player (F(2.245, 183.92) = 

92.84, p < .001, η² = .53) and Age group (F(2,83) = 5.519, p = .006, η² = .12). The Player x Age group 

interaction was not significant (p = .076). Pairwise comparisons (corrected for 7 comparisons; α = 

.007) showed that participants intended to help the unfamiliar excluder less (M = 1.78) than the 

friend excluder (M = 2.51; t(84) = 3.91, p < .001, η² = .04) and the unfamiliar includer (M = 2.58; 

t(84) = 5,42, p < .001, η² = .08) and indicated to want to help the victim (M = 5.36) more than the 

friend excluder (t(84) = 9.55, p < .001, η² = .21) and the unfamiliar includer (t(84) = 11.84, p < .001, 

η² = .28). Post-hoc tests revealed that 9-11-year-olds (M = 3.70) had significantly higher intentions 

to help than 12-13-year-olds (M = 2.76; t(84) = 3.18, p = .007), and that 9-11-year-olds did not 

significantly differ from 15-16-year-olds (M = 2.93; t(84) = 2.37, p = .020), nor did 12-13-year-olds 

(M = 2.76) from 15-16-year-olds (M = 2.93; t(84) = .87, p = 1).  

 

Punishment of Excluders and Compensation of Victims after 

Observed Exclusion 

Dictator game. In order to investigate punishment and compensation of excluders and victims 

after observed exclusion, we examined changes in Dictator Game allocations after observed 

exclusion toward the four players (unfamiliar includer, unfamiliar excluder, friend excluder, and 

victim) relative to baseline Dictator Game allocations. Points allocated to the other players in the 

Dictator Game at baseline (before Cyberball) were averaged across unfamiliar includers. 

Specifically, we conducted a repeated measures ANOVA with Round (two levels: baseline and after 
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Cyberball) and Player (four levels: unfamiliar includer, unfamiliar excluder, friend excluder, and 

victim) as within-subjects factors and Age group (three levels: 9-11-year- olds, 12-13-year-olds, and 

15-16-year-olds) as between-subjects factor for the Dictator Game (see Figure 6A).  

 

Figure 6. Displayed in the figures are the patterns of activation for the Main effect of Beneficiary in (A) bilateral 

NAcc versus the fixation baseline (y = 10), (B) in bilateral insula versus the fixation baseline (y = 10), and (C) in 

right temporoparietal junction (TPJ) versus the fixation baseline (z = 30). Activation was collapsed over 

magnitudes for the different beneficiaries. With respect to the activation in bilateral insula (B), similar patterns 

were observed in dACC and precentral gyrus. Due to the zero-sum nature of the task, Self Gain mean No Gain for 

Charity, and Charity Gain mean No Gain for Self. Activation displayed is FDR cluster corrected (initial threshold p 

<.001, accepted threshold 80). Correlates of activation in ROIs derived from this contrast with age can be found in 

Supplementary File F. 

 Results yielded a main effect of Player (F(2.34, 192.24) = 23.28, p < .001, η² = .22). There 

was no main effect of Age group (F(2,82) = .87, p = .422) or Round (F(1,82) = 1.22, p = .27). The 

Player x Age group interaction was not significant (F(4.69,192.24) = 1.77, p = .12). The Round x 

Player interaction was significant (F(2.12,174.18) = 17.86, p < .001, η² = .18). Pairwise comparisons 

(corrected for 6 comparisons; α = .00833) showed that on average, participants gave: 1) fewer coins 

(all ps < .001) to unfamiliar excluders (M = 2.66, SD = 1.84) compared to unfamiliar includers (M = 

4.01, SD = 1.88), 2) fewer coins to unfamiliar includers (M = 4.01, SD = 1.88) than to friend excluders 

(M = 4.53, SD = 2.20) and 3) an equal number of coins to friend excluders and victims (M = 4.89, SD = 

2.46). 

 To investigate the interaction effect between Round and Player in more detail, we conducted 

four separate repeated measures ANOVA's (one for each player; corrected for 4 comparisons; α = 

.0125) with Round (two levels: baseline and after Cyberball) as factor. These analyses showed that 
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in comparison to baseline distributions, the number of coins given after Cyberball: 1) to unfamiliar 

excluders decreased (F(1,82) = 43.60, p < .001, η² = .35) 2) to the victim increased (F(1,82) = 8.55, p 

< .001, η² = .09) and 3) did not change for friend excluders (F(1,82) = 1.67, p = .20) and unfamiliar 

includers (F(1,82) = .68, p = .41). 

Altruistic punishment/compensation game. To investigate punishment and 

helping behavior in the Altruistic Punishment/Compensation Game, we conducted a repeated 

measures ANOVA with Player (four levels: unfamiliar includer, unfamiliar excluder, friend excluder, 

and victim) as within-subjects factor and Age group (three levels: 9-11-year-olds, 12-13-year- olds, 

and 15-16-year-olds) as between-subjects factor (See Figure 6B).  

 Results showed a main effect of Player (F(2.26, 185.44) = 23.81, p < .001, η² = .23); the Age 

group main effect and Player x Age group interaction were not significant (F(2,82) = 1.83, p = .17 

and F(4.23,185.43) = 2.19, p = .064, respectively). Post hoc paired sample t-tests (corrected for 3 

comparisons; α = .016) showed that participants gave 1) fewer coins to unfamiliar excluders (M = 

7.21) than to unfamiliar includers (M = 9.72; t(84) = 6.10, p < .001, η² = .09), 2) fewer coints to 

unfamiliar includers (M = 9.72) than to victims (M = 10.92; t(84) = 3.67, p < .001, η² = .03 ), and 3) 

an equal number of coins to friend excluders (M = 10.35) and victims (M = 10.92; t(84) = -.97, p = 

.33). 

 Next, to be able to draw conclusions about actual punishment and compensation behavior 

(helping), we compared numbers of coins given to players with the number of coins in the equity 

option (i.e., 10 coins for other) as a measure of deviations from the equity option. We conducted a 

series of t-tests per Player (unfamiliar includer, unfamiliar excluder, friend excluder and victim; 

corrected for 4 comparisons; α = .0125) where we compared the number of coins given to players to 

the set value of 10. Results yielded significant differences from the equity option for two of the four 

players: unfamiliar includers (M = 9.72) were neither punished or helped (t(84) = -.97, p = .34, η² = 

.84), unfamiliar excluders (M = 7.21) were punished (t(84) = -8.48, p < .001, η² = .59), friend 

excluders (M = 10.35) were neither punished nor helped (t(84) = .83, p = .41) and victims (M = 

10.92) were helped (t(84) = 2.82, p < .001, η² = .76). 

Relation Intentions and Actual Helping and Punishment Behavior 

 To investigate whether participants followed up on intentions to help or punish players, we 

examined the correlations between intentions to help or punish and actual behavior in the Altruistic 

Punishment/Compensation Game. We did not look at the Dictator Game allocations because giving 



   
 

104 
 

less coins to the other is not costly to the participant in the Dictator Game (whereas helping is). In 

the Altruistic Punishment/Compensation Game, both helping and punishment are costly. 

 All intentions to punish a player and the respective number of coins allocated were 

significantly negatively correlated (for victim r(85) = -.26, unfamiliar excluder r(85) = -.35, friend 

excluder r(85) = -.31; all p < .05), indicating that the more participants indicated to want to punish a 

player, the less coins they gave them. The intentions to help and the number of coins given in the 

Altruistic Punishment/Compensation Game were significantly correlated for victims and friends 

(for victim r(85) = .24, friend r(85) = .24, both p < .05), but not for unfamiliar excluders (r(85) = 

.099, p = .36). 

6.4 Discussion 

This study examined punishment and compensation after observed exclusion in late 

childhood and adolescence in an experimental setting using Cyberball, with a specific focus on how 

friendship with the excluder modulates behavioral responses to observing social exclusion. We 

specifically examined how witnesses of social exclusion treated perpetrators depending on whether 

the perpetrator was their friend or an unknown peer. We replicated earlier findings showing that 

witnesses of social exclusion report decreases in mood and subsequently punish excluders and help 

victims. Our results extend prior work by showing that altruistic punishment decisions strongly 

depend on friendship with the excluder. That is, even though witnesses report equal intentions to 

punish friend and unfamiliar excluders, they punish unfamiliar excluders, while refraining from 

punishing their best friend.  

Effects of Witnessing Social Exclusion on Self- and Other-mood 

Ratings 

We replicated earlier findings of witnessing Cyberball leading to decreased mood ratings 

(Güroǧlu et al., 2013; Wesselmann et al., 2009; Will et al., 2013). After witnessing social exclusion, 

we found no age differences in self- and other-mood ratings between the ages of 9 and 16. As 

expected, participants of all ages estimated victims to feel worse than excluders. These results show 

that participants aged 9-16 are able to understand the emotional consequences of social exclusion 

for the victim. Whereas previous studies have examined mood estimations of victims (Will et al., 

2015), to our knowledge no studies have investigated mood estimations of excluders. We found that 

friend excluders and unfamiliar excluders were estimated to have similar levels of mood. 
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Interestingly however, all participants estimated high (positive) mood for excluders, showing that 

individuals do not estimate bullies to feel particularly bad.  

Effects of Witnessing Social Exclusion on Intentions to Help and 

Punish 

Participants aged 9-16 intended to punish unfamiliar excluders more than friend excluders, 

and both unfamiliar and friend excluders more than the victim. The reverse was true for intentions 

to help. All participants intended to help the victim more than the excluders and to help the friend 

excluder more than the unfamiliar excluder. Thus, the relationship the witness has with the 

excluder influences their intentions to punish or help. These results indicate that participants 

intended to treat their friend more positively than an unfamiliar excluder despite their identical 

norm-violating behavior. 

The youngest participants had slightly higher intentions to help other players than the older 

participants. Potentially, indicating to help others might be seen more as a social norm among 

younger participants, whereas older participants are more likely to make helping judgments based 

on individual behavior and merit (Güroglu, Bos, & Crone, 2014). It has been shown that with age, 

adolescents move away from strictly egalitarian views and increasingly base their fairness 

judgments on individual achievements and circumstances (Almas, Cappelen, Sorensen, & 

Tungodden, 2010; Meuwese, Crone, de Rooij, & Güroğlu, 2015). 

Effects of witnessing social exclusion on subsequent treatment of 

excluders and victims 

By comparing changes in Dictator Game allocations after Cyberball to allocations at baseline, 

(which were made before any Cyberball interactions), we showed that: 1) includers and friend 

excluders were treated the same before and after Cyberball, 2) victims received more coins after 

being excluded than at baseline (and were thus helped), and 3) unfamiliar excluders were given less 

coins after excluding than at baseline (and were thus punished). As such, although participants of all 

ages indicated that they wanted to punish both friend excluders as well as unfamiliar excluders, 

unfamiliar excluders were actually punished for their norm-violating behavior but friend excluders 

were not. This punishment of unfamiliar excluders was in line with previously reported intentions, 

but participants treated friend excluders as if nothing had happened and gave them same amount of 

coins as at baseline. 
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This pattern of findings was replicated using the Altruistic Punishment/Compensation 

Game. In contrast to the Dictator Game, no baseline measures are needed in the Altruistic 

Punishment/Compensation Game as each option represents punishment or compensation. 

Nonetheless, it has been shown in previous studies (Gunther Moor et al., 2012; Will et al., 2013) that 

increases and decreases in generosity in the Dictator Game reflect punishment and compensation. 

In the Altruistic Punishment/Compensation Game, participants could choose an equal distribution 

without incurring any costs to themselves and act in line with the ‘fairness’ norm. Because 

deviations from this equal distribution were costly, they can be used as an index of costly 

punishment and compensation behavior. Our results showed that participants incurred costs to 

punish unfamiliar excluders and to help victims, just as they intended. However, friend excluders 

were not punished: they typically received an equal distribution of coins. In other words, despite 

indications of wanting to punish friends, participants were again not willing to incur costs to do so. 

It should be noted that, although the behavioral patterns in the two games seem similar, the two 

games differ in terms of costs of making equal distributions. In the Dictator Game, participants 

actually incur costs to ensure an equal distribution of coins for the victims and friend excluders, 

whereas in the Altruistic Punishment/Compensation Game participants do not seem to be willing to 

incur extra costs if they can ensure the equal coin allocation with no costs attached. Together, these 

results show that both when punishment is costly or non-costly, children and adolescents punish 

unfamiliar excluders while refraining from punishing their best friend after excluding a peer. 

Prosocial treatment of friends, regardless of their prior norm-violating behavior, underlines 

the value of friendship in childhood and adolescence. Even though a friend might act as a bully 

towards others, such behavior might often not lead to differential treatment. The underlying 

processes might partially be explained by fundamental attribution biases (Ross, 1977). 

Speculatively, thoughts and knowledge about the motivations of the other players might modulate 

to what extent individuals show actual punishment or compensation behavior. It could be that 

participants more readily justified the excluding behavior of their friends while being less forgiving 

of unfamiliar excluder. As attributions of causality to external factors rather than internal factors 

take away part of the perceived responsibility of the excluder, witnesses might feel that their friend 

does not need punishment whereas the unfamiliar excluder does.  

An important note regarding the role of friendship in our results is that we cannot exclude 

the possibility that differential treatment towards friend excluders and unfamiliar excluders is 

confounded by familiarity with the friend. That is, we cannot rule out that similar results can be 

obtained for differential treatment of unfamiliar versus familiar peers (such as neutral peers from 



   
 

107 
 

the classroom who are not friends of the participant). However, it has previously been shown in 

adults that the degree to which observers like excluders and victims does affect the degree to which 

they punish and compensate them (Güroǧlu et al., 2013), supporting the idea that relationships 

could play an important role. Future studies should rule out these possibly confounding effects of 

familiarity of friends by examining the role of different peer relationships (e.g. best friend / neutral 

peer / disliked peer) in adolescent populations. 

Absence of Age differences in Punishment of Excluders and 

Compensation of Victims 

We found no effects of age on self-mood ratings, other-mood ratings, and allocations on 

either the Dictator Game or the Altruistic Punishment/Compensation Game. In line with previous 

findings, we did not expect age differences on mood ratings. Prior studies have reported similar 

decreases in mood across broad age ranges (Abrams, Weick, Thomas, Colbe, & Franklin, 2011; 

Saylor et al., 2013)and our findings confirm these by showing that participants as young as 9 years 

old are negatively affected by observations of social exclusion.  

However, our findings did not confirm the expected age differences in subsequent treatment 

of excluders and victims. First, we expected to find an age-related increase in punishment of 

excluders (i.e., decreasing number of allocated coins) and in compensation of victims (i.e., increasing 

number of allocated coins) across adolescence. Our findings, however, show that 9-to-16-year-olds 

have similar fairness considerations (as assessed by the Dictator Game) and costly punishment and 

compensation behavior (as assessed by the Altruistic Punishment/Compensation Game).  

Second, whereas we expected the youngest age groups not to differ in treatment of excluders 

and victims, we expected to find a gradual increase in differentiation between players with 

increasing age. Contrary to these expectations, our findings show that participants as young as 9 

years old differentiate between individuals with different roles in social exclusion. Not only did the 

youngest participants differentiate between excluders and victims, they also differentiated between 

unfamiliar and friend excluders and treated unfamiliar excluders more harshly than friend 

excluders. In a previous study, Will and colleagues (2013) showed that 9-year-olds make similar 

Dictator Game allocations for excluders and victims, distributing coins equally between themselves 

and the other players, whereas 11-year-olds differentiated between excluders and victims. This 

might be explained by the difference between the study designs. In the design by Will and colleagues 

(2013), ball-possession in Cyberball was worth extra participant money such that the participants 
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could earn money for every time they received the ball. The introduction of this economic element 

made the decision process more complicated, possibly driving the youngest children, who possibly 

lacked the contextual integration skills of older children, to make their allocation-decisions based on 

fairness heuristics instead of on the contextual information. 

In addition, in the current study our youngest age group covered the age range of 9 to 11 

years, with a mean age that was closer to 11. It is thus likely that the ability to incorporate 

information about others’ behavior into decision-making develops indeed around the age of 11. It is 

worthwhile for future studies to focus more on younger age groups to pinpoint the cognitive 

abilities that contribute to this behavioral development. Several prior studies indicate that 

perspective-taking skills might contribute to the age-related increases in incorporating complex 

forms of contextual information into decision-making (Güroğlu et al., 2009; Will et al., 2013). Future 

studies should thus further investigate the fine-grained cognitive and behavioral changes that occur 

across early childhood and adolescence.  

Implications 

Our findings have implications for interventions to prevent social exclusion. Specifically, our results 

suggest that displays of exclusion behavior of friends might be perceived less negatively than those 

of strangers. While witnesses might punish excluders in certain situations where the excluder is 

unfamiliar to them, they might refrain from doing so if the excluder is their friend. As such, it might 

be useful for future interventions, in addition to targeting excluders themselves, to specifically 

identify and target friends of bullies and perpetrators of social exclusion. Subsequently such 

interventions can draw more attention to the friend’s excluding behavior as it might simply be 

overlooked by the friend who witnesses. Additionally, interventions may focus on altering 

perceptions of a friend’s excluding behaviors to reduce the degree to which they condone this 

behavior (e.g. by stressing the negative consequences for the victim). Our results importantly show 

that friendships with excluders may influence the effectiveness of interventions aimed at reducing 

social exclusion through peer interventions. 

Conclusions: Turning A Blind Eye?  

This study showed that witnesses of social exclusion punish excluders less severely when 

they are friends with them. Our results show that children and adolescents, like adults (Güroǧlu et 

al., 2013), treat excluders differently when they are friends with them. The differential treatment of 
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friends and unfamiliar excluders was consistent across ages, such that even 9-year-olds treated 

friends differently than unfamiliar excluders. This finding highlights the developmental significance 

of friendships and that the reciprocal norms that come with friendships are important before 

entering adolescence (Hartup, 1996; Hay, Payne, & Chadwick, 2004). Based on our findings, we can 

hypothesize that one of the reasons for the lack of involvement of witnessing children and 

adolescents in real life exclusion situations might be that these witnesses are the excluder’s friends 

(Darley & Latane, 1968). Real life excluders might often not be punished by friends for their 

behavior. To end on a more positive note, unfamiliar victims were still helped and unfamiliar 

excluders were still punished. Even though friend excluders might not be punished for excluding 

behavior, witnesses are still willing to incur costs to help victims and to punish unfamiliar excluders. 

This is promising for interventions that aim to reduce bullying and social exclusion through peer 

interventions.  
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CHAPTER 7 

General discussion 
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7.1 Summary 

This thesis had several overarching goals. Primarily, I aimed to gain insight into the neural 

correlates of vicarious gaining, with a focus on vicarious gains for charity and its development 

across adolescence. Secondarily, I explored how neural activity during vicarious gaining related to 

individual differences in perspective taking, empathic concern and prosocial behavior (chapters 2, 3 

and 4). Finally, I ventured into elucidating the role of family relationships in vicarious gaining 

(chapter 5) and the role of friendships in prosocial behavior towards perpetrators and victims of 

social exclusion (chapter 6). In the following sections, I briefly summarize the main findings of my 

thesis. 

 

7.1.1 Vicarious gains in adults 

In chapter 2, I investigated the neural signatures of gaining money for self and vicarious gaining for 

charity. A sample of young adults (N = 31, 21–24 years old) completed the COSY (Charity Or Self 

Yield) task while they underwent fMRI scanning. During the task, participants took false-choice 

gambles that resulted in gains for themselves (at the expense of charity gains), vicarious gains for a 

self-chosen charity (at the expense of self gains), or shared gains for self and charity. Afterwards, 

participants filled out questionnaires on perspective taking and empathic concern, and could then 

donate to charity in a one-shot Dictator game. 

Results showed elevated neural activity in the ventral striatum (specifically in the NAcc), a 

region in the brain that is well known for its role in basic reward processing (Sescousse et al., 2013) 

for self gains and shared gains, but not for vicarious charity gains. I then explored whether the 

absence of ventral striatum activity for charity at the group level, could be explained by differences 

between individuals in their neural responses. Interestingly, ventral striatal activity when 

vicariously gaining for charity was significantly related to participants’ self-reported empathic 

concern and self-reported enjoyment when winning for charity, such that higher empathic concern 

was associated with higher vicarious ventral striatum activity when gaining for charity. 

Additionally, empathic concern was related to the amount donated to charity in the one-shot 

Dictator game: participants who scored higher on empathic concern donated a larger proportion. 

These findings indicate that vicarious neural activity for charity scales with the extent to which 

individuals understand and share feelings with others.  
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In short, my first study into vicarious gaining showed that whether or not an outcome was 

associated with reward-related activation in the ventral striatum was dependent on the target and 

on individual differences in empathic concern. Whereas robust ventral striatal activity was found 

for self gains, whether or not ventral striatal activity was observed for vicarious charity gains was 

dependent on individual differences in empathic concern and in self-reported enjoyment for charity 

gains. Prior to initiating the study, I hypothesized that shared gains might be more enjoyable than 

self or charity gains separately, based on prior findings showing that mutual gain in a Prisoner 

Dilemma gain let to higher ventral striatum activity (Rilling et al., 2002), but I found no support for 

such an effect. It is more likely that ventral striatum activity scales with the absolute gain for self. 

Taken together, the evidence in this study supported the notion that ventral striatum activity 

reflects the subjective pleasure of a reward. More importantly, individual differences, here seen in 

empathic concern, and earlier shown in relationship strength and perceived importance of a target, 

could influence to what extent vicarious gains are seen —and experienced—as rewarding.  

 

7.1.2 Vicarious gains in adolescence 

In chapter 3, I furthered my investigation by examining how personal and vicarious 

rewards are experienced in adolescence in a cross-sectional study. Specifically, I aimed to 

investigate whether the relative stronger activity in the ventral striatum during reward processing 

for self in adolescence (Galvan et al., 2006; Schreuders et al., 2021; Silverman et al., 2015) could be 

found for vicarious gains for charity as well. A group of adolescents (N = 160, aged 11–21) played 

the COSY task in an fMRI scanner. After the fMRI task, participants again had the option to donate to 

charity in a one-shot Dictator game.  

Results partly replicated the findings of chapter 2. That is, personal rewards and shared 

rewards were associated with activity in the ventral striatum, while charity rewards were not, at 

least at the group level. However, in contrast to the adult sample, in this developmental study 

individual variation in striatal activity for vicarious gains for charity was related to individual 

differences in donation behavior and perspective taking, rather than empathic concern and self-

reported enjoyment. Empathy and perspective taking are often seen as related constructs. Where 

perspective taking is more strongly related to cognitive understanding of feelings of others, 

empathy refers to sharing feelings of others. Thus, this study can be seen as an extension of the prior 

study by emphasizing the role of perspective taking and actual donation behavior.  
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This study, with its larger sample size, also allowed me to test whether regions were 

uniquely involved in self gain, shared gain or charity gain. Indeed, further investigation revealed 

that the dorsal anterior cingulate cortex, insula and precentral gyrus were active when gaining only 

for self. In addition, the temporal-parietal junction was more active for vicarious gains for charity 

than for shared gains (i.e. under equity deviation). This region has previously been implicated in 

switching attention between self and others (Schurz, Aichhorn, Martin, & Perner, 2013), thus it is 

likely that this region played a role in cognitive perspective taking towards outcomes for charity 

(Tusche, Böckler, Kanske, Trautwein, & Singer, 2016). 

7.1.3 Longitudinal development of vicarious gains 

In chapter 4, I examined the developmental patterns of activation in the neural correlates of 

vicariously gaining for charity. The sample of participants that was described in detail in chapter 3 

(10-22-years) was followed longitudinally over three annual behavioral-fMRI waves, using the same 

paradigms on each wave. First, participants completed the COSY task in the fMRI scanner. Next, 

participants filled out questionnaires on subjective enjoyment of self and charity gains, perceived 

importance of the self-chosen charity, perspective taking and empathic concern. Finally, participants 

had the option to donate participant money to charity in a one-shot Dictator game. On a behavioral 

level, donations in the one-shot Dictator Game and perspective taking increased with age, whereas 

self-gain and charity-gain enjoyment decreased with age. At the neural level, I replicated the ventral 

striatum response to self gain across three time points. Longitudinal modeling revealed that ventral 

striatum activity for self gain was highest in early adolescence and decreased with age, whereas 

charity gain showed a stable developmental pattern. Furthermore, the observed increases in 

donating behavior over time were associated with less ventral striatum differentiation between 

gains for self and charity. Thus, the longitudinal findings, replicate and extend the observations in in 

the cross-sectional study reported in chapter 3, by focusing on within-individual variation over 

time. Longitudinal studies are often interpreted as the golden standard in developmental 

psychology because a longitudinal design controls for sample bias, the findings are more robust and 

it allows for predication analyses over time.  

 

7.1.4 Vicarious gains in close relationships 

In chapter 5, I examined the role of vicarious gaining as a marker of social connection in 

mother-child relationships. In a broader sense, this study allowed me to investigate whether 
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enjoyment in vicarious reward could be dependent on the closeness of a relationship, as the mother-

child relationship is of a much closer nature than the relationship with a charity, generally speaking. 

I shifted focus by investigating the mothers of adolescents instead of adolescents 

themselves. A small sample of 20 mothers (41-55 years old) performed a gambling task while 

undergoing fMRI scanning where they could earn extra money for themselves, their best friend, and 

their adolescent child. On a behavioral level, participants indicated to experience vicarious gains for 

their children as most rewarding, relative to vicarious gains for their best friend and gains for 

themselves. On a neural level, ventral striatal activity was stronger for winning than for losing, for 

both vicarious gains for child and best friend as well as for self gains. Moreover, higher activity was 

found in the dorsomedial prefrontal cortex (dmPFC), precuneus, and temporo-parietal junction 

(TPJ) for vicarious gains than for self gains, consistent with chapter 3. In addition, these regions 

were more active for participants indicating that their friend or child deserved to win more. In 

short, results of this chapter showed that vicarious gains and self gains are processed similarly in 

close relationships. Taken together with the results of the earlier chapters on vicarious gains for 

charity, these findings support the notion that whether or not vicarious gains are associated with 

enjoyment is dependent on the relationship to the target.  

 

7.1.5 Prosociality towards excluded strangers, and friends 

Finally, in chapter 6, I took a closer look at prosocial behavior in adolescence by examining 

how a group of 89 adolescents (ages 9-16, 44 girls) behaved towards perpetrators and victims after 

observing social exclusion in a virtual ball-tossing game. Specifically, I was interested in the role of 

the nature of relationships in prosocial behavior, and the perpetrators of the observed social 

exclusion were both unfamiliar peers, as well as the participants’ friends. As a measure of prosocial 

behavior, we included two resource allocation games after the observed exclusion, a non-costly 

Dictator Game and a costly altruistic punishment / compensation game (i.e. helping, prosocial 

behavior). Results showed that adolescents behaved prosocially in these allocation games towards 

victims of social exclusion, punished unfamiliar excluders, but refrained from punishing excluders 

that were friends. In addition to showing that friendship plays a role in the treatment of 

perpetrators of social exclusion in adolescence, these findings underline the importance of the 

nature of relationships in determining whether or not adolescents act prosocially towards others. 
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7.2 General discussion 

7.2.1 Neural correlates of vicarious reward 

The studies included in this thesis together shed light on several aspects of vicarious reward. First, I 

replicate studies showing that similar regions are involved in reward processing for self as in 

vicarious reward processing for close others (i.e. family members or friends) (Braams & Crone, 

2017; Schreuders et al., 2021; Telzer et al., 2013; Telzer, Masten, Berkman, Lieberman, & Fuligni, 

2010), and for distal others (i.e. charities) (Harbaugh et al., 2007; Hare, Camerer, Knoepfle, Rangel, 

& Rangel, 2010; Moll et al., 2006). That is, the studies in thesis underline that both the ventral 

striatum (specifically the NAcc) as well as the medial prefrontal cortex play a role in vicarious 

reward in both adolescents and adults. Additionally, I consistently found that gains for others are 

associated with increased recruitment of the TPJ, a region typically associated with perspective-

taking (Martin, Kessler, Cooke, Huang, & Meinzer, 2020). 

 Interestingly, whereas some earlier studies found an adolescent peak in neural sensitivity to 

reward (Silverman et al., 2015; van Duijvenvoorde, Peters, Braams, & Crone, 2016), whereas in this 

study we observed a linear decrease in neural activity for self-gains across adolescence, and no 

developmental differences rewards gained for others.  

Reflecting on the imbalance models discussed in the introduction, the findings of the current 

thesis do not support the notion that socio-emotional systems would follow an inverted U-shape in 

their development. Rather, the most parsimonious model explaining my results would be more in 

line with the maturational imbalance model presented by Casey and colleagues (Casey et al., 2008), 

where asynchronous development is characterized by the socio-emotional system developing 

earlier than the cognitive control system, without a U-shape in the development of the socio-

emotional system (see Figure 3). 
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Figure 3. Maturational Imbalance model adapted from Casey at al., 2008. Hypothesized relative development of 

socioemotional systems (in yellow) and cognitive control systems (in dark green). 

 

 Alternatively, the different patterns related to peaks versus linear changes across 

adolescence might be explained by the specific nature of the vicarious reward paradigm used. 

Whereas earlier studies showing a peak often used paradigms with win and loss conditions, the 

COSY (Charity Or Self Yield) task used in the studies described in this thesis uses a slightly different 

approach, with gain versus no gain conditions. As such, the absence of a peak in sensitivity is a 

testament to the fact that this peak is only found under certain contexts. Possibly, the existence of 

this peak in earlier studies (Silverman, Jedd, & Luciana, 2015) might be driven by losses rather than 

wins (or gains), although more research is necessary to test this in more detail.  

 It should be noted that this study focused on one single dimension of vicarious gaining by 

isolating reward experiences (Tamir & Hughes, 2018). Developmental models often emphasize the 

interplay between reward experiences and cognitive control. The current study provides initial 

starting points for examining this interplay in decision-making in future studies.  

 

7.2.2 Developmental implications and relation to behavior 

This study took a novel direction relative to prior developmental fMRI studies by using 

longitudinal assessments, specifically 3 waves of longitudinal behavior and imaging data. This 
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approach has several advantages, by allowing for testing co-occuring patterns of time. Looking at 

longitudinal developmental patterns of the vicarious reward response for charity, as well as of 

individual differences in perspective taking that investigated in chapter 4, I found that perspective 

taking and donation behavior increased over time. At the same time, I showed that perceived 

enjoyment of rewards for self and charity decreased over time. These findings revealed that there 

was variation in the starting point of the study, which predicted also the direction of change. 

Specially, adolescents who showed high donations to charity at the first time point showed smaller 

changes in ventral striatum activity between gains for self and gains for charity than those who 

started lower. These findings may provide support for the idea that especially in adolescence, most 

changes can be observed in adolescents who are still developing social skills, although this 

hypothesis should be tested in the future using intervention studies. Longitudinal studies can 

inform co-occuring changes over time but no not allow for causal conclusions.  

This study also used a relatively large sample with detailed behavioral assessments. This 

allowed us to combine neural responses and behavior in much more detail compared to prior 

studies.  

From the studies in this thesis looking at the warm glow of giving in a vicarious reward task 

for charity (chapters 2, 3 and 4), I found evidence that such a vicarious reward response occurs in 

some but not all adolescents. Specifically, what distinguishes the adolescents who show a relatively 

strong striatal activity for vicarious rewards for charity from the rest of the sample, are increased 

levels of perspective taking and empathic concern, as well as increased prosocial donations in a 

Dictator Game.  

Combing back to one of the central questions laid out in the introduction: ‘Why would we 

help others if there is nothing in it to gain for us?’, this thesis provided several new perspectives. 

Based on the evidence laid out in this thesis, part of the answer to this question could be three 

contributing factors that follow the general structure of this thesis: the nature of the relationship to 

the other, the ability to take perspective and to emphasize, and the need of the other. That is, in 

chapter 2-4 I showed that adolescents do not generally show vicarious reward responses in the 

ventral striatum for charity, as previously observed for friends (Schreuders et al., 2021) and family 

members (Brandner, Güroğlu, van de Groep, Spaans, & Crone, 2021). However, those adolescents 

high on perspective taking do show vicarious reward responses in the ventral striatum for charity, 

and perspective taking increases during adolescence. This leads to the hypothesis that adolescence 

may be a sensitive window in terms of perspective taking development and brain development, 

confirming the second formative window of the “prosociality bootcamp”. Indeed, many intervention 
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studies focus on perspective-taking for building kind reciprocal relationships. These studies usually 

focus on the younger age groups (Godwin, 2020; Larose et al., 2020), but this study shows that 

similar interventions could be useful for overcoming ingroup-outgroup bias in adolescence 

(Güroğlu, Bos, & Crone, 2014). 

 

7.3 Limitation and future directions 

One limitation in the set of studies discussed in this thesis is the absence of actual choice in the 

COSY fMRI paradigm. Even though I consciously decided a priori to use a false-choice task to be able 

to ensure that enough trials would be available to calculate contrasts of the different conditions 

against each other, this made looking at prosocial behavior during the fMRI session, specifically at 

intent and agency more difficult. This was solved by measuring Donation behavior outside of the 

scanner. It would be interesting for future fMRI studies on vicarious reward to include both actual 

choices and false-choices in a vicarious reward paradigm, allowing for the dissociation of intent of a 

prosocial action and the processing of a prosocial outcome (e.g. by using a “trembling hand” 

economic game, where intentions and outcomes are randomly mismatched to allow for dissociation 

of the two (Cushman, Dreber, Wang, & Costa, 2009; Klapwijk & Van Lange, 2009). 

Even though lab-controlled anonymous tasks for prosociality are useful because they allow 

scientists to simulate simple social choices (such as in the wide array of economic games, including 

the Dictator game paradigm used as a basis for this thesis), the highly controlled setting of lab 

experiments likely reduces the relative impact of a lot of otherwise important social factors. For 

instance, who is present when you make a choice, thoughts about what others will think of a choice, 

and the behavior of others in response to a choice are all factors that influence behavior outside the 

laboratory but play a much smaller role in an MRI scanner (Van Atteveldt, Van Kesteren, Braams, & 

Krabbendam, 2018). As such, a false-choice paradigm such as the COSY carries the benefit that 

whatever role these social factors play in affecting choice behavior is removed from the equation. 

On the other hand, these thoughts and the responses by others are an important part of a 

naturalistic helping environment, and future studies should additionally continue to make sure that 

lab-controlled experiments into prosocial behavior are ecologically valid, i.e. by mimicking 

naturalistic environments by inviting groups of participants into the lab, or by using less deception.  

In addition, while the current task clearly shows that some individuals show a highly similar 

reward response for personal rewards and vicarious rewards for charity, the relatively small 

variation in the height of the outcomes leaves room for a more expansive set of outcome conditions 
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to be used in the future. That is, tasks with a high amount of variability in the amount of monetary 

gains for charity could make it possible to detect an indifference point for neural responses to 

personal rewards and vicarious rewards for charity (i.e. the point where the activation to an amount 

of vicarious rewards and to an amount of personal rewards is the same).  

Finally, future studies should further unravel the roles of relationship strength in prosociality. 

Even though we provide initial evidence that close relationships play an important role in 

explaining differences in reward processing in chapter 6, more research is needed to investigate 

how vicarious rewards are processed in a family setting. For instance, while the current study 

looked at only mothers gaining for their peers, an interesting more encompassing perspective 

would be to look at parent-child dyads or mother-father-child triads (Brandner et al., 2021).  

 

7.4 Conclusions 

In the introduction of this thesis, I referred to childhood as a ‘prosociality bootcamp’, a 

period of socialization prepping a child with a toolkit to go out into the world and engage in 

reciprocal interactions with others. In five different studies using different methods and samples, I 

examined vicarious reward responses for charity across adolescence and in adults (chapters 2-4), I 

investigated vicarious reward responses for children in mother-child dyads (chapter 5), and 

prosocial behavior towards friends and strangers in a social exclusion setting (chapter 6). These 

studies confirmed that whether or not a vicarious reward response characterized amongst other 

things by neural activity in the ventral striatum, is observed for vicarious gains for charity is 

dependent on individual differences. In chapter 2, we found that for adults, vicarious reward 

responses for charity were correlated to individual differences in empathic concern, and in 

perceived enjoyment of charity gains. In chapter 3, comparing between participants, we found 

increased perspective taking and donation behavior were related to more striatal activity for 

vicarious gains for charity compared to gains for self. In chapter 4, comparing within participants, 

we found that the decrease in differentiation between activity for self gain and charity gain found 

over the course of adolescence was less steep for adolescents with a higher intercept on perspective 

taking, empathic concern and donation behavior. In chapter 5, I showed that in in a mother-child 

dyad, mothers showed a consistent vicarious reward response when winning for their children and 

best friends, but not when winning for an unknown other. In chapter 6, results show that whether 

or not perpetrators of social exclusion are helped by an observer is dependent on whether the 

perpetrator is a friend or a stranger. This study underlines the role of the nature of a relationship in 
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prosocial behavior. Taken together, the findings in these studies highlight the importance of taking 

into account individual differences in development in prosocial behavior.  
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1. Nederlandse Samenvatting 

“Prosocialiteitsbootcamp” 

Mensen zijn misschien wel een van de meest sociale dieren op deze planeet en hebben de 

neiging elkaar te helpen. Van jongs af aan wordt ons al geleerd om te delen met anderen, om mensen 

in nood te helpen, om vriendelijk, nederig en accepterend te zijn, en om te luisteren zonder te 

oordelen. Met andere woorden, we leren op jonge leeftijd om ‘prosociaal’ te handelen. Prosocialiteit 

kan worden gedefinieerd als de neiging om gedrag te vertonen dat een positief effect heeft op 

anderen, zonder het per definitie iets voor jouzelf oplevert. Als we ons prosociaal gedragen, worden 

we over het algemeen geaccepteerd of geprezen door onze omgeving, en als we dat niet doen, 

worden we in de regel gestraft of aangemoedigd om ons gedrag te verbeteren. Kortom, ons wordt 

door zowel positieve als negatieve bekrachtiging geleerd om prosociaal te zijn en ons te 

ontwikkelen tot een prettig mens.  

Het is eigenlijk een soort "prosocialiteitsbootcamp". Het doorlopen van die training als kind 

doen wij niet voor niets, want als alles goed gaat leert het ons om ons zo te gedragen dat onze 

leeftijdsgenoten met ons willen blijven omgaan. Zonder het te weten hebben we hier eigenlijk de 

basisprincipes geleerd om wederkerigheid bij anderen uit te lokken. Als wij aardig zijn tegen onze 

leeftijdgenoten, zullen zij aardig zijn tegen ons, en vice versa. Als onze omgeving onze 

vriendelijkheid beantwoordt, kunnen wij ervoor kiezen om in de toekomst opnieuw met hen om te 

gaan. Wederkerigheid, of misschien beter gezegd de verwachting van wederkerigheid, ligt dus aan 

de basis van de vorming van gezonde relaties.  

Gedurende het grootste deel van de menselijke geschiedenis was de verwachting van directe 

wederkerigheid best logisch. In hechte gemeenschappen met onderlinge afhankelijkheid tussen 

leden van de gemeenschap, kan elkaar helpen noodzakelijk zijn om te overleven, en zowel directe 

als indirecte fitness (een maat voor hoe waarschijnlijk het is dat jouw genen doorgegeven zullen 

blijven worden aan volgende generaties) beïnvloeden (West, Griffin, & Gardner, 2007). Bovendien is 

de verwachting van wederkerigheid realistisch in zo een setting. Want, als ik jou vandaag help, weet 

ik dat jij mij later in principe ook kunt helpen. Wederkerigheid is trouwens niet uniek voor mensen, 

ook sommige diersoorten vertonen vormen van directe en indirecte wederkerigheid (Dugatkin, 

1997).  

Bovendien is het onderhouden van een goede relatie veel belangrijker als je opties beperkt 

zijn; als ik besluit te stoppen met reageren op aardig gedrag van anderen in mijn omgeving, kan ik 

mijn sociale status in gevaar kunnen brengen en het risico lopen om uit de groep te worden gezet. 
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Wederkerigheid houdt ook nauw verbamd met gedragingen met een wederzijds voordeel, waarmee 

gedrag bedoeld wordt dat een gemeenschappelijk doel dient (West et al., 2007) 

 

Waarom zou je vreemden helpen? 

Denken aan een hechte gemeenschap waarin iedereen elkaar helpt, illustreert mooi de 

verwachting dat anderen vriendelijkheid met vriendelijkheid zullen beantwoorden. Er zijn echter 

veel gevallen waarin we anderen helpen, zelfs als het duidelijk is dat iemand een gunst in de 

toekomst misschien niet zal -of niet kan- teruggeven. We gaan bijvoorbeeld elke dag om met 

tientallen vreemden, en ook al zien we hen meestal nooit meer terug, onder bepaalde 

omstandigheden zijn we toch geneigd te helpen. Terwijl de motivatie om prosociaal gedrag te 

vertonen bij het helpen van collega's, familieleden of vrienden de verwachting van wederkerigheid 

zou kunnen zijn, is het onwaarschijnlijk dat dit een rol speelt bij het helpen van vreemden.  

Waarom zouden we dan anderen helpen als we daar zelf niet direct iets mee opschieten? 

Vanuit rationeel economisch oogpunt is het antwoord niet eenvoudig. Als er niets tastbaars te 

winnen valt bij prosociaal gedrag, waarom zouden we dat dan toch doen? Waarom zou je een 

oudere dame helpen een product op de bovenste plank te pakken als het onwaarschijnlijk is dat ze 

je in de toekomst in de hoogte passeert en jou iets aanreikt waar jij niet bij kunt? Waarom zou je een 

toerist op de foto zetten als je hem waarschijnlijk niet zult tegenkomen tijdens een toekomstige 

vakantie in zijn thuisland? Waarom zou je doneren aan liefdadigheid, als liefdadigheid zeker nooit 

aan jou zal doneren? 

Er zijn verschillende theorieën, naast wederkerigheid, die prosociaal gedrag in verschillende 

contexten zouden kunnen verklaren. Andere motivatoren van prosocialiteit zijn bijvoorbeeld kin-

altruïsme (de neiging om aardiger te zijn tegen familie, wat belangrijk is in hoofdstuk 5), in-group 

favoritism (de neiging om aardiger te zijn tegen leden van dezelfde groep, wat relevant is voor 

hoofdstuk 6), en prosociaal gedrag dat dient als een sociaal signaal om bijvoorbeeld je status te 

verbeteren (Grafen, 1990; Zahavi, 1975) (bijvoorbeeld; als je deelt laat je aan anderen zien dat je 

genoeg middelen hebt om te delen), die in deze scriptie niet aan de orde zullen komen (voor een 

overzicht zie: McAndrew, 2018) .  

Een andere mogelijke motivator voor prosociaal gedrag is dat het helpen van anderen ons 

gelukkiger lijkt te maken. Reflecterend op waarom ikzelf soms vreemden help, is een deel van de 

reden dat het me vaak een gevoel heeft gegeven van energie, blijheid of nuttig zijn. Zien hoe een 

klein beetje vriendelijkheid iemands dag kan opvrolijken, of een glimlach kan toveren op het gezicht 

van een vreemde, kan voor mij reden genoeg zijn. Met andere woorden, prosociaal gedrag ten 
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opzichte van anderen voelt voor mij belonend. In de literatuur wordt dit belonende gevoel bij het 

verrichten van prosociale handelingen aangeduid als een ‘vicarious reward experience’ 

(plaatsvervangende beloningservaringen), of in de volksmond als ‘de warme gloed van het geven’ 

(Andreoni, 1990).  

Het overkoepelende doel van mijn proefschrift was om de ontwikkeling van deze 

plaatsvervangende beloningservaringen in de adolescentie te onderzoeken, en inzicht te krijgen in 

de factoren die een rol spelen bij het al dan niet ervaren van een gevoel van beloning wanneer 

anderen beloond / geholpen worden. Bij het algemene onderwerp van plaatsvervangende 

beloningen waren er verschillende vragen die mijn interesse specifiek wekten: in hoeverre 

resulteert het helpen van anderen in het algemeen in een plaatsvervangende beloningservaring? 

Zijn plaatsvervangende beloningservaringen exclusief voor degenen die dicht bij je staan, of komen 

ze ook voor bij beloningen voor onbekende anderen? En zo ja, van welke individuele verschillen zijn 

plaatsvervangende beloningservaringen voor onbekende anderen dan eigenlijk afhankelijk?   

Met betrekking tot de ontwikkeling van prosociaal gedrag kunnen ervaringen van 

plaatsvervangende beloning misschien helpen verklaren waarom we opgroeien om ons prosociaal 

te gaan en te blijven gedragen. Er zou, in andere woorden, een verband kunnen bestaan tussen 

anderen helpen en een goed gevoel hebben, mogelijk als gevolg van het doorlopen van het 

prosocialiteitsbootcamp waar ik het eerder over had. Als zo’n relatie inderdaad bestaat, zouden 

prosociale daden kunnen leiden tot een zelfversterkend patroon van prosociaal gedrag. Net zoals we 

verslaafd kunnen raken aan een "runner's high" en steeds vaker gaan hardlopen, zou er misschien 

zoiets kunnen bestaan als een "helper's high" dat ons stimuleert om in de toekomst meer prosociaal 

te handelen?  

 

Prosociaal gedrag in de adolescentie  

Met betrekking tot de ontwikkeling van prosociaal gedrag is de adolescentie een bijzonder 

interessante periode. Dat wil zeggen, ook al worden de algemene bouwstenen van prosocialiteit al 

op jonge leeftijd aangeleerd (Brownell, 2013), een tweede ontwikkelingsperiode van verfijning van 

prosocialiteit vindt plaats in de adolescentie. De adolescentie begint met de start van de puberteit 

(rond de 10 jaar) en loopt tot ongeveer 22 jaar, hoewel het einde van de adolescentie grotendeels 

cultureel bepaald is (Crone & Dahl, 2012). Tijdens de adolescentie worden kinderen autonomer en 

brengen ze steeds meer tijd door met leeftijdsgenoten in plaats van met ouders. Gerelateerd aan 

deze verschuiving in met wie kinderen hun tijd doorbrengen, hebben leeftijdsgenoten in 

toenemende mate invloed op hun gedrag (Steinberg, 2001) en zelfbeeld, worden kinderen vaardiger 
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in het innemen van het perspectief van anderen, en beginnen ze meer volwassen prosociale doelen 

te ontwikkelen (Eisenberg, Carlo, Murphy, & van Court, 1995; Eisenberg, Fabes, & Spinrad, 2006). 

Mogelijk voelen sommige adolescenten een toenemende behoefte om prosociaal gedrag te vertonen 

om de samenleving te helpen (Fuligni, 2018). Kortom, met meer autonomie en een groter 

perspectiefnemend vermogen is de adolescentie een fase die gepaard gaat met meer mogelijkheden 

voor prosocialiteit. 

Aan de andere kant wordt de adolescentie daarnaast gekenmerkt door meer risico's nemen 

en opstandig gedrag dat kan samenhangen met negatieve uitkomsten later in het leven. Deze 

veranderingen in gedrag worden in verband gebracht met de ontwikkeling van het zoeken naar 

sensatie en met impulscontrole. Terwijl sensatie zoeken snel toeneemt wanneer de puberteit 

aanbreekt (en op een verhoogd level blijft tot de vroege volwassenheid), is impulscontrole nog niet 

volledig ontwikkeld (Shulman et al., 2016; Steinberg, 2013). Zie figuur 1 voor een grafische 

weergave van de relatieve ontwikkelingsverschillen in sensatie zoeken en impulscontrole uit een 

nationaal longitudinaal onderzoek in de Verenigde Staten (Steinberg, 2013).  

  

Figuur 1. Aangepast uit Steinberg, 2013. Ontwikkelingstrajecten van zelfgerapporteerde 

sensatiezucht (sensation-seeking) en impulscontrole (impulse control). 

 

Gezien zowel de optimistische benadering dat de adolescentie wordt gekenmerkt door 

sociale ontwikkeling als de meer negatieve benadering dat de adolescentie wordt gekenmerkt door 

een toename in het nemen van risico's, kan je de adolescentie zien als een periode met zowel risico's 
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als kansen. Hoewel deze negatieve en positieve kenmerken van de adolescentie tegenstrijdig lijken, 

zou zowel prosociaal gedrag als het nemen van risico's beïnvloed kunnen worden door een 

onderliggende gevoeligheid voor beloningen (Blankenstein, Telzer, Do, van Duijvenvoorde, & Crone, 

2020). Dat wil zeggen, adolescenten zijn gevoeliger voor beloningen tijdens de adolescentie in 

vergelijking met de kindertijd en volwassenheid, en vooral wanneer leeftijdsgenoten aanwezig zijn 

(van Hoorn, Fuligni, Crone, & Galván, 2016). Met de focus op plaatsvervangende beloning in mijn 

proefschrift, onderzocht ik de hypothese dat beloningen voor anderen op vergelijkbare wijze 

belonend kunnen zijn (dat wil zeggen, geassocieerd kunnen worden met een plaatsvervangende 

beloningservaring) als beloningen voor jezelf. 

 

Functional magnetic resonance imaging (fMRI) & beloningsgevoeligheid 

Neuroimaging studies (studies waarbij op een of andere manier wordt gekeken naar wat er 

in de hersenen gebeurt) naar beloningsverwerking bij volwassenen hebben de basis gelegd voor 

mijn eigen reeks studies naar plaatsvervangende beloning (Harbaugh, Mayr, & Burghart, 2007; Moll 

et al., 2006). Hoewel er verschillende soorten neuroimaging worden gebruikt in het veld, gebruikt 

een meerderheid van de onderzoekers die geïnteresseerd zijn in hersenfuncties ‘functional 

magnetic resonance imaging’ (fMRI) als onderzoeksmethode. Functionele MRI is bijzonder geschikt 

om neurale processen te onderzoeken door het detecteren van variaties in de bloedoxygenatie in de 

hersenen, uitgedrukt in het bloedoxygen niveau afhankelijk signaal (BOLD). Het BOLD-signaal 

weerspiegelt dalingen in zuurstofarm bloed (d.w.z. hemoglobine) die het gevolg zijn van een 

toename van het zuurstofverbruik in een actief gebied. Aangezien zuurstofarm bloed andere 

magnetische eigenschappen heeft dan zuurstofrijk bloed, kan met fMRI worden vastgesteld welke 

gebieden in de hersenen van relatief meer zuurstofrijk bloed worden voorzien (Attwell & Iadecola, 

2002).  

 Kortom, het BOLD signaal stelt ons in staat om te onderzoeken welke hersengebieden 

relatief meer 'actief' zijn (d.w.z. hogere niveaus van zuurstofrijk bloed) in de ene conditie dan in de 

andere. Als je bijvoorbeeld specifieke hersengebieden wilt vinden die reageren op het kijken naar 

huizen en gezichten, kan je iemand een reeks plaatjes van huizen en dan een reeks plaatjes van 

gezichten achter elkaar laten zien in de fMRI scanner. Dat leidt tot een gemiddeld BOLD signaal in de 

huizenreeksen-conditie en de gezichtenreeksen-conditie. Door vervolgens het gemiddelde BOLD 

signaal in de huizenconditie af te trekken van de gezichtenconditie, kun je bepalen welke gebieden 

in dat setje hersenen sterker reageren op gezichten dan op huizen, en andersom. Door het 

gemiddelde te nemen van deze verschilscore over een groep deelnemers, kun je er regio's uitfilteren 
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die bij alle deelnemers actief zijn voor gezichten en huizen, of bepalen of de activiteit in een 

overlappende regio verschilt in intensiteit afhankelijk van de taakconditie (bijvoorbeeld, de visuele 

cortex is altijd actief wanneer je aan het kijken bent, maar is misschien nog net iets actiever als je 

naar een gezicht kijkt dan naar wanneer je naar een huis kijkt). 

In de taak die ik heb gebruikt in de hoofdstukken 2, 3 en 4 van dit proefschrift, presenteerde 

ik deelnemers in plaats van gezichten en huizen stimuli die stonden voor beloningen voor henzelf en 

voor een goed doel, waardoor ik het BOLD signaal in verschillende gebieden in de hersenen kon 

vergelijken tijdens het verwerken van beloningen voor zelf en anderen. Eerdere studies hebben 

samen aangetoond dat het ventrale striatum (VS), specifiek de nucleus accumbens (NAcc, in de 

volksmond bekend als het 'beloningscentrum' van de hersenen) en de orbitofrontale cortex (OFC), 

naast andere functies, geassocieerd zijn met het anticiperen op beloningen (Knutson & Greer, 2008) 

en het belonende gevoel als je zelf iets krijgt (Berridge & Kringelbach, 2015; Moll et al., 2006; 

Montague & Berns, 2002). Het VS is actief voor een groot aantal beloningen, van voedselbeloningen 

tot sociale beloningen tot erotische beloningen (Sescousse, Caldú, Segura, & Dreher, 2013).  

Deze bevindingen bieden een belangrijk perspectief om de reactiviteit op beloningen in de 

adolescentie te onderzoeken. Verschillende studies toonden hogere reacties op beloningen in de 

adolescentie in vergelijking met de kindertijd en volwassenheid, wat werd geïnterpreteerd als 

hogere emotionele reactiviteit (Braams, van Duijvenvoorde, Peper, & Crone, 2015; Silverman, Jedd, 

& Luciana, 2015). Het concept van hogere gevoeligheid in de adolescentie voor beloningen komt 

voort uit meta-analyses en conceptuele modellen die suggereren dat de subcorticale en corticale 

hersengebieden verschillende ontwikkelingstrajecten volgen (Goddings et al., 2014; Sussman, 

Leung, Chakravarty, Lerch, & Taylor, 2016; Tamnes et al., 2017). Deze modellen staan over het 

algemeen bekend als ‘imbalence’ modellen (Shulman et al., 2016). Zie Figuur 2 voor een voorbeeld 

van het 'dual-systems' model (Steinberg, 2008). Hoewel er een algemene consensus is over de 

relatieve toename van sensatie zoeken en hyperactiviteit van het sociaal-emotionele systeem 

binnen de verschillende ‘imbalance’ modellen, zijn er enkele verschillen in het veronderstelde 

traject van cognitieve controle. Dat wil zeggen, terwijl sommigen veronderstellen dat het traject van 

de ontwikkeling van cognitieve controle een omgekeerde U-vorm volgt (Casey, Getz, & Galvan, 2008; 

Steinberg, 2008), veronderstellen anderen dat de ontwikkeling van cognitieve controle een 

asymptoot (een plafond in een grafiek dat wordt benaderd, maar nooit wordt doorkruist) benadert 

aan het einde van de midden-adolescentie (Luciana & Collins, 2012; Luna & Wright, 2015).  
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Figuur 2. Dual systems model, aangepast uit Steinberg, 2013. Veronderstelde relatieve 

ontwikkeling van sociaal-emotionele systemen (socio-emotional systems; in grijs) en cognitieve 

controlesystemen (cognitive control; in zwart). 

 

Wanneer we de schijnbare paradox tussen risico's en kansen die we zien in de adolescentie 

proberen te verklaren, zou de ontwikkeling van beloningsgevoeligheid voor persoonlijke 

beloningen en beloningen voor anderen kunnen helpen. Terwijl beloningsgevoeligheid in verband is 

gebracht met risicovol gedrag in de adolescentie, zoals drinken en middelengebruik, zou 

beloningsgevoeligheid ons in de context van plaatsvervangende beloning kunnen informeren over 

een mogelijke reden om prosociaal gedrag te vertonen. In lijn met de ‘imbalance modellen’ laten 

sommige studies inderdaad een relatieve hyperactiviteit in het ventrale striatum zien tijdens 

beloningsverwerking voor jezelf (Galvan et al., 2006; Schreuders, Braams, Crone, & Güroğlu, 2021; 

Silverman et al., 2015). Hoewel deze hyperactiviteit in verband kan worden gebracht -en is 

gebracht- met de hierboven genoemde risico's (i.e. risicovol gedrag), hebben studies het ook in 

verband gebracht met prosociaal gedrag, zoals het geven aan familie (Telzer, Fuligni, Lieberman, & 

Galván, 2013). Kortom, zowel risicovolle als meer normatieve ontwikkeling zou respectievelijk 

gerelateerd kunnen zijn aan in contact komen met meer risicovolle of meer prosociale stimuli.  
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Om te onderzoeken of de hersengebieden die betrokken zijn bij het verwerken van 

beloningen voor jezelf ook betrokken zijn bij het verwerken van beloningen voor anderen, is in 

eerdere studies gebruik gemaakt van plaatsvervangende beloningstaken. Deze taken presenteren 

meestal meerdere uitkomsten voor jezelf, en een wisselende andere partij, zoals een familielid, 

goede vriend, of een andere, onbekende entiteit, zoals een vreemdeling of een goed doel. 

Vergelijkbare patronen van activatie worden waargenomen in het ventrale striatum bij beloningen 

voor jezelf én bij beloningen voor anderen, zowel bij volwassenen (Genevsky, Västfjäll, Slovic, & 

Knutson, 2013; Harbaugh et al., 2007; Morelli, Knutson, & Zaki, 2018) als bij adolescenten (Braams 

& Crone, 2017).  

Echter, terwijl activiteit in het ventrale striatum consistent zichtbaar te zijn voor beloningen 

voor jezelf, lijkt het al dan niet actief zijn van het ventrale striatum voor beloningen voor anderen 

meer afhankelijk te zijn van verschillen in de context, zoals hoe belangrijk je de ander vindt 

(Braams, Güroǧlu, et al., 2014; Telzer et al., 2013) en de mate waarin deelnemers bereid zijn om te 

geven in een experimentele context buiten de scanner (Kuss et al., 2013).  

In het eerste deel van deze dissertatie (hoofdstuk 2 tot en met 4) ga ik in op verschillende 

contextuele factoren die van invloed zouden kunnen zijn op het al dan niet geassocieerd zijn van 

winst voor anderen met plaatsvervangende beloning, zoals de identiteit en het gedrag van het 

doelwit en de relatie tot het doelwit, evenals individuele verschillen in perspectief nemen en 

empathische zorg. Wat specifiek plaatsvervangende beloning betreft, hebben ontwikkelingsstudies 

enig bewijs gevonden voor een vergelijkbare neurale beloningspiek in de adolescentie voor winst 

voor anderen (Schreuders e.a., 2021). Mogelijk wijst dit erop dat hetzelfde neurale 

beloningssysteem voor winst voor het zelf, ook betrokken is bij plaatsvervangende beloning bij het 

helpen van anderen. In drie van de vijf studies die in dit proefschrift zijn opgenomen, onderzoek ik 

plaatsvervangende beloning voor het doneren aan een goed doel. Ik heb bewust gekozen voor goed 

doelen als doelwit, omdat het een duidelijk omschreven afstandelijk en onbekend doelwit is waar 

adolescenten geen directe relatie mee hebben, in tegenstelling tot vrienden en familieleden, 

waarmee deelnemers een wederkerige relatie hebben. 

 

 

Wie helpen we? 

In het tweede deel van het proefschrift (hoofdstuk 5 en 6), ga ik dieper in op de rol van 

hechte relaties in plaatsvervangende beloningservaringen. Specifiek onderzocht ik de neurale 

correlaten van het verkrijgen van beloningen voor je eigen kinderen, en onderzocht ik prosociaal 



   
 

130 
 

gedrag (helpgedrag) ten opzichte van vrienden en onbekende anderen in de adolescentie buiten de 

MRI-scanner. 

Zowel in de hoofdstukken over plaatsvervangende beloningservaringen voor degenen die 

dichtbij je staan als die over de rol van hechte relaties bij plaatsvervangende beloningservaringen, 

werd een centrale rol weggelegd voor perspectief nemen. In de literatuur over sociaal gedrag is een 

netwerk gevonden dat consistent betrokken is bij het denken over gedachten en perspectieven van 

anderen het sociale hersennetwerk. Dit netwerk bestaat uit de media prefrontale cortex (mPFC), de 

temporoparietale junctie (TPJ) en de superieure temporale sulcus (STS) (Adolphs, 2009; Blakemore, 

2008; Frith & Frith, 2003). Naast de verwerking van beloningen in de VS, zou onderzoek naar 

activatie in de mediale PFC, TPJ en STS dus verder kunnen ophelderen hoe de verwerking van 

plaatsvervangende beloningen voor verschillende anderen afhankelijk zou kunnen zijn van het 

vermogen om je verplaatsen in een ander. Gezien de verschillende sociale situaties waarin 

adolescenten zich in toenemende mate bevinden, zou het uitbreiden van de kennis over de rol van 

perspectiefneming implicaties kunnen hebben voor het begrijpen van de verschillende motieven 

achter prosociaal gedrag. 

 

Dit proefschrift 

Het primaire doel van dit proefschrift was het onderzoeken van plaatsvervangende 

beloningen en de hersenprocessen die daarbij betrokken zijn, met een focus op plaatsvervangende 

beloningen voor goede doelen en de ontwikkeling daarvan tijdens de adolescentie. Verder wilde ik 

onderzoeken hoe activiteit tijdens de verwerking van plaatsvervangende beloningen samenhangt 

met individuele verschillen in perspectief nemen, empathie, en prosociaal gedrag. Tenslotte 

onderzocht ik de rol van de aard van relaties op hersenactiviteit bij plaatsvervangende beloningen 

en de rol van vriendschap in prosociaal gedrag naar daders en slachtoffers van sociale uitsluiting. 

Om dit te bereiken gebruikte ik een mix van fMRI, vragenlijsten, en gedragstaken, die ik in de 

volgende sectie graag toelicht. 

 

fMRI Taken en gedragsparadigma's 

False choice vicarious reward task (COSY, gebruikt in de hoofdstukken 2-

4) 

Om te onderzoeken hoe plaatsvervangende beloningen worden verwerkt in de hersenen, 

ontwierpen ik en mijn collega's een nieuwe taak met het acroniem COSY (kort voor Charity Or Self 
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Yield). In de COSY nemen deelnemers steeds een gokje door te kiezen om een van twee gordijnen te 

openen. Het openen van een gordijn onthult ofwel een beloning in euro's voor henzelf en/of een 

zelfgekozen goed doel, ofwel geen beloning. Zonder dat de deelnemers het weten, bevatten beide 

gordijnen dezelfde beloning, en maakt hun keuze niet uit voor het resultaat. De beloningen 

veranderen per trial (elke cyclus waarin je gokt en vervolgens een uitkomst ziet noemen we een 

‘trial) in een vooraf bepaalde volgorde die voor alle deelnemers identiek was.  

 In elke trial van de taak kregen de deelnemers een blauw gordijn en een rood gordijn 

te zien aan de linker- en rechterkant van het scherm. Deelnemers reageerden met een knop voor de 

wijsvinger voor het linker gordijn of met een knop voor de middelvinger voor het rechter gordijn. 

Na het drukken op de knop wordt het gordijn opgetrokken en ziet de deelnemer de uitkomst.  

  De uitkomsten van de taak werden verdeeld tussen de deelnemer en het 

zelfgekozen goede doel, met twee verschillende situaties; een situatie waar 4 euro werd verdeeld, 

en een situatie waar 2 euro werd verdeeld. In tabel 1 kan je de verschillende uitkomsten onder 

elkaar zien voor de deelnemer zelf (Self) en het goede doel (Charity).  

 

Tabel 1. uitkomsten in de COSY taak 

Condition Self High Self Low Charity 

High 

Charity 

Low 

Both 

High 

Both Low Both No 

Gain 

Self € 4 € 2 € 0 € 0 € 2 € 1 € 0 

Charity € 0 € 0 € 4 € 2 € 2 € 1 € 0 

 

Sociaal Emotionele Reactiviteitstaak (SERT, gebruikt in hoofdstuk 5) 

In hoofdstuk 5 van het proefschrift onderzocht ik de verwerking van plaatsvervangende 

beloningen voor vrienden, en voor kinderen in een sample met moeders. Om dit te onderzoeken in 

een fMRI-taak, gebruikten we licht aangepaste versie van de sociaal emotionele reactiviteitstaak 

(Braams & Crone, 2016; Braams, Güroǧlu, et al., 2014; Braams, Peters, Peper, Güroǧlu, & Crone, 

2014; Braams et al., 2015), waarbij deelnemers geld konden winnen in een goktaak voor zichzelf, 

hun beste vriend, en hun kind. Bij elke trial voorspelden deelnemers of een door de computer 

gemaakte coin-flip zou landen op kop of munt (met 50/50 kansen). Bij een juiste voorspelling 

wonnen of verloren de deelnemers het aantal munten dat op het scherm te zien was.  

Exclusion Cyberball (gebruikt in hoofdstuk 6) 
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In hoofdstuk 6, voerde ik een experiment uit waarbij adolescenten deelnamen aan 

"Cyberball". Cyberball (Williams, Cheung, & Choi, 2000) is een bekend paradigma (Scheithauer, 

Alsaker, Wölfer, & Ruggieri, 2013) om sociale buitensluiting te simuleren waarbij deelnemers 

worden buitengesloten door twee andere voorgeprogrammeerde spelers in een virtueel bal-gooi-

spel. 

In de loop der tijd hebben onderzoekers verschillende aanpassingen gemaakt aan dit 

klassieke paradigma, waaronder het toekennen van verschillende rollen aan de computerspelers. In 

mijn studie speelden deelnemers eerst een ronde inclusie Cyberball, waarna ze drie anderen 

observeerden die twee rondes speelden: eerst een inclusieronde met drie onbekende 

leeftijdsgenoten, en daarna een ronde waarin de beste vriend van de deelnemer (i.e. de vriend-

uitsluiter), samen met een andere onbekende leeftijdsgenoot (i.e. de onbekende buitensluiter), een 

onbekende leeftijdsgenoot (i.e. het slachtoffer van sociale buitensluiting) buitensloot.  

Om het prosociale gedrag van de deelnemer te onderzoeken, hadden deelnemers de 

mogelijkheid om alle spelers in de spellen te straffen of te helpen (Will & Güroğlu, 2016). Ik was 

vooral geïnteresseerd in het onderscheid in helpgedrag ten opzichte van de beste vriend, het 

slachtoffer en de onbekende buitensluiter. 

 

Samenvatting van de resultaten 

Dit proefschrift had verschillende doelen. In de eerste plaats wilde ik inzicht krijgen in de 

neurale correlaten van plaatsvervangende beloningen, met een focus op plaatsvervangende 

beloningen voor goede doelen en de ontwikkeling daarvan tijdens de adolescentie. Ten tweede 

onderzocht ik hoe neurale activiteit tijdens plaatsvervangende beloningen samenhangt met 

individuele verschillen in perspectief nemen, empathie en prosociaal gedrag (hoofdstukken 2, 3 en 

4). Tenslotte heb ik geprobeerd zowel de rol van familierelaties in plaatsvervangend winnen te 

verhelderen (hoofdstuk 5), als de rol van vriendschappen in prosociaal gedrag naar daders en 

slachtoffers van sociale buitensluiting (hoofdstuk 6). In de volgende paragrafen vat ik de 

belangrijkste bevindingen van mijn proefschrift kort samen. 

Plaatsvervangende beloningen bij volwassenen 

In hoofdstuk 2 onderzocht ik de neurale kenmerken van het winnen van geld voor jezelf en 

van het winnen van geld voor het goede doel. Een steekproef van jongvolwassenen (N = 31, 21-24 

jaar oud) deed de COSY (Charity Or Self Yield) taak terwijl ze in een fMRI scanner lagen. Tijdens de 

taak namen deelnemers keuzes die resulteerden in winst voor henzelf (ten koste van het goede 

doel), winst voor een zelfgekozen goed doel (ten koste van zichzelf), of gedeelde winst voor henzelf 
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en het goede doel. Na afloop vulden de deelnemers vragenlijsten in over perspectief nemen en 

empathie, en daarna konden ze ervoor kiezen om écht iets te doneren aan een goed doel in een 

zogeheten Dictator Game. 

De resultaten toonden verhoogde neurale activiteit in het ventrale striatum (specifiek in de 

NAcc; Sescousse et al., 2013) voor beloningen voor jezelf en gedeelde beloningen, maar niet voor 

beloningen voor het goede doel. Vervolgens onderzocht ik of de afwezigheid van activiteit in het 

ventrale striatum activiteit bij beloningen voor goede doelen, verklaard kon worden door 

verschillen tussen individuen. Het bleek dat activiteit in het VS bij beloningen voor goede doelen 

gerelateerd was aan de zelfgerapporteerde empathie deelnemers en het zelfgerapporteerde plezier 

bij het winnen voor het goede doel. Hoe empathischer deelnemers waren, en hoe meer ze aangaven 

dat ze het fijn vonden als het goede doel won, hoe maar activiteit er te zien was in het VS. Bovendien 

was empathie gerelateerd aan het bedrag dat werd gedoneerd aan het goede in het Dictator Game: 

deelnemers die hoger scoorden op empathie doneerden een groter deel  van hun geld aan het goede 

doel. Deze bevindingen wijzen erop dat activiteit in het VS bij beloningen voor goede doelen 

gerelateerd is aan de mate waarin individuen gevoelens begrijpen van anderen, en de mate waarin 

mensen bereid zijn om zelf te doneren aan een goed doel. 

Kortom, mijn eerste studie naar plaatsvervangende beloningen toonde aan dat of een 

uitkomst aan activatie in het ventrale striatum was gerelateerd afhankelijk was van het doelwit (wie 

er wint) en van individuele verschillen in empathie. Terwijl ik robuuste VS activatie vond wanneer 

deelnemers iets voor henzelf wonnen, was activiteit in het VS voor plaatsvervangende 

liefdadigheidsverdienste afhankelijk van individuele verschillen in empathische bezorgdheid en in 

hoe fijn je het vindt als het goede doel wint. Voorafgaand aan de studie had ik de verwachting dat 

gedeelde winsten plezieriger zouden kunnen zijn dan winsten alleen voor jezelf, of alleen voor het 

goede doel. Deze verwachting was gebaseerd op eerdere bevindingen die aantoonden dat gedeelde 

winst in een Prisoners Dilemma gerelateerd is aan meer VS activatie (Rilling et al., 2002), maar ik 

vond geen ondersteuning voor zo’n effect in mijn eigen onderzoek. Het is waarschijnlijker dat VS 

activiteit schaalt met de winst voor jezelf (en dat winsten voor allebei alleen belonend ervaren 

worden omdat je er zelf ook iets aan over houdt). Alles bij elkaar genomen, ondersteunt deze studie 

het idee dat VS activiteit het subjectieve plezier van een beloning weerspiegelt. Bovendien, 

individuele verschillen, hier in empathie, zouden kunnen beïnvloeden in welke beloningen voor 

anderen door jou worden ervaren als belonend.  

Plaatsvervangende beloningen in de adolescentie 
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In hoofdstuk 3 heb ik onderzocht hoe persoonlijke en plaatsvervangende beloningen 

worden ervaren in de adolescentie. Specifiek wilde ik onderzoeken of de relatief sterkere activiteit 

in het ventrale striatum tijdens beloningsverwerking voor jezelf in de adolescentie (Galvan et al., 

2006; Schreuders et al., 2021; Silverman et al., 2015) ook gevonden zou kunnen worden voor 

plaatsvervangende winsten voor het goede doel. Een groep adolescenten (160 jongeren, in de 

leeftijd van 11-21 jaar) speelde de COSY-taak in een fMRI-scanner. Ook in deze studie hadden de 

deelnemers de optie om te doneren aan een goed doel in een one-shot Dictator game.  

De resultaten repliceerden gedeeltelijk de bevindingen van hoofdstuk 2. Dat wil zeggen, 

persoonlijke beloningen en gedeelde beloningen waren geassocieerd met activiteit in het ventrale 

striatum, terwijl beloningen voor het goede doel dat niet waren, althans, niet op groepsniveau. 

Echter, in tegenstelling tot de studie bij volwassenen, was in deze ontwikkelingsstudie individuele 

variatie in VS activiteit voor plaatsvervangende beloningen voor het goede doel gerelateerd aan 

individuele verschillen in donatiegedrag en perspectief nemen, in plaats van aan empathie en 

zelfgerapporteerd plezier. Empathie en perspectief nemen worden vaak gezien als verwante 

constructen. Terwijl perspectief nemen sterker gerelateerd is aan het begrip van gevoelens van 

anderen, verwijst empathie naar het delen van gevoelens van anderen. Deze studie kan dus worden 

gezien als een uitbreiding van de vorige studie door de nadruk te leggen op de rol van het nemen 

van perspectief en feitelijk donatiegedrag.  

Deze studie stelde me door de grotere steekproef ook in staat om te testen of regio's uniek 

betrokken waren bij zelfwinst, gedeelde winst of winst voor het goede doel. Het bleek dat de dorsale 

anterieure cingulate cortex, de insula en de precentrale gyrus actief waren bij het winnen van geld 

voor jezelf. Bovendien was de temporaal-pariëtale junctie actiever voor winst voor het goede doel 

dan voor gedeelde winst. Deze regio was eerder onder andere betrokken bij het switchen van 

aandacht tussen jezelf en anderen (Schurz, Aichhorn, Martin, & Perner, 2013), waardoor het zou 

kunnen dat deze regio een rol speelde bij het wisselen tussen aandacht voor je eigen uitkomsten, en 

die van het goede doel (Tusche, Böckler, Kanske, Trautwein, & Singer, 2016). 

Ontwikkeling van plaatsvervangende beloningen  

In hoofdstuk 4 onderzocht ik de ontwikkelingspatronen van activatie in het ventral striatum. 

De groep deelnemers die in detail is beschreven in hoofdstuk 3 (10-22 jaar) werd gevolgd over een 

periode van 3 jaar, en elk jaar kwamen zij naar het lab om deel te nemen aan de studie. Wij 

gebruikten elk jaar dezelfde taken, zodat we over de tijd heen zouden kunnen vergelijken hoe 

bepaalde aspecten zich ontwikkelen.  
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Net als bij de andere studies maakten de deelnemers eerst de COSY taak in de fMRI scanner. 

Vervolgens vulden deelnemers vragenlijsten in over hoe fijn ze het vonden als ze zelf iets wonnen of 

als het goede doel iets won, over het belang van het zelfgekozen goede doel, over perspectief nemen 

en over empathie. Tenslotte hadden deelnemers ook hier weer de optie om deelnemersgeld te 

doneren aan een goed doel in een one-shot Dictator Game. Op gedragsniveau namen donaties in het 

one-shot Dictator Game en het vermogen om perspectief te nemen toe met leeftijd, terwijl het hoe 

fijn jongeren aangaven het te vinden als zij of het goede doel iets won afnam met de leeftijd. Op 

neuraal niveau repliceerde ik de VS activatie bij beloningen voor jezelf op alle drie de tijdpunten. 

Longitudinale modellering toonde aan dat VS activiteit voor beloningen voor jezelf het hoogst was 

in de vroege adolescentie en afnam met de leeftijd, terwijl VS activiteit bij beloningen voor het 

goede doel een stabiel ontwikkelingspatroon vertoonde. Verder waren de toenames in 

donatiegedrag over tijd geassocieerd met minder differentiatie tussen VS activatie bij beloningen 

voor jezelf en het goede doel. De longitudinale bevindingen repliceren dus de observaties in de 

cross-sectionele studie gerapporteerd in hoofdstuk 3, en breiden deze uit, door zich te richten op 

variatie binnen personen over de tijd heen.  

Plaatsvervangende beloningen in hechte relaties 

In hoofdstuk 5 onderzocht ik de rol van plaatsvervangende beloninge als een manier om te 

kijken naar sociale verbondenheid in moeder-kind relaties. In bredere zin stelde deze studie me in 

staat om te onderzoeken of het ervaren van beloning als iemand anders iets krijgt afhankelijk zou 

kunnen zijn van de hechtheid van die relatie. Aangezien de moeder-kind relatie in de regel genomen 

erg hecht is vergeleken met de relatie tot een goed doel, zouden verschillen in de uitkomsten licht 

kunnen werpen op hoe belangrijk de sterkte van een relatie is voor het ervaringen van 

plaatsvervangende beloning.  

Ik verlegde in deze studie de focus van mijn proefschrift door de moeders van adolescenten 

te onderzoeken in plaats van de adolescenten zelf. Een kleine steekproef van 20 moeders (41-55 

jaar oud) voerden een goktaak uit in de fMRI scanner waarbij ze geld konden verdienen voor 

zichzelf, hun beste vriendin en hun adolescente kind. Op gedragsniveau gaven de deelneemsters aan 

de beloningen voor hun kinderen als het meest fijn te ervaren, in vergelijking met de beloningen 

voor hun beste vriend of vriendin en de beloningen voor henzelf. Op neuraal niveau was de VS 

activiteit sterker voor winnen dan voor verliezen, voor zowel beloningen voor het adolescente kind 

en beste vriend(in) als voor beloningen voor zichzelf. Bovendien vond ik meer activiteit in de 

dorsomediale prefrontale cortex (dmPFC), precuneus, en temporo-parietale junctie (TPJ) voor 

plaatsvervangende beloningen dan voor beloningen voor henzelf, consistent met hoofdstuk 3. 
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Bovendien waren deze regio's actiever voor deelnemers die aangaven dat hun vriend of kind het 

verdiende om meer te winnen. Kortom, de resultaten van dit hoofdstuk laten zien dat beloningen 

voor anderen als beloningen voor jezelf op vergelijkbare wijze worden verwerkt in hechte relaties. 

Samen met de resultaten van de eerdere hoofdstukken over plaatsvervangende winst voor het 

goede doel, ondersteunen deze bevindingen de theorie dat het al dan niet geassocieerd zijn van 

plaatsvervangende winst met plezier afhankelijk is van de relatie tot wie er wint.  

 

Prosocialiteit ten opzichte van buitengesloten vreemden, en vrienden 

Tenslotte heb ik in hoofdstuk 6 prosociaal gedrag in de adolescentie bekeken door te 

onderzoeken hoe een groep van 89 adolescenten (9-16 jaar) zich gedroegen ten opzichte van daders 

en slachtoffers na het observeren van sociale buitensluiting in een virtueel bal-gooi-spel. Ik was 

specifiek geïnteresseerd in de aard van relaties in prosociaal gedrag. De daders van de sociale 

buitensluiting waren in deze studie zowel onbekende leeftijdsgenoten als de vrienden van de 

deelnemers. Als een maatstaf voor prosociaal gedrag lieten we deelnemers twee spellen spelen 

waarbij ze munten konden verdelen na de geobserveerde buitensluiting. In het eerste spel kostte 

het voor de deelnemers niets om te helpen of te straffen, in het tweede spel ging straffen of helpen 

ten kostte van het geld dat deelnemer zelf kregen voor het onderzoek. De resultaten toonden aan 

dat adolescenten zich in deze spellen prosociaal gedroegen ten opzichte van slachtoffers van sociale 

buitensluiting, onbekende buitensluiters straften, maar afzagen van het straffen van buitensluiters 

die hun vrienden waren. Behalve dat deze bevindingen aantonen dat vriendschap een rol speelt in 

de behandeling van daders van sociale buitensluiting in de adolescentie, onderstrepen ze ook het 

belang van de aard van relaties bij het bepalen of adolescenten zich al dan niet prosociaal gedragen 

tegenover anderen. 

Algemene discussie 

Neurale correlaten van plaatsvervangende beloningen 

De studies die in dit proefschrift zijn opgenomen werpen samen licht op verschillende 

aspecten van plaatsvervangende beloning. Ten eerste repliceer ik studies die aantonen dat 

vergelijkbare regio's betrokken zijn bij beloningsverwerking voor jezelf als bij plaatsvervangende 

beloningsverwerking voor anderen die dichtbij je staan (i.e. familieleden of vrienden) (Braams & 

Crone, 2017; Schreuders et al, 2021; Telzer et al., 2013; Telzer, Masten, Berkman, Lieberman, & 

Fuligni, 2010), en anderen die verder van je af staan (d.w.z. goede doelen) (Harbaugh et al., 2007; 

Hare, Camerer, Knoepfle, Rangel, & Rangel, 2010; Moll et al., 2006). De studies in het proefschrift 
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onderstrepen dat zowel het ventrale striatum (specifiek de NAcc) als de mediale prefrontale cortex 

een rol spelen bij plaatsvervangende beloningen bij zowel adolescenten als volwassenen. Daarnaast 

heb ik consequent gevonden dat de verwerking van beloning voor anderen samenhangt met een 

verhoogde rekrutering van de TPJ, een regio die typisch geassocieerd is met het innemen van 

perspectief (Martin, Kessler, Cooke, Huang, & Meinzer, 2020). 

Terwijl sommige eerdere studies een piek vonden in neurale gevoeligheid voor beloning in 

de adolescentie (Silverman et al., 2015; van Duijvenvoorde, Peters, Braams, & Crone, 2016), zag ik in 

mijn eigen studie een lineaire afname over tijd in neurale activiteit voor beloningen voor jezelf, en 

zag ik geen ontwikkelingseffecten voor de verwerking van beloningen voor het goede doel. 

De bevindingen van het huidige proefschrift ondersteunen het idee dat sociaal-emotionele 

systemen een omgekeerde U-vorm zouden volgen in hun ontwikkeling niet. In plaats daarvan zou 

het eenvoudigste model dat mijn resultaten verklaart meer lijken op het maturational imbalance 

model gepresenteerd door Casey en collega's (Casey et al., 2008), waar asynchrone ontwikkeling 

wordt gekenmerkt door een vroegtijdige ontwikkeling van het sociaal-emotionele systeem ten 

opzichte van het cognitieve controle systeem, zonder een U-vorm in de ontwikkeling van het 

sociaal-emotionele systeem (zie figuur 3). 

  

Figuur 3. Maturational Imbalance model, aangepast uit Casey at al., 2008. Veronderstelde 

ontwikkeling van sociaal-emotionele systemen (socio-emotional systems; in grijs) en cognitieve 

controle systemen (cognitive control; in zwart). 
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Een andere mogelijkheid is dat de verschillende patronen met betrekking tot pieken versus 

lineaire veranderingen gedurende de adolescentie verklaard kunnen worden door de specifieke 

aard van de gebruikte taak. Waar eerdere studies die een piek vertoonden vaak taken met winst- en 

verliescondities gebruikten, heeft de COSY (Charity Or Self Yield) taak die gebruikt werd in mijn 

studies een iets andere aanpak, met winst- versus geen winstcondities. De afwezigheid van een piek 

in gevoeligheid is bewijs dat deze piek alleen in bepaalde contexten wordt gevonden. Mogelijk 

wordt het bestaan van deze piek in eerdere studies (Silverman, Jedd, & Luciana, 2015) gedreven 

door verliezen in plaats van winsten. Het is belangrijk dat hier meer onderzoek naar wordt gedaan. 

Ontwikkelingsimplicaties en relatie tot gedrag 

Deze studie sloeg een nieuwe richting in ten opzichte van eerdere fMRI-

ontwikkelingsstudies door gebruik te maken van longitudinale beoordelingen, met name 3 

tijdspunten met gegevens gedrag en hersenactiviteit. Deze aanpak heeft verschillende voordelen, 

omdat het mogelijk is om samenvallende patronen over de tijd heen te toetsen. Zo vond ik dat 

perspectief nemen en donatiegedrag toenam over de tijd heen in de adolescentie. Tegelijkertijd 

toonde ik aan dat het hoe fijn het is om voor jezelf en het goede doel iets te winnen, afneemt in de 

loop van de tijd. Verder vond ik dat de hoogte van het startpunt van adolescenten op bepaalde 

variabelen de richting van verandering op andere factoren voorspelde. In het bijzonder vertoonden 

adolescenten die veel aan het goede doel geven op het eerste tijdspunt kleinere veranderingen in 

activiteitverschillen in het VS voor beloningen voor henzelf en het goede doel, vergeleken met 

adolescenten die minder aan het goede doel gaven. Dit ondersteunt het idee dat we de meeste 

ontwikkelingseffecten kunnen zien bij adolescenten die nog bezig zijn met de ontwikkeling van hun 

sociale vaardigheden, hoewel deze hypothese in de toekomst moet worden getest met behulp van 

interventiestudies. Longitudinale studies kunnen namelijk informatie geven over gelijktijdige 

veranderingen in de tijd, maar kunnen niets zeggen over oorzaak en gevolg.  

Deze studie maakte ook gebruik van een relatief grote steekproef met gedetailleerde 

gedragsbeoordelingen. Hierdoor konden we neurale reacties en gedrag veel gedetailleerder 

combineren in vergelijking met eerdere studies.  

Uit de studies in dit proefschrift naar de warme gloed van het geven in een 

plaatsvervangende beloningstaak voor liefdadigheid (hoofdstuk 2, 3 en 4), vond ik bewijs dat zo'n 

plaatsvervangende beloningsrespons voorkomt bij sommige maar niet alle adolescenten. Specifiek, 

wat de adolescenten die een relatief sterke striatale activiteit voor plaatsvervangende beloningen 

voor liefdadigheid vertonen onderscheidt van de rest van de steekproef, zijn verhoogde niveaus van 
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perspectief nemen en empathische bezorgdheid, evenals verhoogde prosociale donaties in een 

Dictator Game.  

Terugkomend op een van de centrale vragen uit de inleiding: "Waarom zouden we anderen 

helpen als we er zelf niets mee opschieten?", leverde deze dissertatie verschillende nieuwe 

perspectieven op. Op basis van het bewijsmateriaal dat in deze scriptie is neergelegd, zou een deel 

van het antwoord op deze vraag kunnen liggen in drie bijdragende factoren die de algemene 

structuur van deze scriptie volgen: de aard van de relatie tot de ander, het vermogen om te 

relativeren en te benadrukken, en de behoefte van de ander. Dat wil zeggen, in hoofdstuk 2-4 heb ik 

laten zien dat adolescenten over het algemeen geen plaatsvervangende beloningsresponsen 

vertonen in het ventrale striatum voor liefdadigheid, zoals eerder is waargenomen voor vrienden 

(Schreuders et al., 2021) en familieleden (Brandner, Güroğlu, van de Groep, Spaans, & Crone, 2021). 

Echter, de adolescenten die hoog scoren op perspective taking vertonen wel plaatsvervangende 

beloningsresponsen in het ventrale striatum voor liefdadigheid, en perspective taking neemt toe 

tijdens de adolescentie. Dit leidt tot de hypothese dat de adolescentie een gevoelig venster kan zijn 

in termen van ontwikkeling van perspectief en hersenontwikkeling, wat het tweede vormende 

venster van het "prosociality bootcamp" bevestigt. Inderdaad, veel interventiestudies richten zich 

op perspectief nemen voor het opbouwen van vriendelijke wederkerige relaties. Deze studies 

richten zich meestal op de jongere leeftijdsgroepen (Godwin, 2020; Larose et al., 2020), maar deze 

studie laat zien dat soortgelijke interventies nuttig kunnen zijn voor het overwinnen van ingroup-

outgroup bias in de adolescentie (Güroğlu, Bos, & Crone, 2014). 

Beperkingen en toekomstige studies 

Een beperking in de reeks studies die in dit proefschrift is besproken, is de afwezigheid van 

daadwerkelijke keuze in het COSY fMRI-paradigma. Hoewel ik bewust van tevoren heb besloten om 

een taak te gebruiken zonder echte keuze om er zeker van te zijn dat er voldoende trials 

beschikbaar zouden zijn, maakte dit het kijken naar prosociaal gedrag tijdens de fMRI-sessie 

lastiger. Dit werd opgelost door het donatiegedrag buiten de scanner te meten. Het zou interessant 

zijn voor toekomstige fMRI-studies naar plaatsvervangende beloningen om zowel echte keuzes als 

false-choice taken op te nemen in één studie, zodat de intentie van een prosociale actie en de 

verwerking van een prosociale uitkomst van elkaar gescheiden kunnen worden (bijv. door gebruik 

te maken van een "trembling hand" economisch spel, waarbij intenties en uitkomsten willekeurig 

niet op elkaar worden afgestemd om de scheiding van de twee mogelijk te maken (Cushman, 

Dreber, Wang, & Costa, 2009; Klapwijk & Van Lange, 2009). 
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Hoewel anonieme taken om prosocialiteit te meten nuttig zijn omdat ze wetenschappers in 

staat stellen eenvoudige sociale keuzes te simuleren (zoals de Dictator game), vermindert de zeer 

gecontroleerde setting van lab-experimenten waarschijnlijk de relatieve invloed van veel 

belangrijke sociale factoren. Wie er bijvoorbeeld aanwezig is wanneer je een keuze maakt, 

gedachten over wat anderen van een keuze zullen vinden, en het gedrag van anderen in reactie op 

een keuze zijn allemaal factoren die gedrag buiten het laboratorium beïnvloeden, maar een veel 

kleinere rol spelen in een MRI-scanner (Van Atteveldt, Van Kesteren, Braams, & Krabbendam, 

2018). Aan de andere kant heeft een taak zoals de COSY het voordeel dat de rol deze sociale factoren 

spelen in het beïnvloeden van keuzegedrag uit de vergelijking wordt gehaald. Aan de andere kant 

zijn deze gedachten en de reacties van anderen een belangrijk onderdeel van een naturalistische, 

‘echte’, hulpomgeving. Het is daarom belangrijk dat toekomstige studies er zorg voor blijven dragen 

dat experimenten om prosociaal gedrag te meten in het lab ecologisch valide zijn, d.w.z. door 

naturalistische omgevingen na te bootsen, bijvoorbeeld door groepen deelnemers in het lab uit te 

nodigen, of door minder misleiding te gebruiken. 

Hoewel de huidige taak duidelijk laat zien dat sommige individuen een sterk vergelijkbare 

beloningsrespons vertonen voor persoonlijke beloningen als plaatsvervangende beloningen voor 

een goed doel, laat de relatief kleine variatie in de hoogte van de uitkomsten ruimte voor een meer 

uitgebreide set van uitkomstcondities. Dat wil zeggen, taken met een grote hoeveelheid 

verschillende bedragen voor jezelf en het goede doel, zouden het mogelijk maken om het 

zogenaamde ‘indifference point’ te vinden. Dat is het theoretische punt waar een beloning X voor 

jezelf dezelfde neurale activatie laat zien als een beloning Y voor het goede doel.  

Ten slotte zouden toekomstige studies de rol van de sterkte van een relatie in prosocialiteit 

verder kunnen ontrafelen. Hoewel ik in hoofdstuk 6 bewijs lever dat hechte relaties een belangrijke 

rol spelen in het verklaren van verschillen in beloningsverwerking, is er meer onderzoek nodig om 

te onderzoeken hoe plaatsvervangende beloningen worden verwerkt in een familiesetting. In de 

huidige studie is bijvoorbeeld alleen gekeken naar moeders die belonen voor hun leeftijdsgenoten, 

maar een interessanter perspectief zou zijn om te kijken naar ouder-kind dyades of moeder-vader-

kind triades (Brandner et al., 2021).  

 

Conclusie 

In de inleiding van dit proefschrift verwees ik naar de kindertijd als een 

'prosocialiteitsbootcamp', een periode van socialisatie die een kind het gereedschap geeft om de 

wereld in te gaan en deel te nemen aan wederkerige interacties met anderen. In vijf verschillende 
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studies met verschillende methoden en steekproeven, onderzocht ik plaatsvervangende 

beloningsreacties voor mensen die dicht bij staan (hoofdstukken 2-4), onderzocht ik 

plaatsvervangende beloningsreacties voor kinderen in moeder-kind koppels (hoofdstuk 5), en 

prosociaal gedrag tegenover vrienden en vreemden in een sociale buitensluitingsetting (hoofdstuk 

6). Deze studies bevestigden dat het al dan niet waarnemen van een plaatsvervangende 

beloningsrespons, gekarakteriseerd door onder andere neurale activiteit in het ventrale striatum, 

het geval van plaatsvervangende beloning voor het goede doel afhankelijk is van individuele 

verschillen. In hoofdstuk 2 vond ik bijvoorbeeld dat plaatsvervangende beloningsresponsen voor 

het goede doel bij volwassenen gecorreleerd waren met individuele verschillen in empathie, en in 

hoe fijn men het vindt als het goede doel iets wint. In hoofdstuk 3, ontdekten ik dat jongeren die 

betere waren in perspectief nemen, en die meer doneerden,  een relatief hogere VS activiteit lieten 

zien wanneer zij beloningen kregen voor het goede doel (vergeleken met beloningen voor henzelf). 

In hoofdstuk 4 vond ik een afname in de differentiatie tussen activiteit voor beloningen voor jezelf 

en voor het goede doel over de tijd. Deze afname was minder sterk voor adolescenten die hoog 

scoorden op perspectief nemen en empathie, en die relatief veel doneerden. In hoofdstuk 5 toonde 

ik aan dat moeders consistent VS activiteit lieten zien wanneer ze wonnen voor hun kinderen en 

beste vrienden, maar niet wanneer ze wonnen voor een onbekende ander. In hoofdstuk 6 laten de 

resultaten zien dat of daders van sociale uitsluiting al dan niet geholpen worden door een 

waarnemer, afhankelijk is van de vraag of de dader een vriend of een vreemde is. Deze studie 

onderstreept de rol van de aard van een relatie bij prosociaal gedrag. Samengenomen benadrukken 

de bevindingen in deze studies het belang om rekening te houden met individuele verschillen in de 

ontwikkeling van prosociaal gedrag.  

De studies ondersteunen eerdere theorieën die stellen dat motivatoren van prosocialiteit 

zoals kin-altruïsme (de neiging om aardiger te zijn tegen familie), in-group favoritism (de neiging 

om aardiger te zijn tegen leden van dezelfde groep, relevant voor hoofdstuk 6) (Grafen, 1990; 

Zahavi, 1975) betreffen (voor een overzicht zie: McAndrew, 2018). Ik hypotheseer dat er een 

stimulus-respons relatie bestaat tussen prosociaal gedrag en plaatsvervangende beloningsreacties 

tijdens de adolescentie die zou kunnen leiden tot een zichzelf versterkende cyclus van prosociaal 

gedrag. Eerdere studies over adolescenten hebben de adolescentie grotendeels onderzocht als een 

periode van risico's nemen (Romer, Reyna, & Satterthwaite, 2017). In deze scriptie nuanceer ik deze 

kijk op een belangrijke ontwikkelingsfase in het leven, die niet alleen wordt gekenmerkt door 

opstandig gedrag, maar bovendien de perfecte storm biedt voor het ontwikkelen van vriendelijke 
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wederkerige relaties en het waarderen van de behoeften van anderen, zelfs als ze niet direct kunnen 

wederkerig zijn. 
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irriteren door het over boulderen te hebben, voor de herinnering aan die keer dat je boos een 
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begon! Marjolein, bedankt voor de kick-start die jij hebt gegeven aan Zelfbeeld. Met jouw 

organisatietalent was de start meteen gestroomlijnd. Dank je voor je kalmerende aanwezigheid in 

de kamer, je analytische houding en je scherpe vragen, al konden die vaak wat sneller to-the-point 

komen ;) Fabienne, jij had als onderzoeksassistent altijd alles tot in de puntjes geregeld (vandaar 

mijn verwarring al die tijd met je naam?). Bedankt voor je proactieve houding bij het project en al 

energie die je in het Zelfbeeldteam bracht, de gezelligheid bij alle scandagen en bij Sync im Schnee! 

Kayla, als één van de langst aanwezige en meest betrokken Zelfbeeldleden heb jij ontzettend veel 

betekend. Bedankt voor alle scandagen als brevethouder; zonder jou waren Renske en ik 

waarschijnlijk tureluurs geworden van de derde wave. Cevdet, thanks for being an irreplaceable 

asset to the team (learning Dutch specifically for scanning), the well-timed snacks that you 

magically made appear from your backpack, the reading sessions in the weekend, and for the 

friendship that followed after the work at B&D. Jorien, mijn eerste kamergenootje in 3B31, bedankt 

voor alle Lebkovvies, en onder de riem gestoken harten. Als PhD’er van de oude garde en VNOP-

goeroe wist je me altijd gerust te stellen dat dingen wel goed zouden komen. Berna, als officieuze 

tweede begeleider bij zowel de VNOP als bij mijn eerste échte paper wil ik je bedanken voor alle 

nuttige comments, kritische blikken, mooie herformuleringen van al mijn kromme zinnen en 

ontwikkeling in het algemeen die jij stimuleerde. Gert-Jan, bedankt voor je begeleiding en je 

vertrouwen, en voor de introductie aan het B&D lab (butterfly-effect: nu is er een proefschrift). 

Andrik, bedankt voor al je inzichten bij de ingewikkelde MPlus analyses, je altijd positieve humeur, 

je gortdroge humor, en voor de onvoorwaardelijke deelname aan de lunchwandelingen. Eduard, 

bedankt voor alle steun en advies tijdens de lockdowns en de vroege wandelingen om de dag te 

starten. Lysanne, bedankt voor de geweldige periode bij de organisatie van alle VNOP-CAS 

Researchdays, de goede skilesjes, en het meermaals (niet niet!) redden van de wereld.  Ilse, bedankt 

voor de open gesprekken, je gevoel voor humor, en je gedeelde liefde voor (het over analyseren van) 

bordspelletjes. Lina, & Simone, Ik ben jullie allebei heel dankbaar dat ik mocht scannen bij Samen 

Uniek tijdens de coronatijd. Het was super om in zo’n geoliede machine te mogen helpen. Bram, 

bedankt voor je talent om te luisteren en je opnheid. Bedankt voor de vele waardevolle appjes om te 

vragen hoe het ervoor stond, en de gezelligheid met zijn vieren de laatste tijd. Michelle, bedankt 

voor je waardevolle peptalks tijdens het laatste jaar, en het organiseren van een spetterende 
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afsluiting van mijn periode bij Sync met de skireis.  

Anna’s, Annelinde, Barbara, Batsheva, Dorien, Ferdi, Geert-Jan, Kiki, Lara, Mara, Marieke, 

Marije, Miranda, Nico, Sandy, Sarah, Sophie, Stephan, Zdeña, en alle andere ex-lableden van 

B&D en Sync, bedankt voor het bijdragen aan een fantastische werkomgeving en een onvergetelijke 

PhD-periode. Simone, Isabel, Miranda, Stephanie, Kelly, Frederique, Martine, Rebecca, bedankt 

voor al jullie hulp bij de dataverzameling en verwerking. Alle studenten die hebben geholpen bij 

het project en / of daar hun scripties hebben geschreven. Bedankt voor jullie hulp, en voor het 

geduld om te luisteren naar een soms misschien wat langdradige begeleider.  

Lieke, bedankt voor de gedeelde verwondering over het NWO-bedrijfsjargon en de talloze 

(digi-)bila’s :) Julian en Esther, samen met Lieke waren jullie mijn partners in crime als tijdelijke 

NWO-PhD’s. Ik vond het super jullie drie te leren kennen en heb genoten van de Synergy-

organisatie. Robbert, bedankt voor alle humor, vrimibo’s, agendapunten, en je doorlopende support 

aan mij als groentje bij NWO. Thanks buddy! Amber, bedankt voor de gesprekken vol herkenning, je 

vrolijkheid, en de gezelligheid die je brengt op de afdeling. Carlien, bedankt voor de fijne 

samenwerking en meetings waarin er altijd gelachen wordt. Kasper, Mariël en Inge, bedankt voor 

het creëren van een werkomgeving waar iedereen zich welkom voelt. Zelfs als tijdelijke werknemer 

voelde ik me onderdeel van het team, en kreeg ik veel kansen aangereikt. Arnold, Daphne, Eva, 

Eveline, Ingrid, Jerem, Jimmy, Jiska, Joris, Mariëlle, Peter, Scott, Stefan, Teuntje, jullie dragen 

(of droegen) allemaal bij aan wat NWO zo’n leuke plek maakt. Bedankt! 

David, als één van mijn oudste vrienden (ouwe!) ken je mij als geen ander. Onze uren durende 

telefoongesprekken door de jaren heen zijn altijd waardevol, en elke chill-sessie (tegenwoordig 

vaak met sportief- i.p.v. borrelkarakter) is de moeite waard. Bedankt voor alle support en mooie 

momenten. Asrith, tknadeb roov ella edisni sekoj, ne roov ed nerek tad jij ed egine saw eid tseom 

nehcal mo njim emmots sejparg. Marie-Christine, Quirine, bedankt voor de jaarlijkse nostalgische 

weekenden met Thirsa met een hogere concentratie flauwe grapjes dan in welke samenstelling 

vrienden dan ook. Lisa, Vincent, Shewanie, bedankt voor jullie gezellige etentjes bij de Thai, sushi-

sessies, rare foto collages, pogingen tot het openen van een fles wijn met een schoen, dak- en 

tuinbarbecues door de jaren heen. Joris, mede corona-cowboy, bedankt voor alle topavonden bij de 

Spieghels, in de ruimte, in het wilde westen, op de golfbaan, in Duitsland, in de gevangenis, en in 

relatietherapie. Dat er nog vele mogen volgen! Vesi, thanks for being a great friend in the entirety of 

my academic career. Thanks for your joining in the moments of celebration, thought, 

reconsideration, and sometimes struggle. For me, you are the prime example of someone with a 

prosocial personality. Your amazing sense of humor and the energy you bring to a room are one of a 
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kind, and I’m thankful to have been in the same room quite often! Friso, bedankt voor de open 

gesprekken, de reeks aan woordgrapjes die je me toestuurde toen je wist dat ik wel een lach kon 

gebruiken, en alle gezellige vakanties (airco aan of uit?) samen. Piet, bedankt voor de interessante 

discussies, sporadische klimsessies, en memorabele Socials Weekends. Emma, bedankt voor alle 

mooie (dans)voorstellingen die we hebben gezien samen en het aansturen op meer flexibiliteit. 

Maria, bedankt voor de mooie trips naar Bonn en Steinfurt, en de uitzonderlijke gastvrijheid en 

openheid die jou karakteristeert. Martine, bedankt voor jouw besmettelijke positieve insteek in het 

leven.  Rowena, bedankt voor alle topbarbecues en andere gezelligheid. Melissa, bedankt voor alle 

keren dat ik met of om je moest lachen door je humor en nuchtere opmerkingen.  

Lieve Harm-Pieter & Lenneke, bedankt dat jullie me van kinds af aan altijd in alles hebben 

ondersteund en ervoor zorgden dat het ons aan niets ontbrak, hardop trots en dankbaarheid 

uitspreken, en altijd voor me klaar staan. Jullie zijn een inspiratie en ik ben dankbaar en trots om 

jullie zoon te zijn. Lidwien, bedankt voor de telefoongesprekken om even iets te vragen waar we 

allebei in verzeild raken voor uren en voor het ge-ping-pong van geruststelling die onze broer-zus 

relatie typeert. Martijn, bedankt voor het ingenieuze ambigram dat je voor mijn proefschrift hebt 

gemaakt en voor de hilarische opmerkingen die altijd een garantie zijn in jouw aanwezigheid. 

Reinout, kleine grote broer, bedankt voor de prachtige tekening die je hebt gemaakt voor dit 

proefschrift en voor de hoeveelheid mooie verhalen die je met ons deelt. Ik bewonder je gevoel voor 
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