
Bangor University

DOCTOR OF PHILOSOPHY

The effect of social rewards and punishments on learning and cooperative decision-
making

Beston, Pippa

Award date:
2019

Awarding institution:
Bangor University

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 13. Mar. 2024

https://research.bangor.ac.uk/portal/en/theses/the-effect-of-social-rewards-and-punishments-on-learning-and-cooperative-decisionmaking(2caf0b54-e251-4264-90e2-587e124060cf).html


 

 

 

 

The effect of social rewards and punishments on learning and 

cooperative decision-making 

 

Philippa J Beston 

 

 

Thesis is submitted to the School of Psychology, Bangor University in partial fulfilment of 

the requirements for the degree of Doctor of Philosophy. 

 

Bangor, North Wales, United Kingdom 

November 2019 

  



 

Declaration  

Yr wyf drwy hyn yn datgan mai canlyniad fy ymchwil fy hun yw’r thesis hwn, ac 

eithrio lle nodir yn wahanol. Caiff ffynonellau eraill eu cydnabod gan droednodiadau yn 

rhoi cyfeiriadau eglur. Nid yw sylwedd y gwaith hwn wedi cael ei dderbyn o’r blaen ar 

gyfer unrhyw radd, ac nid yw’n cael ei gyflwyno ar yr un pryd mewn ymgeisiaeth am 

unrhyw radd oni bai ei fod, fel y cytunwyd gan y Brifysgol, am gymwysterau deuol 

cymeradwy.   

 

I hereby declare that this thesis is the results of my own investigations, except 

where otherwise stated.  All other sources are acknowledged by bibliographic references. 

This work has not previously been accepted in substance for any degree and is not being 

concurrently submitted in candidature for any degree unless, as agreed by the University, 

for approved dual awards.   

 

  



 

Acknowledgements 

Firstly, I would like to thank my supervisors for steering me through the 

increasingly challenging waters of my PhD. To Dr Erin Heerey, thank you so much for 

giving me this opportunity; I have no idea what you saw in that oddball who wandered into 

your lab all those years ago. But thank you for investing so much time and energy into me, 

for the truthful feedback, and for teaching me all of the skills that I now take for granted. 

Being 5 time zones away hasn’t been easy at times, but thank you so much for sticking it 

out with me! To Professor Guillaume Thierry, I am so very grateful for you graciously 

adopting me into your lab at such a late stage in my PhD. Thank you for teaching me about 

neuroscience, working with me through all the stages of my ERP project, and for your 

valuable input on other areas of my PhD. I’ve learned a lot from being in the BULET lab, 

so thank you for the opportunity to get involved. I would also like to thank the chair of my 

PhD committee; Professor Emily Cross – you have been wonderfully supportive and 

helpful throughout this process.  

I would also like to thank other members of the BULET lab for their immense 

generosity with their time: Dr Cécile Barbet and Yang Li. Thanks should also be extended 

to previous members of the Bangor Heerey Lab: Dr Thandi Gilder and Dr Danni Shore, 

who were such great role models when I was just starting to think about graduate school. 

Special thanks go to Thandi, for being such an awesome person to work with, and for your 

kind and patient ear.  

I would also like to thank my marvellous friends, I don’t know where I’d be 

without you all. Thank you to Jez for the long discussions about the patriarchy, large wine 

glasses, and for making me a better feminist. Joe, for accompanying me on my brief jaunt 

into student politics. To Helen, Claudia and Ciaran, for the evenings of fun, board games 

and beige food. Polly, for listening to my seemingly unending stream of woes over dinner; 

for the science chats and all of the PhTea. Louise (PhD wife), for the working-weekends, 

listening to my rants, dealing with my multitude of crises, and for feeding me inordinate 

amounts of cheese. Lisa, for the random Bangor trips, giggles, and the financial advice. To 

Alyssa, for the long-distance sanity check-ups and soothing purrs. To Ben, for always 

being there in the background; watching and listening. And finally, to my best friend 

Adele, for the long conversations about how everything will be ok. You have all really 

helped me through this, even if you weren’t aware of it at the time. My gratitude to you, 

always.  

Finally, I would like to thank my parents for all of their support – support that has 

taken many forms over the years (especially financial!). Thank you for encouraging me to 

go to university in the first place and for standing by all of the decisions that I’ve made 

since I’ve been at Bangor. 

 

 

  



 

Table of Contents 

Thesis Summary ...................................................................................................... 1 

Chapter 1 – General Introduction ......................................................................... 2 

Chapter 2 – The social & economic costs of punishment ................................... 28 

Abstract ........................................................................................................................... 29 

Introduction ..................................................................................................................... 30 

Experiment 1 ................................................................................................................... 33 

Method ........................................................................................................................ 33 

Results and Discussion ............................................................................................... 41 

Experiment 2 ................................................................................................................... 45 

Method ........................................................................................................................ 45 

Results and Discussion ............................................................................................... 49 

General Discussion ......................................................................................................... 54 

Chapter 3 – The effect of social & monetary rewards on cooperation ............. 60 

Abstract ........................................................................................................................... 61 

Introduction ..................................................................................................................... 62 

Experiment 1 ................................................................................................................... 64 

Method ........................................................................................................................ 65 

Results and Discussion ............................................................................................... 68 

Experiment 2 ................................................................................................................... 71 

Method ........................................................................................................................ 71 

Results and Discussion ............................................................................................... 74 

General discussion .......................................................................................................... 78 

Chapter 4 – Social feedback interferes with implicit learning .......................... 84 

Abstract ........................................................................................................................... 85 

Introduction ..................................................................................................................... 86 

Method ............................................................................................................................ 90 

Results ............................................................................................................................. 96 

Discussion ..................................................................................................................... 100 

Conclusion .................................................................................................................... 103 

Chapter 5 – General Discussion ......................................................................... 105 

References ............................................................................................................. 120 

Appendices ........................................................................................................... 136 

Appendix A ................................................................................................................... 136 

Appendix B (i) .............................................................................................................. 140 

Appendix B (ii) ............................................................................................................. 141 

Appendix B (iii) ............................................................................................................ 143 

Appendix C ................................................................................................................... 144 

Appendix D ................................................................................................................... 145 

 

  



 

List of Figures 

 

1.1 – Figure from Noussair & Tucker (2005)……………………………………………..23 

2.1 – Web protocol: anonymous game……………………………………………………34 

2.2 – Experiment 1 results – contribution by condition; cost of punishment……………..41 

2.3 – Player arrangement: face-to-face context…………………………………………...47 

2.4 – Experiment 2 results - contribution by condition; cost of punishment……………...51 

2.5 – Scatter plot of interaction positivity…………………………………………………53 

2.6 – Average Investment by interaction condition and punishment type ………………..54 

3.1 – Experiment 1 results - contribution by condition; cost of reward…………………..70 

3.2 – Experiment 2 results - contribution by condition; cost of reward…………………..75 

3.3 – Scatter plot of interaction positivity…………………………………………………77 

3.4 – Average Investment by interaction condition and reward type……………………..78 

4.1 – examples of legal and illegal stimuli split by levels of difficulty…………...………91 

4.2 – structure of trials during learning procedure………………………………………...93 

4.3 – trial structure of the test phase………………………………………………………94 

4.4 – Effect of feedback condition on the fERN…………………………………………..97 

4.5 – Accuracy in the test phase…………………………………………………………...98 

4.6 – P3b results…………………………………………………………………………...99 

4.7 – relationship between fERN mean latency and P3b effect mean amplitude…………99 

 

List of Tables 

2.1 – Experiment 1 regression results……………………………………………………..44 

2.2 – Experiment 2 regression results……………………………………………………..53 

3.1 – Experiment 1 regression results……………………………………………………..71 

3.2 – Experiment 2 regression results……………………………………………………..76 

 

 

  



Chapter 1 – General introduction | 1 

 

Thesis Summary 

This thesis explores how exposure to social information affects decision-making in 

two different domains. In one, I use a unique variant of the Public Goods Game (PGG) 

paradigm to examine how social and monetary punishments and rewards alter decisions to 

cooperate in the interpersonal domain. At the intrapersonal level, I examine how exposure to 

social rewards affects implicit learning (and the neural signature thereof) in a novel task. 

In the first two empirical chapters, I compared how the opportunity to interact face-to-

face, versus traditional anonymous interactions, influenced cooperative decision-making in 

the PGG. This work additionally examined whether different punishment types (i.e., social-

reputational and/or monetary) affected contribution behaviour across interaction context. In 

the anonymous context, monetary sanctions were the most effective in promoting 

cooperation. However, in the face-to-face context, social punishments were most effective. 

Additionally, group interaction positivity on a given trial predicted investment on the next.  

In the second empirical chapter, I examined the effects of rewards on cooperation. In 

contrast to punishment, monetary rewards were more effective in maintaining contributions 

than social rewards in the face-to-face context. In this case, the incentive to gain a good 

reputation may have been so explicit that it ‘crowded-out’ cooperation. 

In the final empirical chapter, I asked participants to implicitly learn the rules of a 

novel card game and compared the effectiveness of social versus non-social feedback. Here, I 

used event-related potential (ERP) methodology to examine the neural markers of learning. 

After learning, we found differences in the strength of ERP components between the social 

and non-social feedback groups across task conditions. These results suggest that socially 

salient feedback alters the process of implicit learning. 

Together, this work shows that exposure to social information affects cooperative 

decision-making during the Public Goods Game, and also alters the neural signature of 

implicit learning. Thus, although challenging to capture, this thesis has begun to account for 

the social factors that affect people’s every-day decisions.  
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Chapter 1 

General Introduction 

Thesis overview 

Decisions about how to behave in the presence of others and how to act in social 

contexts are made on a moment-to-moment basis every day. We frequently face the choice of 

whether to take more than our fair share of the pie; to work collaboratively with co-workers; 

or to snub those who have treated us unfairly in the past. Often, these decisions are made in 

the context of face-to-face social interactions and they are likely influenced by a wealth of 

social cues. This social information often affects decision-making; influencing the allocation 

of attentional resources, evaluations of others and even specific decision results (Shore & 

Heerey, 2013). Furthermore, social information is highly relevant to decision-making and has 

ostensibly shaped human cognitive processes (Cosmides, 1989; Cosmides & Tooby, 1995). 

Indeed, humans have likely evolved to be good social partners, and so behaviour often 

reflects choices that signal this (Everett, Pizarro, & Crockett, 2016). Additionally, being a 

good social partner also often means cooperating with others in the social world. 

Cooperation is the cornerstone of a smooth-running society. We require neighbours 

and co-workers to cooperate with each other, politicians to cooperate with their constituents, 

and heads of government to cooperate with their international counterparts. At the heart of 

these situations is a tension between group welfare and an individual’s personal benefit. 

Individuals are often better off when they prioritise their own bottom line, but this is often to 

the detriment of those around them. On the other hand, a rising tide benefits everyone; group 

welfare is often collectively better when everyone contributes their fair share (Rand, Dreber, 

Ellingsen, Fundenberg, & Nowak, 2009). For example, provisions to public services (i.e., 

national defence, healthcare) is much better off when everyone pays the taxes that they owe, 

even if an individual can still access these services if they choose not to pay their fair share. 
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Thus, the motivations behind cooperation and defection are both interesting to study and have 

important real-world implications. 

One method of studying social dilemmas within a laboratory context is via economic 

games. Here, the tension between maximising personal profit and the collective interest is 

captured within elegant incentive structures. These games thus represent a microcosm of 

human behaviour and decision-making. However, predictions about how people should 

behave during these games, via economic models, are often naïve when compared to 

empirical observations of actual human behaviour (Camerer & Fehr, 2006). People are often 

more cooperative than expected within laboratory contexts, especially when interactions are 

repeated, or reputation is at stake (Rand & Nowak, 2013). Additionally, the inclusion of 

certain mechanisms, such as monetary rewards and punishments, further incentivise 

cooperation (Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). However, as yet, little is 

known about how different types of rewards and punishments may differentially affect 

cooperation, depending on the environment in which they are administered. Furthermore, 

experiments in this area typically involve anonymised interactions between group members 

(e.g., Fehr & Gächter, 2002); where people are unable to see or interact with their social 

partners face-to-face. Thus, we do not know the effect that naturalistic social interactions may 

have on the propensity to cooperate with others, especially if these interactions are positive. 

As a result, we explore how the efficacy of different types of rewards and punishments 

changes depending on the social environment in empirical Chapters 2 and 3. 

Additionally, it is important to note that social feedback from interaction partners is 

prevalent in the environment, as well as being important in altering our social behaviours. 

Furthermore, social rewards (i.e., smiles) are subjectively more valuable than non-social 

alternatives, even when both stimulus types constitute the same objective value (Heerey, 

2014; Shore & Heerey, 2011). Furthermore, when used as feedback, social stimuli appear to 
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be more effective than non-social feedback during associative learning tasks (Hurlemann et 

al., 2010). However, the efficacy of social feedback during implicit learning tasks is thus so 

far unknown. Additionally, research has suggested that the Event-Related Potential (ERP) 

technique is an effective method for examining the process of implicit learning (Baldwin & 

Kutas, 1997), however, it is also unclear whether the type of feedback provided during this 

task may affect the neural signature of learning. Thus, in the last chapter of this thesis 

(Chapter 4), we explore whether social feedback, relative to non-social feedback, 

differentially affects behavioural performance or the neural signature of learning, during a 

novel implicit learning task. 

Thus, in this thesis, we take advantage of the diversity of methods used in social 

decision-making research to examine the effects of socially-relevant feedback during 

cooperative decision-making and implicit learning.  

Game theory and human behaviour 

In models of economic decision-making, classic theories of behaviour have suggested 

that humans should make ‘rational’ decisions that maximise utility for themselves (von 

Neumann & Morgenstern, 1944)1. Rational individuals are assumed to have exclusively self-

regarding preferences (i.e. those that do not account for the outcomes of others); to have 

correct and complete information about their situation and opponents; and to be able to 

perfectly compute the best course of action to satisfy their self-interest (Camerer & Fehr, 

2006). This idea outcomes is sometimes referred to as ‘homo-economicus’ or ‘economic 

man’ (Hollander, 2000).  

 

1 It is worth noting here that throughout this document, when I use the term ‘rationality’ I am referring to this 

definition, as opposed to other definitions of rationality, for instance ‘ecological rationality’, which means 

adopting a strategy that best fits the context in which an actor is making a decision (Goldstein & Gigerenzer, 

2002) 



Chapter 1 – General introduction | 5 

 

Accordingly, humans as decision makers are conceptualised as selfishly inclined 

(Dewall, Baumeister, Gailliot, & Maner, 2008). However, in laboratory settings, they are 

demonstrably less rational than economic theories might predict (Camerer & Fehr, 2006; 

Henrich et al., 2001). This may be due to limitations in human’s cognitive resources, 

meaning that their decision-making is subject to ‘bounded rationality’ – limitations to 

outcome computations arising from limited cognitive and working memory capacity 

(Camerer, 1998; Landa & Wang, 2001). In practice, then, people are much more cooperative 

than many theoreticians suggest that they should be. Thus, cooperation, whilst sacrificing 

economic payoff, is a highly replicable phenomenon observed in many psychological/ 

experimental economics reports (Andreoni, 1995; Andreoni & Miller, 1993; Fehr & Gächter, 

2000b; Marwell & Ames, 1981; Ostrom, 2000). 

Thus, humans are often assumed to be able to determine the most self-regarding 

outcomes and behave in self-maximising ways. However, the above examples suggest that 

this is not always the case. Decisions taken in the social world are rarely without implications 

for others. Indeed, people learn about the world and its give-and-take contingencies from 

their social interaction partners; gaining feedback from others that shapes their own 

behaviour (Heerey & Velani, 2010). These learned behavioural standards then appear to 

become embedded in social behaviours (Chudek & Henrich, 2011; Peysakhovich & Rand, 

2016), and become intuitive ‘rules of thumb’ that arise from existing and interacting with 

others in human society (see the 'Social Heuristics Hypothesis': Rand, 2016; Rand, 

Peysakhovich, et al., 2014)2. Unsurprisingly, therefore, intuitionist models of decision-

 

2 However, this hypothesis and evidence has been disputed by Tinghög et al., (2013), after failing to replicate 

some of the original findings that formed the basis of this hypothesis in Rand, Greene, & Nowak (2012). 

Tinghög et al., instead suggested that the original findings were an artefact of the exclusion of participants in the 

original studies, and found in their own replication attempts that time pressure did not lead to increased 

cooperation, as hypothesised by Rand et al. However, in a reply to these critiques, Rand et al., re-analysed this 

dataset without excluding subjects in the same manner and continued to find their expected effect. However, 
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making appear to better explain human behaviour than rationality (Haidt, 2001). The idea of 

humans being less than rational is highlighted in the disparity between game-theoretical 

predictions of behaviour and actual behaviour in economic games. 

Nonetheless, formal game theory began by looking at dilemmas between dyads, such 

as the Prisoner’s Dilemma, which was effective at modelling ‘rational’ decision-making 

between pairs of people (Myerson, 1991). These models helped to highlight theoretically 

‘optimal’ behaviour, even if they were not necessarily meant to reflect real life decision-

making processes (Poundstone, 1992). However, from the paradigm of the Prisoner’s 

Dilemma, some limitations arose, including that it only attempts to model interactions 

between two agents. In real life, social interactions are not always dyadic - people often 

interact in groups, involving a dynamic network of agents (Rand, Arbesman, & Christakis, 

2011). 

Why study economic games? Oftentimes, individuals must decide whether to favour 

their own interests over that of the collective. These decisions occur on many different scales 

ranging from, for example, individual decisions to recycle, or to refrain from using a 

hosepipe during drought; to agreements across nations to take action against climate change 

(e.g., the Paris Agreement) or whether an individual nation should continue to cooperate with 

economic and political structures that bring peace across a continent (e.g., the EU). These so 

called ‘social dilemmas’ (Dawes, 1980; Van Lange & Joireman, 2008) can be boiled down 

and studied in the lab in order to provide answers about how to foster cooperation in real life 

situations (Kraft-Todd, Yoeli, Bhanot, & Rand, 2015), and provide scalable solutions for 

global political problems (e.g., Rand, Yoeli, & Hoffman, 2014). This therefore makes the 

study of social dilemmas an important and highly relevant topic for social scientists.  

 

given that Tinghög did fail to replicate the original studies suggests that we should exercise caution when 

considering the ‘intuitive cooperation’ idea. 
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The realism of economic games. However, it also important to take into 

consideration some limitations to how these social dilemmas are studied in the laboratory. 

Indeed, the realism of experimental economic games have been under dispute since they have 

been implemented in psychology (Camerer, 2011). Those who have been critical of their 

usage have cited several problems in the generalisability of findings from economic games 

beyond the lab context in which they are typically played. For instance, there is the potential 

for self-selection bias in the samples recruited for University lab experiments, leading to 

limited applications outside of the this particular context; especially as demographics of these 

samples may be different to those participating in real market environments (Levitt & List, 

2007). Additionally, players may bring to the lab their own pre-play experiences shaped by 

real life – a factor that is difficult to control a-priori (Levitt & List, 2007). Experimental 

research corroborates that participants do indeed play according to their own heuristics, but 

also that this is a factor that can be manipulated and studied in the laboratory environment 

(Peysakhovich & Rand, 2016; Rand, Peysakhovich, et al., 2014). Levitt and List (2007) 

further suggest that the timeframe in which players are given to make decisions in the 

laboratory is much shorter than that of real life, therefore not accurately representing real 

world decision-making processes. Subsequent research has indeed found that contribution 

decisions made over a longer time frame are typically less cooperative (Rand, Greene, & 

Nowak, 2012). 

Camerer (2011) countered these criticisms by arguing that the field of experimental 

economics was designed to link economic theory to behaviour, and so generalisability was 

never the goal of these experiments. Levitt and List (2007) also concede that it is useful to 

test a theory in a ‘clean’ and controlled environment, such as the laboratory. Furthermore, 

(Camerer, 2011) also argued that in some cases, lab findings do generalise to field studies - 

for example, one study found that cheating in a laboratory setting predicted cheating 
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behaviour in the field (Potters & Stoop, 2016). Thus, typical lab features do not necessarily 

undermine generalisability, as there appears to be a link between participant behaviour in 

both laboratory and field settings. Therefore, it is likely that lab experiments can contribute to 

our general understanding of human behaviour (Camerer, 2011), even if it is not under the 

exact same conditions as the real world. 

The Public Goods Game. One such social dilemma of particular interest to social 

and political scientists, and economists is the Public Goods dilemma. Public goods situations 

rely on the provisions of others to exist; individual contributions are optional and these 

resources are then evenly distributed across individuals (Gravelle & Rees, 2004). These 

provisions add value to others’ lives and ensure that goods and services are available to the 

many, examples including: public broadcasting services, software development and, 

nationalised health-care services (e.g., the NHS in the UK). Public goods situations also arise 

in everyday settings, such as having a clean and tidy living space in shared accommodation 

and, in science, agreeing to peer-review manuscripts submitted to journals. 

Public goods are characterised by being ‘non-rivalrous’, meaning that the 

consumption of the good by one individual does not reduce the amount of good that is 

available to another (Gravelle & Rees, 2004), for example, one individual accessing a radio 

broadcast does not prevent another from doing so. Similarly, they are ‘non-excludable’, 

meaning that these provisions are accessible to everyone, regardless of an individual’s 

original contribution to that particular resource. This means that even those who have not, or 

cannot, contribute a “fair” share, can benefit from the provisions of others. Thus, this presents 

tension between private and public interests, as individuals stand to gain more by not 

contributing to these resources, and yet these resources fail without individual contributions 

of time, energy or money. This is known as the ‘free-rider’ problem (Baumol, 2004), which is 
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characterised by high contributors subsidising the benefits of those who contribute little, or 

none, of their own resources (Marwell & Ames, 1980). 

The Public Goods Game is an effective way to examine human cooperation and the 

propensity of free-riding behaviour in a laboratory context. In these experimental games, 

participants receive an endowment of monetary tokens and must choose a contribution amount 

to a public fund. The fund is then tallied, multiplied, and split evenly amongst the players, 

regardless of initial contributions (Andreoni, 1995).  

According to economic models, a contribution of zero is the dominant strategy in the 

public goods game (Olson, 1965, as cited in Ostrom, 2000). However, evidence suggests that 

players are often more cooperative than “rational” models would predict (Camerer & Fehr, 

2006; Kahneman & Tversky, 1979; Roth, Prasnikar, Okuno-Fujiwara, & Zamir, 1991), 

showing that players are willing to sacrifice their own personal payoffs in favour of the group’s 

benefit (Isaac & Walker, 1988; Isaac et al., 1994; Rand, Dreber, Ellingsen, Fundenberg, & 

Nowak, 2009). Research has suggested that players may be intuitively cooperative, based on 

their previous social interactions where cooperation has been beneficial (Rand et al., 2014; 

Rand, Greene, & Nowak, 2012), and thus, cooperation may be a default state due to repeated 

interactions with social group members, (Andreoni, 1988). However, after experience in the 

laboratory context, where cooperation may not be necessarily as beneficial between strangers, 

cooperation declines (Andreoni & Croson, 2008; Burton-Chellew & West, 2013; Burton-

Chellew, Nax, & West, 2015; Croson, 1996; Fehr & Gächter, 2000). Moreover, in laboratory 

settings, there are often negligible real-world repercussions following defection, further 

incentivising free-riding behaviour (Guala, 2012).  

As a result, laboratory studies have been interested in the question of how cooperation 

can be maintained in the Public Goods Game. In this game, it is not possible to reciprocate 

against free-riders directly, in the same way that players can engage in tit-for-tat strategies in 
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the dyadic Prisoner’s Dilemma game (Axelrod & Hamilton, 1981). It is of course possible for a 

player to reduce their own contribution to the public good as a response to another free-riding 

player lowering his/her contribution, however, this hurts the welfare of the group and 

eventually leads to mutual defection (Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). 

Therefore, laboratory studies have examined the introduction of mechanisms designed to 

encourage cooperation. These mechanisms include costly punishments and costly rewards, and 

are often (but not exclusively) targeted at non-cooperative (or ‘free-riding’) players and 

cooperative players, respectively.  

Incentives to maintain cooperation 

Costly punishment. In order to maintain contributions to the public good, 

experimental games have studied several mechanisms, one such being costly punishment 

(Fehr & Gächter, 2000a, 2002). Costly punishment is the act of incurring a cost to oneself in 

order to incur a cost to another, typically, a free-riding player, (costly punishment is also 

known as ‘altruistic punishment’). Costly punishment is readily employed by participants 

(Nikiforakis & Normann, 2008). Indeed, people even prefer institutions where it is possible 

to sanction others as opposed to those where it is not (Gürerk, Irlenbusch, & Rockenbach, 

2006). Group contributions are typically larger under the threat of sanctions than when this 

threat is not present (Chaudhuri, 2010; Sefton, Shupp, & Walker, 2007). However, to 

maintain contributions over time, it is also important that the punishment is cost-effective – 

i.e. that the cost to implement punishment is sufficiently low and the impact on the recipient’s 

payoff sufficiently high (Chaudhuri, 2010; Egas & Riedl, 2008; Nikiforakis & Normann, 

2008).  
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Although costly punishment is readily used by participants3, and people even opt to 

pay additional costs to conceal punishment (Rockenbach & Milinski, 2011), it is not an 

economically ‘rational’ option. This behaviour requires an individual to bear the cost of 

punishment when the benefits are often unclear (Fehr & Gächter, 2002; Egas & Riedl, 2008). 

Thus, this behaviour is often regarded as puzzling, especially when it is observed in situations 

in which punishers may not reap the rewards of reforming defectors down the road (i.e., in 

‘one-shot’ games; Rand, Greene, & Nowak, 2012; Walker & Halloran, 2004). Perhaps this 

propensity for punishment is a form of emotional self-expression (Xiao & Houser, 2005) or 

comes from a desire for retribution (Crockett, Özdemir, & Fehr, 2014). Thus, researchers 

have explained this phenomenon in terms of the utility players gain, in the form of pleasure 

or satisfaction from the act of punishing (de Quervain et al., 2004; Singer et al., 2006)4.  

Interestingly, there is also a risk that angry free-riders receiving punishment choose to 

punish in retaliation, resulting in a reduction of payoffs for all group members (Hopfensitz & 

Reuben, 2009). And so, whilst costly punishment is effective, it can also be destructive. If 

used antisocially (that is, free-riders punishing co-operators), punishments can backfire, 

serving to reduce levels of cooperation (Herrmann, Thöni, & Gächter, 2008), smothering the 

potential for reciprocity between partners (Fehr & Rockenbach, 2003), and lowering payoffs 

for the whole group (Dreber, Rand, Fudenberg, & Nowak, 2008; Egas & Riedl, 2008; 

Szolnoki & Perc, 2010).  

 

3 Costly punishment behaviour also occurs in several different social contexts in animal societies. For example, 

European moorhens may inflict damage or even kill their young for persistently asking for food, to discourage 

its siblings from being greedy. This kind of parent-offspring conflict is one of many examples where costly 

punishment behaviour may arise in animals, as described by Clutton-Brock & Parker (1995). 
4 It is important to note here that emotional expressivity or ‘spite’ are proximate explanations for why costly 

punishment behaviour may arise, that being - an explanation as to how a behaviour works (Scott-Phillips, 

Dickins, & West, 2011). These examples cannot explain why the behaviour exists in the first place – which 

would be an ultimate explanation for the behaviour. 
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Costly reward. The costly rewarding of cooperators, on the other hand, has been 

shown to reduce the detrimental retaliatory behaviour that punishment can provoke (Dreber 

et al., 2008; Nikiforakis, 2008). Moreover, group earnings are often healthier when players 

can reward cooperative behaviour than punish free-riding behaviour (Rand, Dreber, 

Ellingsen, Fundenberg, et al., 2009). As with punishment, however, costly rewarding is not a 

rational behaviour due to the costs associated with dispensing incentives and the unknown 

benefits associated with doing so (Andreoni, Harbaugh, & Vesterlund, 2003). Regardless, 

players are indeed prepared to reward others for cooperative behaviour (Almenberg, Dreber, 

Apicella, & Rand, 2011) and may even prefer using rewards to punishments (Baumeister, 

Bratslavsky, Finkenauer, & Vohs, 2001; Molenmaker, De Kwaadsteniet, & Van Dijk, 2014; 

Sutter, Haigner, & Kocher, 2010). 

Costly rewarding has the disadvantage, however, that it does not target or alter the 

behaviour of non-cooperative players (Andreoni et al., 2003). This means that rewards 

require the continued sacrifice of resources to ensure cooperation. On the other hand, once 

free-riding has been eliminated via punishment, players no longer need to pay to dispense 

these sanctions (Szolnoki & Perc, 2010). However, in terms of overall cooperation, rewards 

do appear to have a positive effect compared to when this incentive is not available (Balliet, 

Mulder, & Van Lange, 2011).  

Repeated interactions 

Walker & Halloran (2004) found that during one-shot interactions, rewards and 

punishments were not successful in raising contributions in a Public Goods-like environment. 

This led the authors to suggest that one influential factor in maintaining cooperation is 

repeated interactions with the same group members; otherwise the threat of punishment or the 
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promise of reward was effectively empty over the long-term 5. Indeed, research also suggests 

that cooperation increases when dilemmas are iterated with consistent group members 

(Balliet et al., 2011). The opportunity for ‘targeted interactions’; the ability to punish or 

reward specific group members based on their contribution amounts, are therefore a key 

factor that can influence cooperation, as they introduce consequences for current behaviour 

(Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). 

Repeated interactions may also help to explain why players are willing to bear costs 

to punish free-riders or reward cooperative players. People often live ‘in the shadow of the 

future’ (Hauser, Rand, Peysakhovich, & Nowak, 2014; Rand, Dreber, Ellingsen, Fundenberg, 

et al., 2009; Rand & Nowak, 2013), meaning that interactions are often repeated in the real 

world, with consequences occurring down the line. In the laboratory, games that involve 

repeated interactions with the same partners simulate the opportunities available in real world 

interactions (Rand & Nowak, 2013).  

In repeated interactions with consistent group members, the readiness to engage with 

costly punishment may serve as an important social signal (Raihani & Bshary, 2015). For 

example, it may be used to signal to other selfish players to reform their behaviour (Fehr & 

Fischbacher, 2004a). It may also be used to signal to other potential interaction partners that 

an individual is a trustworthy target for cooperation (Jordan, Hoffman, Bloom, & Rand, 

2016). Moreover, costly punishment may not be as costly as it appears, as those who gain a 

reputation for punishment are often compensated for these costs by the cooperation from 

other group members (dos Santos, Rankin, & Wedekind, 2013). Therefore, it is important to 

note here that the ability to build a reputation is crucial to the emergence of cooperative 

 

5 However, it is also important to note that studies of “stranger” designs (i.e., multiple one-shot games, each 

with a different partner) are not completely unsuccessful at raising contributions, as long as punishment 

opportunities are available (Fehr & Gächter, 2000a). 
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behaviour (Engelmann & Fischbacher, 2009). Furthermore, punishments appear to be more 

effective when costly, as it seems to signal a commitment to fostering cooperation between 

group members (Balliet et al., 2011). 

Similarly, in terms of rewarding behaviour, repeated interactions offer the opportunity 

for individuals to gain a reputation as a rewarder, which may be beneficial for an individual 

as it may signal that they are a trustworthy partner for cooperation (Almenberg et al., 2011). 

Indeed, having a good reputation is often rewarded by cooperation from others within and 

outside of a player’s social groups (Semmann, Krambeck, & Milinski, 2005). 

Reputation incentives also help to explain cooperation 

During repeated interactions, reputation is almost always at stake when considering 

one’s actions. Cooperation in situations where players are playing with consistent group 

members can be explained by the concept of ‘direct reciprocity’ (Axelrod & Hamilton, 1981). 

This is the idea that an individual should pay the cost of cooperation today to earn the trust of 

their partner for tomorrow; which is beneficial when another interaction is sufficiently 

probable (Axelrod, 1984). Cooperation is observed to increase when it is common knowledge 

that interactions will be repeated (Dal Bó, 2005; Dreber et al., 2008; Duffy & Ochs, 2009), 

and to drop off when it is apparent that interactions are coming to an end, as there is no 

longer a need to maintain a reputation for cooperation (Isaac & Walker, 1988; Isaac, Walker, 

& Thomas, 1984). Although most interactions in this case are dyadic, in real life our 

interactions are superimposed on a network of other potential partners who may or may not 

observe our cooperative behaviours. In this case, reputation building, via direct reciprocity 

only is not a sufficiently realistic explanation for why cooperation exists in situations where 

individuals may not interact with the same partner again. 

Accordingly, the concept of ‘indirect reciprocity’ was posed to explain this 

phenomenon and is the idea that if A cooperates with B, then C will then cooperate with A 
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(Alexander, 1987). Here, cooperation is still costly, but may help that individual to acquire a 

reputation for being a trustworthy partner, thereby increasing the chances of others 

cooperating with that individual in the future (Milinski, Semmann, & Krambeck, 2002a; 

Rand & Nowak, 2013). Theoretically, the concept of indirect reciprocity allows cooperation 

to exist but only if it is possible to know or to estimate the reputation of another (i.e. their 

'image score'; Nowak & Sigmund, 1998). There is experimental evidence to suggest people 

use the reputation information of others from their previous helping decisions, to inform their 

decision to cooperate with that partner, i.e., their cooperation is conditional upon their 

potential/actual partner’s past behaviour (Fischbacher, Gächter, & Fehr, 2001; Seinen & 

Schram, 2006; Wedekind & Braithwaite, 2002; Wedekind & Milinski, 2000). Players with a 

good reputation are rewarded with cooperation from third parties who have observed their 

behaviour (Semmann et al., 2005).  

However, researchers highlighted issues with using indirect reciprocity to explain 

reputation building. Unconditional cooperation remains unexplained by indirect reciprocity 

as this theory suggests that cooperation will only ever be conditional on whether a partner is 

also cooperative (Sylwester & Roberts, 2010). The concept of reputation-based partner 

choice was posed as an alternate explanation for the maintenance of group cooperation. This 

is the idea that players may develop a cooperative reputation in order to be chosen a partner 

for profitable interactions. This is considered to be a two-stage model of cooperative 

intentions, as benefits may not immediately arise in the first stage, but instead occur further 

down the line, i.e. at a second stage (Roberts, 1998). Knowing that another player may 

choose them as an interaction partner in the future increases an individual’s contribution to 

the public good (Barclay, 2004). Additionally, the ability to choose a partner leads to 

increased contributions compared to when partners are randomly assigned (Barclay & Willer, 

2007; Sylwester & Roberts, 2013). Reputation-based partner choice also increases payoff 
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from the public good. Players tend to prefer the most cooperative players (Barclay & Willer, 

2007; Rockenbach & Milinski, 2011), and having a reputation as such pays off; high 

contributors gain increased access to the most profitable partnerships, thereby earning more 

than less cooperative players (Sylwester & Roberts, 2010). Thus, the concept of reputation-

based partner choice can explain why individuals may invest in a cooperative reputation; as it 

is necessary to compete with others to be generous when it is possible to form cooperative 

(and profitable) partnerships. 

In the opposite direction, research has also suggested that whilst anonymity breeds 

self-interested, or ‘rational’, behaviour (Hoffman, McCabe, Shachat, & Smith, 1994); people 

are more cooperative when behaviour is observable (Kraft-Todd et al., 2015; Rand, Yoeli, et 

al., 2014). For example, helping behaviour is observed to significantly increase when players 

can gain a reputation for doing so (Engelmann & Fischbacher, 2009), or when player identity 

is visible to other group members (Andreoni & Petrie, 2004). This effect is also apparent 

even when individuals feel that they are being watched, e.g., when stylised or real images of 

eyes are present during decision-making (Bateson, Nettle, & Roberts, 2006; Burnham & 

Hare, 2007; Ernest-Jones, Nettle, & Bateson, 2011; Haley & Fessler, 2005)6.  

Not only is this ‘observability effect’ present in the lab but has also been replicated in 

field studies. For example, more people registered for a blackout prevention program when 

the sign-up sheet was publicly visible in a communal area of a students’ halls of residence 

(Yoeli, Hoffman, Rand, & Nowak, 2013). Similarly, the frequency of blood donations 

increases when the identity of generous donors are announced publicly (Lacetera & Macis, 

2010). However, it is important to also note here that reputation mechanisms can encourage 

 

6 Although, it is also worth noting that this eye watching effect was not found when using a diverse subject pool, 

and in truly anonymous environments, such as Amazon Mechanical Turk (Raihani & Bshary, 2012). This 

finding was also confirmed by meta-analysis, suggesting that the effect of artificial surveillance cues on 

cooperation is not robustly replicable (Northover, Pedersen, Cohen, & Andrews, 2015). 
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cooperation, but only when cooperation is perceived positively, which can depend on the 

social norms of a particular group. For example, interventions using environmental 

sustainability incentives to ‘nudge’ politically conservative people to reduce electricity use 

appear to be less effective than when targeted at the politically liberal (Costa & Kahn, 2013). 

In addition, research has also suggested that although people are typically more generous in 

public settings, it is important that this is in the absence of monetary/material incentives – 

i.e., people want to be perceived as generous, rather than being motivated to cooperate by 

their own payoff (Ariely, Bracha, & Meier, 2009). It appears that the presence of these 

incentives can ‘crowd-out’ cooperation in public settings (Kraft-Todd et al., 2015). 

Reputation information must be communicable to be effective 

One key assumption of the above research, suggesting that the opportunity to gain a 

good reputation can inspire cooperation, is that this information must be communicable to 

potential interaction partners in some form (Rand & Nowak, 2013). In the social world, our 

interactions can take many forms, including interacting with strangers in online 

environments, where information about others is often conveyed across formalised reputation 

systems. In online market places, like eBay, these reputation systems have economic 

consequences, as vendors with good reputations are trusted more by buyers and can thus 

stand to earn more than those where no reputation is available (Resnick, Zeckhauser, 

Swanson, & Lockwood, 2006).  

Similarly, information about others can be transmitted verbally across actors in social 

networks. For example, gossip about others’ behaviour affects how people interact with that 

person and cooperation is higher when people encounter positive gossip about an agent 

(Sommerfeld, Krambeck, Semmann, & Milinski, 2007). However, human memory is 

imperfect, so gossip may sometimes convey inaccurate information about the reputation of 

potential social partners. Ultimately, direct ‘behavioural experience’ with different social 
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partners is important and affects the social judgements that we make about interaction 

partners (Bayliss & Tipper, 2005; Heerey & Velani, 2010; Shore & Heerey, 2011). These 

judgements may also affect the decision to cooperate with that partner (Hoffman, Yoeli, & 

Nowak, 2015). Part of this behavioural experience with social partners therefore comes from 

observations of their behaviour and the ability to receive social cues from these partners.  

Social cues can signal intentions for cooperation 

Indeed, observable behaviour can signal the intent to be cooperative (Jordan, 

Hoffman, Nowak, & Rand, 2016). Also, individual social cues can also be influential on 

decisions to cooperate. For example, research has suggested that positive social signals 

increase cooperation (Scharlemann, Eckel, Kacelnik, & Wilson, 2001) and that emotional 

expressivity in general is predictive of cooperative intent (Schug, Matsumoto, Horita, 

Yamagishi, & Bonnet, 2010). Moreover, some social cues, i.e., genuine smiles, are sent and 

interpreted as honest signals for trustworthiness and yield higher payoffs for dyads 

(Centorrino, Djemai, Hopfensitz, Milinski, & Seabright, 2015).  

Similarly, research has found that initiating laughter within a dyad is correlated with 

increased levels of cooperation, suggesting that this cue may also be an honest signal for 

cooperative intent (Burton-Chellew & West, 2012). This finding comes from studying a high-

stakes situation in which realistic social interaction was possible – on a televised British 

gameshow “Golden Balls”. Here, contestants must decide whether to ‘split’ or ‘steal’ an 

accumulated pot of money, which in some cases can be substantial, in a variant of the 

Prisoners Dilemma game (van den Assem, van Dolder, & Thaler, 2012)7. Interestingly, 

 

7 See van den Assem et al., (2012) study details for a particularly thorough explanation of the gameshow 

procedure. Although these studies bring with them their own unique caveats (such as the self- and commercial-

selection of participants, for example), they also provide a novel opportunity to study decision-making under 

conditions that would be difficult to replicate in the laboratory. For example,  van den Assem et al., (2012) 

estimated that it would cost £2.8m to replicate the Golden Balls setup under experimental conditions. As one of 

the oft-cited limitations to experimental games are that they are low-stakes (see List & Levitt (2005) for a full 
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research has also found that the way in which contestants spoke to each other and made 

promises was also indicative of their final decision. That being, players who used explicit and 

unconditional statements such as “I will split” were more cooperative than players who used 

more malleable, conditional statements such as “I will split if you split” (Turmunkh, van den 

Assem, & van Dolder, forthcoming 2019). This would suggest that it is possible to infer how 

trustworthy a player is by the way they speak. 

Back in the experimental world, research has found that judgements of a partner’s 

trustworthiness can also lead to increased cooperation with that partner, even if this signal is 

misleading (van ’t Wout & Sanfey, 2008). Thus it seems that positive social signals/social 

judgements of interaction partners, can cause people to overestimate the value of these 

signals (Averbeck & Duchaine, 2009; Gaertig, Moser, Alguacil, & Ruz, 2012; Shore & 

Heerey, 2011), leading to increased trust/cooperation with that partner, even if their 

behaviour is actually no different to that of more ‘negative’ social partners (Ruz, Moser, 

Webster, McCandliss, & Quartz, 2011). 

The role of face-to-face communication with social partners 

An early review paper on the role of communication in economic games suggests that 

the opportunity to communicate with a game partner helps to increase cooperation compared 

to when this opportunity is absent (Sally, 1995). Interestingly, the opportunity to 

communicate with others may present the opportunity to negotiate with partners to elicit 

cooperation, even if this occurs via written communication rather than face-to-face 

interactions (Bochet, Page, & Putterman, 2006). However, it appears that in general, 

cooperation is better sustained via face-to-face interactions than through written 

 

discussion), these studies can give us a glimpse of the social processes that may underpin decision-making 

under tangibly high-stakes situations, helping to address such caveat.  
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communications (Balliet, 2009) and these opportunities also mean that people are more 

honest (Van Zant & Kray, 2014). It also seems that whilst face-to-face interaction makes 

people more cooperative, this effect is mediated by the level of rapport between the dyad 

(Drolet & Morris, 2000). Thus, it seems that it is not merely the ability to interact with others 

that fosters cooperation but the social processes occurring between partners that also play a 

role in decision–making (Bicchieri & Lev-On, 2007).  

It is also important to note that studies with communication opportunities often 

involve discussion of intentions, examining the role of this type of communication plays in 

fostering cooperation specifically (e.g., Arechar, Dreber, Fudenberg, & Rand, 2017; Isaac & 

Walker, 1988). However, these interactions are qualitatively different to interactions that do 

not involve explicit negotiation (Putnam & Jones, 1982), and may actually engage fairness 

norms in explicit ways that are atypical of natural social processes (Welsh, 2004).  

As such, there are very few studies that actually allow for social interaction during the 

decision-making process; much less are those allowing for naturalistic interactions similar to 

those in everyday social exchanges. An early study that did allow for some element of free-

form discussion between participants hypothesised that this would have no bearing on 

participants’ decisions, as the economic model prediction for games with communication 

were the same as those without (Ostrom, Walker, & Gardner, 1992). However, in this study, 

earnings from games allowing for communication between players (that did not include 

discussion of game strategies) were in fact substantially larger than when no communication 

was allowed. This was an early indication that players may actually take into account factors 

from the social environment when making economic decisions. 

Gächter & Fehr (1999) further contributed to this idea by comparing cooperation in 

the PGG under different ‘social exchange’ conditions. Players could either interact face-to-

face before and/or after the game, or participate in an anonymous control condition. ‘Social 
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exchanges’ taking place before the game were designed to establish minimal familiarity 

between participants. Exchanges after the game involved the group analysing each player’s 

contribution decisions throughout the game. Findings indicated that contributions from the 

condition where players could interact before and after the game were larger than all other 

conditions. Contributions in all conditions decayed over time, except for those on the final 

round of the game (of which players knew about in advance) where all contributions 

increased, except for those in the anonymous condition. These results suggested that 

establishing some familiarity between participants pre-game and the possibility of interacting 

with them again at the end of the game was enough of an incentive to boost contributions. 

One observation of the above study is that the pre-game social interactions appear 

stilted. Players were given topics to discuss (study topic, hobbies) and then were required to 

play a ‘guessing game’ with each other. The latter seems particularly unrepresentative of 

real-world interactions upon meeting someone new. Additionally, although players could 

have post-game discussions about contribution decisions, they were not able to communicate 

throughout the game. However, in the real world, we are often engaged in long term 

relationships and alter our decisions based on the most up to date information we have on 

interaction partners, gleaned from social interactions.  

This issue is also relevant to a more contemporary study that either allowed group 

members to either interact face-to-face, via a chatroom, or to exchange ‘cheap talk’ (promises 

about their future contributions) before engaging in a PGG (Bochet et al., 2006). While this 

study found that pre-game face-to-face discussion was effective in establishing larger 

contributions (96% of the maximum possible contribution) compared to the chatroom 

condition (81% of maximum), it did not allow for continuous interactions across the game 

period, nor did it consider or record the quality of these social interactions. This is 

noteworthy because much of the theory about factors that influence social behaviour come 
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from ‘pseudo-social’ studies that can only approximate real world social stimuli; meaning 

that evidence of the characteristics of effective real world  social interactions largely remain 

unknown and understudied (Heerey, 2015). 

As a result, in this thesis, we attempt to capture and decode elements of naturalistic 

social interactions occurring throughout the process of cooperative decision-making, 

contrasted against typical anonymous laboratory settings. This therefore provides a first look 

at the influential characteristics of these group level social interactions, discussed Chapters 2 

& 3. 

Social versus monetary incentives for cooperation 

In the first two chapters, we were also interested in examining the effect of different 

types of punishments and rewards across the aforementioned social interaction contexts (i.e. 

face-to-face versus typical anonymous laboratory settings). We were interested in exploring 

how ‘social’ incentives may fare compared to monetary. We designed our punishments (and 

rewards) based on methodological observations from two key papers – Masclet, Noussair, 

Tucker, & Villeval (2003); Noussair & Tucker (2005). These papers were amongst the first to 

theorise about the role of ‘informal sanctions’ in cooperative decision-making, i.e., social 

disapproval, versus the typical ‘formal sanctions’ (i.e., monetary punishment) often studied in 

laboratory economics games (Masclet et al., 2003). 
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 In these papers, groups of four players engaged in a multi-round PGG in an 

anonymous laboratory environment – that being one in which players could not see or 

interact with group members face-to-face, but instead played via computer terminals. After 

each round, contribution amounts were displayed on a player’s screen (not explicitly tied to 

the contributor’s identity) and participants could then decide whether they wanted to punish 

someone. In the monetary punishment condition, players could anonymously assign 0-10 

punishment points that would lower the recipient’s return by an increasing amount as defined 

by a punishment schedule. In the non-monetary punishment condition, informal sanctions 

were operationalised as ‘disapproval points’, whereby a player could assign 0-10 disapproval 

points to indicate how much they disapproved of another player’s contribution behaviour on 

that round. This non-monetary version of the punishment was designed to be directly 

comparable to the punishment points in the monetary condition. In both studies, results 

indicated that the availability of monetary sanctions lead to higher average group 

contributions than non-monetary sanctions. Results from Noussair & Tucker (2005) highlight 

this effect especially well in Figure 1.1. 

Figure 1.1. Results figure taken from Noussair & Tucker (2005), displaying the decay of 

average group contribution over experimental period in the non-monetary (NP) condition, i.e., 

the use of disapproval points as an informal sanction. Monetary punishments (MP) appeared to 

sustain average contributions over time, as well as when both punishments were available (BP). 
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Although these papers were the first attempt to incorporate the idea that social factors 

may play a role in cooperative decision making, we observe several methodological issues 

here. Firstly, it is unusual for social partners in the real world to express disapproval by 

assigning a number of ‘points’ to someone. This appears to be very abstract version of social 

punishment to that which the authors intended to study, and so it is unclear what these results 

may be telling us about how this punishment type may shape cooperative behaviour. 

Secondly, the context in which players interacted in these studies is also an atypical 

environment compared to that which participants would normally experience (as discussed at 

length in: Levitt & List, 2007) in that real world interactions are rarely completely 

anonymous. And so, it is unclear how these results would differ if social punishments and 

interaction contexts were manipulated to be more representative of real life; that is if 

participants were allowed to directly communicate their disapproval (or any other emotional 

expression) towards those receiving a punishment.  

Accordingly, we explore whether cooperation in the Public Goods Game is affected 

by punishment type and social interaction context in Chapter 2. Additionally, research has 

found that although the availability of punishment results in larger contributions to the public 

good compared to when it is not, individual payoff is actually higher when rewards are 

available compared to punishment (Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). 

Therefore, in Chapter 3, we also explore the effects of social versus monetary rewards on 

cooperation over different social interaction context in Chapter 3. 

The importance of social feedback 

We expect that the transmission of social information, in face-to-face interaction 

settings, in response to punishments and rewards, may affect future economic decisions. 

Thus, we expect that social feedback from interaction partners to be important in shaping 

other forms of decision-making. Accordingly, we also expect social feedback to affect the 
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process of learning on an intrapersonal level. Indeed, social cues are abundant in the 

environment and so, the ability to learn from other agents in our environment is important, 

especially as interactions change dynamically on a moment-to-moment basis (Kringelbach & 

Rolls, 2003).  

Being attuned to social cues from interaction partners is an important evolutionary 

function as these cues convey important information about the environment, as well as the 

sender’s emotional and mental state (Emery, 2000). Individuals can then use these cues from 

others to predict what they will do in the future (Heerey & Velani, 2010). Thus, it also 

follows that information from others may also direct an individual’s own behaviour; to 

inform one of what they have done well, or what behaviours in which one should cease to 

engage. Indeed, subtle changes in social cues from others are used to dynamically adjust an 

individual’s behaviour (Kringelbach & Rolls, 2003); to maximise the chance of reward and 

minimise that of punishment (Heerey, 2014). Furthermore, some individual social cues, such 

as smiles, are intrinsically rewarding (Averbeck & Duchaine, 2009; Shore & Heerey, 2011), 

and these social rewards are more valuable compared to non-social alternatives, even when 

these stimuli convey the same objective value (Heerey, 2014; Shore & Heerey, 2011). Thus, 

the use of social stimuli as feedback is more effective compared to non-social, symbolic 

feedback during an associative learning task (Hurlemann et al., 2010).  

However, an avenue in which the effect of social feedback has not been explored, is 

during implicit learning tasks. The process of implicit learning is interesting as we often learn 

abstract rules about the world without explicit instruction (Janacsek & Nemeth, 2012), thus, 

implicit learning can be defined as the process of learning a contingency without explicit 

awareness (Shanks, 2005). An effective method for measuring the process of implicit 

learning, beyond surface level indices, is the Event Related Potential technique (Baldwin & 

Kutas, 1997; Eimer, Goschke, Schlaghecken, & Stürmer, 1996). Currently, we do not know 
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whether the type of feedback (i.e., social versus non-social) affects the process, or neural 

signature, of implicit learning. Thus, in the final empirical chapter of this thesis (Chapter 4), 

we are interested to explore whether exposure to social feedback, especially social rewards 

(i.e., smiles; Heerey & Crossley, 2013; Shore & Heerey, 2011), compared to non-social 

‘symbolic’ feedback, differentially affects the process of implicit learning during a novel card 

game. 

Preface 

In the following empirical chapters, I thus explore the effect of social information, 

including rewards and punishments, during cooperative decision-making and implicit 

learning. It is important to note that throughout this thesis, I will be studying proximate 

explanations of social behaviour and cooperation. These explanations are those that are 

concerned what a behaviour looks like rather than why it exists (i.e., an ultimate explanation). 

For example, cooperation may be explained by individual predispositions to reward/punish 

others (Fehr & Fischbacher, 2003), or by experiencing ‘moral emotions’ (e.g. guilt), that 

regulates altruism to allow cooperation between social partners (Trivers, 1971). As opposed 

to providing answers to the question of ultimate cause – i.e., why cooperation between 

individuals might exist, this thesis instead contributes to the literature that provides proximate 

explanations of behaviour that underpins cooperation.  

In Chapter 2, I address the question of how naturalistic social interactions may affect 

cooperative behaviour during the Public Goods Game, an aspect of decision-making that has 

so far been overlooked in this field. Furthermore, in this chapter, I compare different types of 

punishments (monetary, social or both) to further examine whether the efficacy of 

punishment type depends on the social setting in which it is administered. In Chapter 3, I 

extend this novel variant of the Public Goods Game to examine the effect of different types 

of rewards on cooperative decision-making. Finally, in Chapter 4, to explore the potential 
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facilitatory effect of social rewards on learning, I compare social and non-social stimuli used 

as feedback during a novel implicit learning paradigm. 
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Abstract 

Cooperation in economic games is a puzzle. Under certain laboratory conditions, this 

strategy has the potential to reduce individual payoffs, thus is not economically rational. Yet, 

cooperation is widely observed in such games, particularly when the option to punish free-

riders is present. Research in laboratory settings suggests monetary punishments are superior 

in maintaining cooperation to non-monetary “social” alternatives (Masclet et al., 2003; 

Noussair & Tucker, 2005). In contrast, there is also a large body of literature suggesting that 

reputation incentives maintain cooperation. Here, we investigated these ideas by comparing a 

standard, anonymised Public Goods game with a socially enhanced version of the game in 

which participants could freely interact with each other. We also compared monetary (return 

reduced by 50%), social (lowest contributor publicly named) and combined punishment 

versions. In the anonymised game context, we replicated common findings: monetary 

punishments improve cooperation compared to social punishments. However, this pattern 

reversed in the face-to-face setting. Although in our game punishments were not costly to 

distribute, we did find that larger costs were associated with social punishments in this 

context, but punishments in the anonymised context did not appear to be as unpleasant to 

give/receive. Furthermore, In the face-to-face condition, we found that group interaction 

positivity predicted players’ contributions on the next round in conditions involving social 

punishments. Together, these results suggest that access to social information and the 

immediacy of reputation incentives drove cooperative decision-making in the face-to-face 

game in a way that was not present in the anonymised game.  
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Introduction 

Every day, people contribute time, effort and resources to support public goods - 

individually subscribed provisions designed for public benefit. These provisions add value to 

people’s lives by ensuring access to goods and services and evening resource distribution 

across individuals (Gravelle & Rees, 2004). Public goods operate at both global and local 

levels, including international funds for disaster or humanitarian relief, contributions to 

nationalized health care programs and charitable donations. Because of their reach and 

consequence, understanding how and why people contribute is important for both policy 

makers and social partnerships that rely on personal public contributions (Parks, Joireman, & 

Van Lange, 2013; Rand, Yoeli, et al., 2014). 

Unfortunately, public goods provisions are often costly to run and contributors bear 

financial or effort-related burdens to maintain these resources. They are also ‘non-excludable’, 

meaning that anyone can access them, including those who have not contributed their fair 

share. This presents the opportunity to “free ride” on the cooperation of others (Isaac, McCue, 

& Plott, 1985; Kim & Walker, 1984), thereby creating a social dilemma in which those who 

invest highly subsidise other players’ benefits (Isaac, Walker, & Williams, 1994; Marwell & 

Ames, 1980).  

To explore the landscape of public goods provision, experimental economists have 

developed the public goods game. In basic games, participants receive an endowment (usually 

in money or tokens) and independently choose how much they wish to contribute to a public 

fund. The fund is then tallied, multiplied by some factor (typically greater than one and smaller 

than the number of players) and the result split evenly amongst the players, regardless of initial 

contributions (Andreoni, 1995). 

Although a contribution of zero is the dominant strategy in the public goods game 

(Olson, 1965, as cited in Ostrom, 2000), evidence shows that players are often more 

cooperative than “rational” economic models would predict (Camerer & Fehr, 2006; Kahneman 
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& Tversky, 1979; Roth et al., 1991), showing a willingness to sacrifice their own personal 

payoffs in favour of the group’s return (Isaac & Walker, 1988; Isaac et al., 1994; Rand, Dreber, 

Ellingsen, Fundenberg, & Nowak, 2009). One explanation for this behaviour is that players are 

continuing to employ the cooperative intuitions that are fruitful in everyday social interactions 

(Rand et al., 2014; Rand, Greene, & Nowak, 2012). Indeed, cooperation may be the “default” 

state due to repeated interactions with social group members, (Andreoni, 1988). In the 

laboratory, however, players tend not to maintain initial cooperation levels, as they learn that 

unreciprocated generosity does not, on average, yield profitable results (Andreoni & Croson, 

2008; Burton-Chellew & West, 2013; Burton-Chellew, Nax, & West, 2015; Croson, 1996; Fehr 

& Gächter, 2000). Moreover, in laboratory settings, there are often negligible real-world 

repercussions following defection (Guala, 2012).  

Interestingly, the inclusion of social information may promote generosity. For example, 

people are more likely to be generous to those who have been generous with others 

(Fischbacher, Gächter, & Fehr, 2001; Wedekind & Milinski, 2000; Seinen & Schram, 2006). 

Moreover, when people’s actions are directly observable, behaviour changes for the better 

(Andreoni & Petrie, 2004; Kraft-Todd et al., 2015). This suggests that people have additional 

motivation to cooperate when they can gain a prosocial reputation (Ariely et al., 2009; 

Engelmann & Fischbacher, 2009), potentially to signal their trustworthiness to future 

interaction partners (Jordan, Hoffman, Nowak, & Rand, 2016). However, when behaviour is 

not directly observable, defection becomes prevalent (Hoffman et al., 1994). 

Another effective method of maintaining public goods contributions is the introduction 

of monetary sanctions (Balliet et al., 2011; Fehr & Fischbacher, 2004a; Henrich et al., 2006). 

Indeed, evidence shows that when contributions deviate from expectations, people are prepared 

to punish the perpetrators, even when this is a costly option (Fehr & Fischbacher, 2004b; Fehr 

& Gächter, 2000a; Herrmann et al., 2008). To implement targeted sanctions, participants 
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typically receive information about contribution amounts, even though this information is not 

explicitly linked to contributor identity (Fehr & Gächter, 2000, 2002; Masclet, Noussair, 

Tucker, & Villeval, 2003; Noussair & Tucker, 2005; Rand et al., 2009). However, this practice 

presents a potential problem. Although it allows for targeted punishments, it also provides a 

‘descriptive norm’ (Cialdini, 2003) about how others are playing, which may alter subsequent 

contributions. Thus, it is it difficult to disentangle the effects of costly punishment from the 

effects of normative information on participants’ economic decisions. 

Research has sought to compare the effects of monetary punishments with sanctions 

designed to emulate social disapproval, operationalised, for example, by assigning 

disapproval ‘points’ to defecting players (Masclet et al., 2003; Noussair & Tucker, 2005). 

Interestingly, results from these studies suggest that non-monetary sanctions seem to be less 

effective than monetary sanctions in promoting cooperation in the laboratory. In field studies, 

however, interventions manipulating an individual’s social concerns appear to be consistently 

effective at maintaining cooperation, compared to cost/benefit manipulations (Kraft-Todd et 

al., 2015).  

One reason for this discrepancy may be that in the real social world, people directly 

communicate disapprobation (Gächter & Fehr, 1999), thereby enhancing its effectiveness. In 

this study, for example, participants who had face-to-face interactions before and after the 

game contributed significantly more than those who did not have interaction opportunities 

(Gächter & Fehr, 1999). Other work also shows face-to-face interaction to be beneficial for 

cooperation (Balliet, 2009; Drolet & Morris, 2000; Ostrom, 2000) and honesty between 

social partners (Van Zant & Kray, 2014). Thus, in socially impoverished laboratory contexts, 

where interaction with social partners is not possible, the “sting” of social disapproval may be 

reduced, as there are no tangible social consequences for punished players (Masclet et al., 

2003; Noussair & Tucker, 2005). However, it is so far unknown how face-to-face social 
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interaction and more naturalistic social punishment may interact to influence cooperative 

behaviour. 

Here, we resolve these controversies by asking two questions. First, we use a multi-

round public goods game to ask how much people change their behaviour when receiving 

punishments in the absence of normative information (i.e. the contribution amounts of other 

group members). Second, we ask how the game context (social ‘face-to-face’ or non-social 

‘anonymous’) changes the relative effectiveness of monetary versus social sanctions. Assuming 

that normative information is not solely responsible for maintaining contribution levels, we 

predicted that in the typical anonymous version of the game, monetary, but not social 

punishment would serve to maintain contribution levels, thereby replicating previous findings. 

Experiment 1 

In this experiment, we implemented a standard version of the multi-round public goods 

game using an internet-based protocol. This protocol is similar to many previous experiments 

in that players experience non-manipulated games in a fully anonymous context (e.g., 

Andreoni, 1988) and it includes both reputational (labelled ‘Social’ punishments for simplicity) 

and Monetary punishments. Here however, we examine punishments in the absence of 

descriptive data about others’ investments by making the punishments “free” to administer, 

with the caveat that the lowest contributor is always punished (including, potentially, the 

punisher). We can therefore examine how much extra money people are naturally willing to 

contribute in order to avoid punishment, how much punishment experience changes future 

contributions in the absence of normative data, and how social and monetary punishments 

compare on these factors. 

Method 

Participants  

One hundred twenty undergraduate participants completed a public goods game in 

exchange for partial course credit and a small monetary bonus. The sample consisted of 94 
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females and 26 males (mean age=19.81; SD=2.60). Participants provided written informed 

consent before participating and the University’s Ethics Committee approved all study 

procedures (likewise for Experiment 2 below). The sample size was determined in advance 

based on both budgetary limitations and the number of groups we estimated we would be able 

to recruit over the course of the year. Data analysis began only after data collection was 

complete (likewise for Experiment 2). 

Procedure 

Participants attended the experiment in groups of four for an iterated 15-round public 

goods game, played online via networked computer terminals. They arrived to a student lounge 

outside a busy campus computer lab. The experimenter greeted them individually and showed 

them to computers in different sections of the lab. Importantly, the lab was in full operation 

during the experiment, meaning that players were not aware of which other lab users were 

playing the game or which randomly assigned colour each player played.  

A purpose-built website (controlled by a MySQL database) coordinated the game, 

firstly providing players with 

standardised instructions 

(Appendix A), then allowing 

players to make their 

contributions independently 

(Figure 2.1a), whilst viewing 

round feedback 

simultaneously. Players could 

not move to the next round 

before all four investments 

were recorded (Figure 2.1b) 
Figure 2.1. Web protocol. Example of a non-punishment round. a) Page on 

which participants indicated their contributions; b) contributions as 

received; c) round feedback. 
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and investment feedback displayed for a minimum of 2 seconds (Figure 2.1c). The contribution 

phase began with an endowment of 10 pence (0.10GBP). Participants then chose the amount 

they wished to contribute to a “group resource.” They retained the rest in a private “bank.” 

Participants made their contributions by clicking radio buttons on the webpage. After the 

contribution phase, the database tallied the total fund, multiplied it by 1.6 (Zelmer, 2003) and 

calculated participants’ returns. The return was 25% of the total fund. If the total fund was not 

evenly divisible by 4, it was rounded up to nearest integer so that each player received the same 

return. This methodological feature was necessary because in Experiment 2, we used 

endowments of real pennies (GBP 0.01). Thus, we were not able to give returns from the group 

contribution in denominations smaller than 1 penny. We therefore used the equivalent 

experimental currency in this version of the game. Participants then received feedback about 

the group’s total investment and their individual return (Figure 2.1c). Players were unaware of 

the number of rounds they would complete in the game. However, they were aware that they 

played the same group of participants throughout all game rounds. 

Participants played five “practise” rounds (with no punishment options available). After 

Round 3, they completed a quiz assessing their understanding of the game (Appendix B(i). See 

also Appendix B(ii) for details on comprehension scoring and analysis). Participants always 

received a standard reminder about the “rational” contribution strategy after the quiz that 

encouraged them to consider their returns in the context of their contributions, and in the 

context of other players’ possible strategies (Appendix C). 

After five practise rounds, the website introduced the opportunity to punish free-

riding players. This task phase began with instructions about the protocol for punishments. 

Beginning on the contribution page for Round 6, each player viewed a set of four coloured 

“punishment tokens” (small squares matching the player’s colour). If a player decided to 

punish another, he/she ticked a button on the screen and one of the available tokens 
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disappeared. Players made this decision on the same screen as they made their contribution 

decision and were aware that this punishment would be applied based on their investment 

behaviour on that current round. The database applied the punishment to the player who had 

made the lowest contribution to the group’s total on that round, randomly selecting amongst 

equally low contributors. 

We opted to use punishment in this way, as opposed to allowing participants to target 

their punishments based on how other players had contributed (as in Rand, Dreber, Ellingsen, 

Fudenberg, et al., 2009, for example), so that we could determine the effect of punishment in 

the absence of specific normative information about others’ contribution strategies. Evidence 

suggests that such information may influence contribution decisions in a large proportion of 

players (Fischbacher et al., 2001), and yet many studies display players’ (anonymised) 

contribution information when allowing players to choose a punishment target (Masclet et al., 

2003; Noussair & Tucker, 2005; Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). Therefore, 

by removing access to contribution information, we can determine how players alter their 

contributions when giving/receiving punishments when they do not have the ability to make 

direct conclusions based on their knowledge of how other players’ contributions vary over 

rounds. Note that this feature also meant that punishments were democratically distributed to 

the lowest contributor, thereby limiting the ability for players to use punishments ‘antisocially’, 

in which players enforce a particular level of contribution by punishing those who are seen to 

be over-contributing (Herrmann et al., 2008). 

To indicate that a player had been the lowest contributor, he/she received a black 

punishment token and text feedback with return information (e.g., “On this round, YOU have 

received a punishment!”). This meant that the identity of the punisher remained anonymous. 

Players received only four punishment tokens for the 10 game rounds in which punishment was 

possible. These were not replenished if a player chose to distribute them all. If more than one 
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player chose to punish on any round, the extra punishment was held in reserve and applied on 

the next round in which no player had chosen to punish. Participants were made aware of this 

contingency when they received instructions for the punishment rounds. This feature was to 

allow there to be a peer-implemented punishment on most of the rounds of the game, as peer-

implemented (or ‘decentralised’) punishment appears to be a stronger moderator of cooperation 

than ‘centralised’ punishments (i.e., those that are determined by the experimenter or external 

authority; Balliet et al., 2011). Furthermore, this feature also meant that the threat of 

punishment would be omnipresent, much like it is in many real world social interactions. As a 

small scale example, those who neglect their duties in a shared household run the risk of 

receiving hostility from a disgruntled housemate or landlord at some future point, even if they 

avoid ‘punishment’ immediately. Thus, by allowing unused punishments to carry over to future 

rounds, we are able to imitate this looming threat of punishment for antisocial behaviour, 

adding an element of realism to our game. 

There were three punishment conditions: monetary only; social only; and monetary and 

social punishments combined. Punishment type was a randomly assigned, between-groups 

manipulation (10 groups per condition), so all members of a group experienced only one type 

of punishment. Importantly, because the database randomly assigned punishment conditions to 

groups, the experimenter was blind to which punishment condition was active within a group.  

In the monetary-only punishment condition, punished players received a reduced return 

(e.g., “The GROUP return is [12] pence. YOUR return is [6] pence.”). The reduced return was 

50% of the group return. If this number was not evenly divisible, it was rounded down to the 

nearest whole number. Importantly, only the punished player knew about the punishment. 

Therefore, the identity of the punished player remained anonymous.  

In the social punishment condition, punished players received the same return as the 

other group members; however, the computer revealed the colour identity of the punished 
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player to all the players (e.g., “On this round, the RED player has received a punishment!”). 

Thus, although there was no financial penalty in this condition, the colour identity of the lowest 

contributor was known to the group. This allowed us to examine the effect of reputation 

building and maintenance on contribution levels. The third punishment condition included both 

social and monetary punishment, meaning that both punishments (publication of the punished 

player’s colour along with a reduced return) were applied.  

Finally, in contrast to many public goods games in which punishment is possible, our 

players did not “pay” in order to apply a punishment (i.e., these were not “costly” punishments 

per se). Instead, the lowest contributor received the punishment. This meant that if the player 

who chose to punish was also the lowest contributor, he/she was the person who received the 

punishment. Because players knew about this contingency in advance, we were able to examine 

the extent to which players naturally increased their contributions on rounds in which they 

included a punishment token, rather than enforcing a fixed cost as defined by the experimenter 

(as in, for example: Fehr & Gächter, 2000; Masclet et al., 2003; Noussair & Tucker, 2005). 

This therefore allows us to determine whether different punishment types (Monetary, Social, 

Combined) are particularly costly, and whether this cost differs across different social contexts 

(anonymous, face-to-face). Participants played 10 rounds of the game with punishment options 

available. After this, the game ended and participants were debriefed, paid their game earnings 

(approximately £2.25), and dismissed.  

Data Analysis 

Investment behaviour. We analysed average participant investment on punishment 

trials 6-15 using a one-way ANOVA model, implemented in SPSS. 

Cost of Punishment. Usually, the cost for a participant to punish another player is 

defined by the experimenter (Masclet et al., 2003; Noussair & Tucker, 2005). Here, we were 
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interested in determining whether the ‘natural’ cost that players were willing to pay differed 

depending on punishment type.  

To determine the cost that participants were willing to bear to administer punishment 

(here named the “cost to give” a punishment), we calculated the average contribution for each 

trial in which a player administered a punishment during trials 6-15 (i.e., the punishment 

phase). We then compared this to that player’s average contribution, also on trials 6-15, in 

which the option to punish was available, but where that player had neither included a 

punishment, nor received one on the previous round – subsequently refered to as a player’s 

“standard rate” contribution. Thus, the “cost to give” punishment variable was calculated as 

the difference between an individual’s average standard rate contribution and their average 

contribution on trials where they chose to give a punishment, excluding trials immediately 

after punishment receipt (as contributions may vary because of punishment receipt). We also 

used this same calculation for the trial after a player received a punishment to give a 

difference score from a player’s standard rate contribution, called the “cost to receive” a 

punishment. This gives an indication of the average change in contribution, compared to the 

average standard rate, on the trial after a player received a punishment. This analysis 

therefore provides a metric of the degree to which a punishment is unpleasant. If punishment 

is effective at enhancing contributions, a punished player’s next contribution after 

punishment receipt should be significantly higher than his/her typical, pre-punishment 

contribution.  

Trials in which a player received a punishment in the previous round and chose to 

punish on the next, (i.e., punishments that could have been motivated by the desire to 

retaliate) were removed from this analysis. On the trials after receiving a punishment, players 

chose to retaliate around 42% of the time in Experiment 1 and 38% of the time in Experiment 

2. Retaliatory punishments also constituted about 30% of the total number of punishments 
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distributed in Experiment 1 (Monetary: 32 retaliations of 113 punishments given = 28%; 

Social: 28/103 = 27%; Combined: 33/112 = 29%) and around 27% of trials in Experiment 2 

(Monetary: 32 retaliations over 123 punishments = 26%; Social: 23/81 = 28%; Combined: 

35/120 = 29%). Removing retaliatory trials meant that this analysis reflects only how much 

players changed their contributions to avoid their own punishments, eliminating the 

possibility that they may have also changed contributions when retaliating. 

Additionally, it is important to note that trials in which a player gave a punishment and 

received his/her own punishment back (i.e., self-punishments) were included in this analysis. 

Specifically, self-punishments represent equivalent ‘learning opportunities’ with respect to the 

current cooperation level in the game as do other-punishment trials. Such outcomes are 

therefore equally valuable in terms of allowing players to correct their contribution levels. 

We used a customised mixed-model, nested design ANOVA (in which individual 

players were nested within groups, adapted from the Social Relations Model; Back & Kenny, 

2010; Kenny & La Voie, 1984) implemented in SPSS, to examine these difference scores 

(likewise for Experiment 2 and the analogous analysis in Chapter 3). Cost type (for Giving and 

Receiving punishment) served as the within-participants variable. Punishment Condition 

(Monetary, Social, Combined) was the between-participants factor. The dependent variable was 

the change in investment (pence) when giving/receiving punishment versus a participant’s 

“standard rate” contribution – that being average investment on trials where a player has not 

given a punishment, nor did they received one on the previous trial. Post-hoc comparisons are 

Bonferroni corrected throughout the report, and corrected p-values are reported. 

One other important note is that in no analysis have we made direct comparisons 

between the pre-punishment (trials 1-5) and the punishment (trials 6-15) phases. We have only 

analysed the pre-punishment phase to compare average investment across punishment groups. 

This was to ensure that groups were behaving similarly prior to the introduction of punishment 
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– i.e., that there had been no administration error or experimenter bias that systematically 

affected the groups before the punishment phase began. 

Results and Discussion 

Investment behaviour 

Participants’ investments across trials appear in Figure 2.2a. Broadly, these data show 

that introducing the option to punish increases contributions, as seen in previous research (Fehr 

& Gächter, 2002; Masclet et al., 2003; Noussair & Tucker, 2005). These data also show that the 

type of punishment is important, F(2,116)=6.27, p=.003, ηp
2=.10. Unsurprisingly, we replicate 

previous results showing that “social”/reputational punishments are less effective at 

maintaining high contribution levels than punishments with a monetary component in 

anonymised, laboratory environments (corrected p-values<.048). There were no differences 

between monetary punishment only and combined punishment conditions (p=.937). The 

punishment conditions did not differ in contribution levels prior to the introduction of 

punishment, F(2,116)=0.30, p=.743, ηp
2=.01. 

Figure 2.2. Experiment 1 results. a) Contributions by punishment condition across trials. NB. This figure gives a 

descriptive representation of average individual contributions by round number, per condition, only. For statistical 

analysis, we analysed average contribution by punishment condition, collapsed across trials 6-15. b) Average 

increase in contributions when giving (white bars) and after receiving punishments (grey bars) by punishment 

condition. Individual data points are superimposed on the group averages. Error bars show the 95%CIs. 
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Punishment descriptive statistics 

When available, participants typically opted to use most of their punishment tokens, 

with 18.3% of players using 3 (of 4) tokens, and 46.7% using all 4 tokens. This therefore 

meant that most trials included the punishment of another player – 85% of Monetary trials, 

76% of Social, and 89% of Combined trials. However, statistically, there were no differences 

in the number of punishments administered across the punishment conditions, F(2,117)=0.35, 

p=.708, ηp
2=.01 (average number of punishments dispensed, per individual player: 

Monetary=2.83 (SD=1.52); Social=2.57 (SD=1.48); Combined=2.80 (SD=1.49)). Of all the 

trials that contained a punishment, punishments rebounded onto the distributor (i.e., self-

punishment) on 23.53% of monetary trials, 18.42% of social trials and 32.58% of combined 

trials.  

Cost of punishment 

Although both giving and receiving punishment led to increased contributions relative 

to pre-punishment trials (confirmed by one-sample t-tests: t-values>4.85, p-values<.001; Figure 

2.2b), results showed that there were no statistically significant differences between giving 

versus receiving punishment, F(1,78)=0.03, p=.859, ηp
2<.001, or across the punishment 

conditions generally, F(2,78)=0.49, p=.612, ηp
2=.01.  

We had predicted that for the monetary punishment conditions, the costs of receiving a 

punishment would be greater than for social punishment only, as previous research suggests 

that monetary punishments are more effective than social punishments (Masclet et al., 2003; 

Noussair & Tucker, 2005). However, we did not find this to be the case, as the Punishment 

Condition (monetary, social, combined) by Punishment Cost (giving, receiving) interaction was 

not statistically significant, F(2,78)=2.37, p=.100, ηp
2=.06. Thus, all participants increased their 

voluntary contributions when they chose to punish and after receiving punishment, although 

there were no differences across conditions. 
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Sensitivity to inequality model 

We additionally used our data to examine the degree to which participants appeared to 

be sensitive to other group members’ contributions. That is, we asked whether participants 

become aware of inequality between group member contributions in the absence of descriptive 

information (as evidence shows that they are aware of such discrepancies when normative 

information is present (Chaudhuri, 2010; Fehr & Gächter, 2000a)). Specifically, we examined 

how the discrepancy between one’s own contribution and the average of group member 

contributions on trial 𝑡 predicted contributions on trial 𝑡 + 1. We used the ordinary least 

squares regression method (Hayashi, 2000), to estimate the following first order autoregressive 

model: 

𝑌𝑖𝑡+1 = 𝐶 + 𝛼(𝑌𝑖𝑡 − 𝑌𝑖̅) + 𝛽(𝑋𝑗𝑡 − 𝑌𝑖𝑡) + 𝜀𝑖𝑡 

In this model, 𝐶 is the constant and models the intercept (average investment). 𝛼 is the 

autoregressive coefficient, which models linear dependency in a time series, (i.e., the extent to 

which a participant’s contribution on each trial depends on his/her typical contribution strategy; 

all punishment conditions modelled together). 𝑌𝑖𝑡 is participant 𝑖’s contribution on trial 𝑡. 𝑌𝑖̅ is 

the average of all participant 𝑖’s other contributions. 𝑋𝑗𝑡 refers to the average contribution of the 

other players in group 𝑗 on trial 𝑡, so the difference between 𝑋𝑗𝑡 and 𝑌𝑖𝑡 is the discrepancy 

between a player’s contribution and the average contribution of other group members on that 

trial. 𝛽 is the estimated regression coefficient for this term. This was modelled separately for 

each punishment condition. In order to compare the estimated terms in the model, we mean-

centred the raw data, meaning that the estimated terms code deviations from the mean. 

We now examine whether participants’ sensitivity to contribution inequity shapes future 

investments. One way to examine how sensitive people are to other players is to examine the 

extent to which their next contributions depend on the current average contributions of their 

group members. For example, if a player contributes three pence of a 12-penny fund, then the 
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average of the other players’ contributions is also three pence, meaning that the contributions 

are equitable (a discrepancy of zero). However, if a player contributes six pence of a 12-penny 

fund, then the other players have contributed an average of two pence, resulting in a significant 

discrepancy (four pence) between one’s own and others’ contributions.  

To examine the degree to which players were sensitive to group members’ 

contributions, we examined the strength of the estimated terms in our regression model. Table 

2.1 shows these results. Results showed that after accounting for participants’ own contribution 

strategies (e.g., a participant’s general tendency to make high contributions), participants used 

the discrepancy between their own contributions and the average contribution of the other 

group members to determine their next contributions (regression coefficients greater than zero). 

This occurred even in the absence of descriptive information about others’ investments. We did 

not find significant differences across punishment conditions in this effect.  

Together, results of Experiment 1 broadly replicate previous research findings showing 

that monetary punishments are effective at enhancing contributions over time. However, 

whereas social punishments were immediately effective (contributions increased on the trial 

following punishment), they did not maintain contributions to the same degree as did the threat 

of monetary punishment. Interestingly, in economic terms, the unpleasantness of the three 

punishment types was similar in terms of how much participants enhanced their next 

  Groups modelled together 

α 

(Autoregressive 

Component) 

Regression Coefficient 0.71 

95%CI: Lower Bound 0.64 

95%CI: Upper Bound 0.79 

  Monetary 

Punishment 

Social 

Punishment 

Combined 

Punishment 

β 

(Sensitivity to 

Inequality) 

Regression Coefficient 0.22 0.15 0. 13 

95%CI: Lower Bound 0.12 0.06 0.02 

95%CI: Upper Bound 0.32 0.25 0.23 

 
Table 2.1. Experiment 1 Regression Results (anonymous setting). Estimated unstandardised model coefficients, 

95%CIs. 
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contributions after receiving a punishment and in terms of how much extra they were willing to 

pay to avoid a punishment that they themselves had administered.  

Experiment 2 

As previous research shows, monetary punishments seem to be critical in keeping 

public contributions high. However, in the real world, public goods are often regulated within 

highly social settings. That is, one sees social partners on a daily basis and may therefore have 

a strong interest in maintaining interaction and relationship quality. In this type of setting, 

reputational information may serve an extremely important regulatory function in social 

decision-making. Insofar as people value reputation amongst face-to-face peers, they should be 

willing to pay to maintain it. We therefore ask whether social punishments enhance 

contribution strategies in an enriched social setting and whether the natural costs of giving and 

receiving punishment differ across punishment types. 

Method 

Participants 

We recruited 124 participants from an undergraduate student research pool. Participants 

received partial course credit and a small monetary bonus based on their earnings in the game. 

The sample consisted of 83 females and 41 males (mean age=19.82; SD=2.69).  

Procedure 

This version of the game used a similar procedure to that in Experiment 1, except that 

here, players were not anonymous. Rather, they played a 15-round public goods game face-to-

face, using real pennies as monetary tokens. To capture social influences on investment 

behaviour, participants were seated around a table and clearly visible to their fellow group 

members. We recorded their interactions via two wall-mounted video cameras located opposite 

to the long edges of the table at which participants sat (Figure 2.3). Although the cameras 

captured participants’ social interactions, they were positioned so that investment behaviour 

remained private. 
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In order to track each participant’s behaviour during the game, players received a 

colour-identity that they used throughout all 15 rounds. They sat behind color-coded screens to 

conceal their contribution behaviour from the rest of the group. Pilot research showed that the 

screens did not interrupt social interactions. Participants received standardised instructions 

throughout the game. At the start of each round, the experimenter gave each player an 

endowment of 10 pennies. Participants then chose the amount they wished to contribute to the 

public fund. They made their contributions by placing pennies into opaque, color-coded boxes 

and passing these to the experimenter. After receiving each player’s contribution box, the 

experimenter passed these to a “banker” (a second experimenter) located in an adjacent room.  

The banker, who had no contact with the group, entered participants’ contributions into 

a computer program that recorded the data, calculated the total fund and computed the group’s 

return as in Experiment 1. The banker then placed each player’s return (rounding up to the 

nearest whole penny if necessary), in 1-penny coins, into his or her contribution box and 

returned these to the experimenter, who informed participants of the total contribution and the 

return on the round (e.g., “The total was 15 pence and your return is 6 pence.”). The 

experimenter then returned contribution boxes and asked players to place all monies from that 

round (return plus endowment remainder) into their individual banks. The experimenter then 

started the next round by passing a new endowment to each player. Players were unaware of 

the number of rounds they would complete.  
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While participants waited for the banker to tally their contributions and dispense their 

returns, they were allowed to converse freely. However, the experimenter informed them at the 

start of the game that explicit negotiation about game strategy/contributions (both verbal and 

nonverbal) was forbidden. The interactions ranged 

from 46 seconds to 189 seconds (Mean length=118.11, 

SD=22.50). There were no differences in average 

interaction length between the punishment conditions, 

F(2,27)=1.92; p=.166. Measures of interaction mood 

and quality were rated from videos of these interactions 

(see ‘Video ratings’ section below). Due to a technical 

error, no interactions were recorded for one of the 

groups (social punishment) so we recruited an extra 

group of participants in that condition to replace the 

missing video data. Analyses of video data only 

necessarily exclude the group with missing data. 

As in Experiment 1, participants completed five 

rounds of the game without punishment options to 

establish the procedures and ensure that all players 

understood the rules. After Round 3, they completed a short quiz to assess their understanding 

of the game and then received a standard reminder about game strategy. After the five practise 

rounds, the experimenter introduced the opportunity to punish free-riding players. Each player 

received four color-coded plastic punishment tokens. If a player decided to punish another, 

he/she placed one token into the contribution box, along with his/her own contribution. Upon 

receiving a contribution box containing a punishment token, the banker applied punishment to 

the player who had made the lowest contribution on that round. Players were aware that their 

 

Figure 2.3. Player arrangement in the 

face-to-face context. Colour-coded 

screens ensured player privacy in terms 

of contributions, while allowing social 

interaction. 
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punishment would be applied to the lowest contributor on this current round. To indicate that 

they had been the lowest contributors, punished players received a black punishment token with 

their returns. 

The same three punishment conditions as in Experiment 1 were active here. The 

experimenter was blind to which punishment condition would be active in the game until 

Round 5 when players received verbal instructions about the punishments. In the monetary 

punishment condition, punished players received the black punishment token in their 

contribution box along with a reduced return (as in Experiment 1). Because punishment tokens 

were returned privately, the identity of the punished player remained anonymous. 

In the social punishment condition, punished players received the same return as the 

other group members; however, the experimenter placed the black punishment token into a 

pocket at the top of the punished player’s screen. This meant that it was in full view of other 

players. In addition, the experimenter named the colour of the player who received the 

punishment (e.g., “The blue player has received a punishment.”). Thus, although there was no 

financial penalty in this condition, the identity of the punished player was evident to all players. 

The third punishment condition included both social and monetary punishment, meaning that 

both punishments were applied. Participants played 10 punishment rounds, after which they 

were paid, debriefed and dismissed as in Experiment 1.  

Video ratings 

To obtain an estimate of the shared positive affect exchanged between each round, we 

asked an independent sample of participants (N=146; 96 females; Mean age=20.21, SD=2.76) 

to view and rate videos of the groups’ interactions as they waited for round feedback. Each 

participant rated 15 videos (randomly assigned) and each video was rated 4 (60 videos) or 5 

times (390 videos).  
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Participants rated each video according to a set of characteristics on a 5-point Likert 

scale (1=Not at all; 5=A great deal; see Appendix D for the full questionnaire). These included 

how smooth/coordinated the interaction seemed, how engaged the players appeared, how 

excited they seemed, how much shared laughter/smiling there was, how much they group 

talked, and the level of tension in the group (reverse scored). They also rated the overall mood 

of the group (1=Very negative; 5=Very positive). A factor analysis confirmed that these items 

loaded onto a single factor (item loadings>.52) and Cronbach’s alpha analysis showed that 

participants rated the videos in a highly reliable fashion (alpha=.89). We therefore computed an 

average “group positivity” score by averaging the ratings for each video. These scores served 

as the interaction quality ratings for the analysis of the Experiment 2 data (below).  

Results and Discussion 

Investment behaviour 

Participants’ investments across trials appear in Figure 2.4a. As in Experiment 1, there 

were no differences in average contribution prior to the introduction of punishment, 

F(2,120)=0.40, p=.673, ηp
2=.01, although the threat of punishment did increase contributions. 

We also found that punishment type was important, F(2,120)=9.00, p<.001, ηp
2=.13. Here 

however, we found that punishments with a social component maintained high investment 

levels, whereas monetary punishments did not (p-values<.002). There was no difference in the 

average contributions of the two groups with social components to the punishment (p>.99).  

Punishment descriptive statistics 

Over half of all players opted to use most/all of their punishment tokens when 

available, with 20.2% using 3 tokens and 37.9% using all 4. This meant that 94% of 

Monetary trials, 74% of Social trials and 95% of combined trials included the punishment of 

a player. This indicated a marked reluctance in using social punishments; a difference that is 

reflected statistically- F(2,120)=5.95, p=.003, ηp
2=.09 (average number of punishments 

dispensed, per inidividual: Monetary=3.08 (SD=1.14); Social=2.05 (SD=1.52); 
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Combined=2.73 (SD=1.35)). Players in the social punishment only condition gave 

significantly fewer punishments than did those in the monetary punishment only condition 

(p=.003). The social versus combined conditions did not differ (p=.078), nor did the 

monetary versus combined conditions (p=.683). Of all the trials that contained a punishment, 

punishments were inflicted on the distributor (i.e., they were self-punishments) on 20.21% of 

monetary trials, 20.27% of social, and 24.21% of combined trials. 

Cost of punishment 

As in Experiment 1, the average increase in voluntary contributions on rounds in which 

players chose to punish, relative to their standard rate contribution (punishment phase trials in 

which a player is not including a punishment, nor did they receive one on the previous roun), 

did not depend on punishment condition, F(2,85)=1.48, p=.233, ηp
2=.03 (see Figure 2.4b). One 

sample t-tests showed that these values were significantly greater than zero (t-values>5.76, p-

values<.001). Thus, regardless of group, participants increased their voluntary contributions to 

a similar degree when they chose to punish, in order to reduce the chance of receiving a 

punishment they had administered. We also found a significant main effect of punishment 

condition generally, F(2,85)=15.62, p<.001, ηp
2=.27, such that players in the monetary 

punishment condition changed their contributions less than players in the other conditions (p-

values<.001). The social punishment conditions did not differ from one another (p>.99). 
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However, this was qualified by a significant punishment cost (giving, receiving) by 

punishment type (monetary, social, combined) interaction, F(2,85)=5.00, p=.009, ηp
2=.11. Post-

hoc analyses showed that players in both social punishment conditions significantly increased 

their contributions above their standard rate after receiving punishments (one sample t-

values>10.80, p-values<.001. However, players in the monetary punishment only condition 

were reluctant to increase their contributions (one-sample t(26)=1.27, p=.215). Thus, in this 

enriched social environment, monetary punishment alone did not enhance contribution 

behaviour, whereas social punishments did. 

Sensitivity to inequality and positivity model 

We also examined how players’ sensitivity to inequality in contribution amounts shaped 

future investments, as in Experiment 1. However, in the context of this analysis, we 

additionally asked whether measures of group interaction quality (as rated from the interaction 

videos) on trial 𝑡 predicted contributions on trial 𝑡 + 1. We estimated the following first order 

autoregressive model: 

𝑌𝑖𝑡+1 = 𝐶 + 𝛼(𝑌𝑖𝑡 − 𝑌𝑖̅) + 𝛽(𝑋𝑗𝑡 − 𝑌𝑖𝑡) + 𝛾(𝑞𝑗𝑡) + 𝜀𝑖𝑡 

 

Figure 2.4. Experiment 2 Results. a) Contributions by punishment condition across trials. NB. This figure gives a 

descriptive representation of average individual contributions by round number, per condition, only. For statistical 

analysis, we analysed average contribution by punishment condition, collapsed across trials 6-15.  b) Average 

increase in contributions when giving (white bars) and after receiving punishments (grey bars) by punishment 

condition. Individual data points are superimposed on the group averages. Error bars show the 95%CIs. 
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In this model, 𝐶 is the constant and models the intercept; 𝛼 is the autoregressive 

coefficient, which models linear dependency in a time series. 𝑌𝑖𝑡 is participant 𝑖’s contribution 

on trial 𝑡. 𝑌𝑖̅ is the average of all participant 𝑖’s other contributions. Therefore, this term 

accounts for the extent to which a participant’s contribution on each trial depends on his/her 

typical game strategy (e.g., participants who tend to make high contributions, regardless of 

others in the group). 𝑋𝑗𝑡 refers to the average contribution of the other players in group 𝑗 on 

trial 𝑡, so the difference between 𝑋𝑗𝑡 and 𝑌𝑖𝑡 is the discrepancy between a player’s contribution 

and the average contribution of other group members on that trial. 𝛽 is the estimated regression 

coefficient for this term. This is modelled separately for each punishment condition. Finally, 

the term 𝑞𝑗𝑡 examines whether the group 𝑗 participants’ interaction quality between trials 𝑡 and 

𝑡 + 1, as rated by an independent sample of participants (see Experiment 2 – ‘video rating’ 

section), predicts their next contributions (𝛾 describes the degree of this prediction). As above, 

we mean centered the raw data, in order to make meaningful comparisons amongst the 

estimated terms. 

To determine the extent to which participants were sensitive to the discrepancy between 

their own investments and the average contributions of their group members, we examined the 

estimated model coefficients. These appear in Table 2.2. Interestingly, the data show that 

regardless of condition, participants were sensitive to discrepancies between their own 

contributions and the average of their fellow group members’ contributions, after accounting 

for individual investment strategies. That is, they adjusted their next contribution based on 

contribution inequity in the present trial. Interestingly, the degree to which they did so was 

greater for the social and combined punishment conditions than it was for the monetary only 

punishment condition, as indicated by the 95%CIs on the estimates. The social and combined 

conditions did not differ from one another.  
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Here, the model additionally included terms for the degree to which interaction 

positivity on a given trial predicted the next investment. A basic analysis of interaction 

positivity showed that although there was some variability across groups, F(1,27)=3.35, 

p=.078, ηp
2=.11, the differences across condition were not statistically significant, 

F(1,27)=1.04, p=.368, ηp
2=.07 (average positivity: Monetary=2.90 (SD=0.59); Social=3.19 

(SD=0.56); Combined=3.24 (SD=0.68)). Nonetheless, interaction positivity on trial 𝑡 for 

participants in the Social and Combined 

punishment conditions significantly 

predicted players’ next contributions 

(regression coefficients greater than zero) 

but for the Monetary punishment 

condition it did not. However, the 

difference across the groups was not 

statistically significant, suggesting that 

positivity in social interactions generally 

drives up contributions (see Figure 2.5).  

  Groups modelled together 

α 

(Autoregressive 

Component) 

Regression Coefficient 0.79 

95%CI: Lower Bound 0.72 

95%CI: Upper Bound 0.85 

  Monetary 

Punishment 

Social 

Punishment 

Combined 

Punishment 

β 

(Sensitivity to 

Inequality) 

Regression Coefficient 0.17 0.35 0.37 

95%CI: Lower Bound 0.08 0.24 0.26 

95%CI: Upper Bound 0.25 0.46 0.47 

γ 

(Interaction 

Positivity) 

Regression Coefficient 0.19 0.31 0.33 

95%CI: Lower Bound -0.07 0.01 0.10 

95%CI: Upper Bound 0.45 0.61 0.57 
 
Table 2.2. Experiment 2 Regression Results (social setting). Estimated unstandardised model coefficients and 

95%CIs.  

 
 

Figure 2.5. Scatter plot of interaction positivity on trial t 

and total group contribution on trial t + 1 across 

punishment condition. 
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Experiment 1 & 2 comparison 

Average investment 

To determine the effect of punishment type on average contribution and whether this 

differed depending on their social context, we compared investments across Punishment type 

(Money/Social/Both) and Interaction Condition (Anonymous/Face-to-face) in a 2-way 

between groups ANOVA. This analysis found main effects of both Interaction Condition, 

F(1,238)=11.26, p=.001, ηp
2=.05, and Punishment type, F(1,238)=6.46, p=.002, ηp

2=.05. 

Additionally, the interaction between the Interaction Condition and Punishment type was 

significant, F(2,238)=9.32, p<.001, ηp
2=.07. Bonferroni-corrected pairwise t-tests highlighted 

that this interaction was likely being driven by larger average investments when social and 

combined punishments were in effect during the face-to-face game, compared to the same 

punishment in the anonymous game (adjusted p-values <.001).  

Furthermore, average investments in the Monetary punishment condition seemed to 

show the opposite trend in that 

contributions were marginally 

larger in the Anonymous game, 

compared to those in the Face-

to-face game. However, the 

adjusted p-value exceeded the 

standard threshold for statistical 

significance (p=.053).  

Together, these results 

suggest that the efficacy of 

punishment in raising voluntary 

contributions to the public good depended both on the type of punishment available and the 

setting in which participants were interacting. Specifically, social punishments help to raise 

Figure 2.6. Average investment over interaction condition in the 

punishment game. Error bars show the 95%CI. ***p-values <.001.  
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contributions in face-to-face environments, and monetary punishments are marginally more 

effective in anonymous game environments. 

General Discussion 

As predicted, findings from Experiment 1 show that in an anonymised interaction 

context, monetary but not social punishments served to maintain contributions to the public 

good over time. However, in the socially enriched, face-to-face context (Experiment 2) the 

pattern reversed, such that the threat of publically naming the lowest contributor encouraged 

contributions more so than than monetary punishments. Indeed, in the face-to-face condition, 

social punishments significantly enhanced the “cost” of receiving a punishment. Interestingly, 

in the anonymised condition, players raised their contributions after receiving punishment by 

similar amounts regardless of punishment type, even though these enhanced contributions were 

not sustained in the social punishment condition. These findings suggest that the cost of 

punishment depended on the interaction context. Specifically, punishments in the anonymised 

condition did not have the same sting as social punishments in the face-to-face version of the 

game. Additionally, in the face-to-face context of our study, participants interacted freely 

between rounds. When participants received social punishments in this context, group 

members’ reactions were natural and unconstrained, often including friendly teasing, 

reciprocated smiles and laughter. This direct social feedback may account for the effectiveness 

of these punishments. Indeed, shared positivity (e.g., laughter, smiling) within a group’s 

interaction on trial n predicted average contribution on trial n+1. 

Broadly, results from both experiments align with literature suggesting that 

punishments are an effective moderator of cooperation, versus when the option for punishment 

is absent (for a review, see Balliet, Mulder, & Van Lange, 2011). Our work further 

demonstrates that the threat of punishment can influence contribution decisions, even in the 

absence of normative data (i.e. other players’ contribution amounts), and extend prior findings 
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by showing that the social interaction context shapes punishment effectiveness. It is worth 

explicitly noting also that our results demonstrate how contribution behaviour changes under 

the threat of varying punishment types (as a function of social interaction context), as opposed 

to tracking its absolute effect on individual contribution decisions. In contrast to previous 

research in anonymous contexts (e.g., Masclet et al., 2003; Noussair & Tucker, 2005), we find 

that the threat of recceving a social punishment is singularly effective at maintaining 

contributions in social settings, even when contribution amounts are entirely unknown to 

players. This corroborates studies in laboratory and field settings suggesting that when both 

identity and reputation are at stake, behaviour becomes more cooperative (Andreoni & Petrie, 

2004; Gächter & Fehr, 1999; Kraft-Todd et al., 2015; Milinski, Semmann, & Krambeck, 

2002b), indicating that cooperative intentions can be signaled via social mechanisms, in 

addition to economic (i.e., contribution information). 

Indeed, research suggests that social cues have the ability to alter economic decision-

making. Smiles, for example, bias the estimation of reward probability, even when clearly 

unrelated to payoff (Averbeck & Duchaine, 2009) and cause people to overestimate the value 

of monetary rewards (Shore & Heerey, 2011). Smiling may also signal trustworthiness, thereby 

inducing cooperation in partners (Centorrino et al., 2015; Scharlemann et al., 2001). This idea 

is consistent with previous research suggesting that positivity is related to increased 

cooperation in public goods games (Rand, Kraft-Todd, & Gruber, 2015), as well as emotional 

expressivity more generally (Schug et al., 2010). 

Our research therefore lends support to the idea that information present in the social 

milieu affects cooperative decision-making. We found that social punishments were costlier 

when others were able to observe punishment receipt. Evidence has suggested that the 

‘observability’ of decision-making is an important factor in promoting cooperation in 

interaction partners (Jordan, Hoffman, Nowak, et al., 2016; Kraft-Todd et al., 2015; Yoeli et 
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al., 2013). As such, it may be the case that people use social cue information (e.g., smiles, 

emotional expressivity) to convey potential “cooperative intentions” to their interaction 

partners (Balliet et al., 2011; Jordan & Rand, forthcoming), or that the added value of this 

positive experience between decisions enhances subjective valuation of the return received 

(Averbeck & Duchaine, 2009; Shore & Heerey, 2011).  

These ideas of observability closely relate to reputation and reciprocity incentives. That 

is, one’s decisions to cooperate or defect in the real-world rarely occur without consequence. 

One’s reputation, and thus the possibility of future reciprocity from social partners, is almost 

always at stake. Furthermore, reciprocity seems to explain the development of human 

cooperation (Nowak & Sigmund, 1998). That is, it may be worth paying the costs of 

cooperation now if this will ultimately be beneficial in the future. Nonetheless, this effect is 

contingent on one’s good behaviour being communicable to others (Rand & Nowak, 2013). 

Moreover, situations that engage reputation concerns can enhance intuitive decisions to 

cooperate (Kraft-Todd et al., 2015).  

Our experiment adds an important element to the standard public goods paradigm: the 

presence of naturalistic social interaction. This work therefore contributes to the body of 

literature that explores how social and affective information influence cooperative decisions. 

Specifically, we suggest that positivity may play a role here. However, more work is needed to 

explore the role of social information in cooperative decisions and how displays of specific 

social cues shape evaluations of social behaviour.  

It is worth noting that we have not intentionally matched the ‘strength’ of 

punishments across social and monetary contexts here. Rather, the aim of the research 

presented here was to establish that the effectiveness of different types of punishment (social, 

monetary) strongly depend on the social context within which they occur. An additional point 

to note is that we did not directly assess participants’ comprehension of the 
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punishment/reward mechanisms. So, we do not have any explicit insight into how well 

participants understood the consequences of including a reward/punishment, which would be 

helpful in decoding their decision-making process. In future studies, we will include a quiz 

specifically to assess understanding of punishment/reward at the end of the experiment.  

Additionally, we assessed participant comprehension of the game incentives via a 

quiz question administered on round 3 (see Appendix C). Although we thought that this 

question was sufficient in providing an indication of whether participants in the group had a 

basic understanding of the game, it may be the case that some participants’ game knowledge 

was not fully assessed. Thus, it is possible that there was variation in participant 

understanding that was not captured in the quiz results. In future research, we will assess 

comprehension with additional questions that more unambiguously indicate a subject’s 

understanding of the game. 

One final point to note is that we made some necessary alterations to the 'standard’ 

game paradigm as implemented in economics literature. Specifically, we removed the 

“normative” cues used in most experimental versions of the public goods game that allow 

targeted punishments (e.g., Masclet et al., 2003; Noussair & Tucker, 2005; Rand, Dreber, 

Ellingsen, Fundenberg, & Nowak, 2009). Punishments in our game could not be targeted to 

particular players because our participants had no idea what their group members had 

contributed. Thus, punishment in our game version may not have provided participants with a 

strategic incentive to cooperate in the same way as do other games in the literature.  

However, in spite of this change, it is interesting to note that our analysis did indeed 

find that participants were nonetheless responding to these incentives, and that their 

responses did differ depending on both the punishment type and social environment. This 

procedure provides insight into how humans may respond to the sorts of social consequences 

of free-riding (e.g., teasing, disapproval) that naturally occur in face-to-face settings. These 
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consequences disincentivise non-cooperation when recipients are known to each other and 

may serve to promote social cooperation in small groups. 

Conclusion. In anonymous interaction conditions, social sanctions do not appear to 

maintain cooperation over time in the same way that monetary sanction do. However, in 

enriched social contexts, social punishments are especially costly, even under conditions in 

which no information regarding other players’ contributions was present. We suspect that the 

immediacy of the social environment and threat to reputation present in this condition 

accounts for these results and suggest that when promoting cooperation, the best strategy is to 

match the type of sanction to the social context within which the cooperation should occur.  
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Abstract 

The role of punishments in cooperative decision-making are often studied 

alongside that of reward. Research suggests that punishments are just as effective as 

rewards, however, they can also be destructive, with group earnings being healthier when 

rewards are available instead (Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). Rewards 

are often monetary; however, a good reputation can also be rewarding. In this set of 

experiments, we compare Monetary (50% bonus to the highest contributor), Social (public 

naming of the highest contributor) and a combined type of rewards, using the same 

methodology as the previous chapter. Groups of participants played a Public Goods Game 

in either an anonymised or face-to-face environment. We found that in the anonymous 

game, the effect of rewards on cooperation did not differ by condition. Players raised their 

contributions in all conditions when distributing a reward. As the highest contributor was 

automatically rewarded, this appears to be active reward-seeking behaviour. In the face-to-

face game, Monetary rewards were more effective at maintaining cooperation than Social. 

Similarly, players only increased contributions after giving a reward in the Monetary and 

Combined conditions. Furthermore, shared group positivity predicted contributions in 

these two conditions, but not in the Social condition. Taken together, it seems that 

participants were keen to earn rewards in monetary conditions, but tended to avoid social 

rewards in face-to-face contexts. Perhaps, the explicit reputational incentives crowded out 

cooperation, or our sample of primarily British subjects were reluctant to single 

themselves out for good behaviour. 
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Introduction 

The effects of reward incentives on cooperation are often studied alongside those 

of punishment (for a meta-analytic review, see Balliet, Mulder, & Van Lange, 2011). The 

idea that cooperation deteriorates in the absence of either of these incentives is well 

supported (Fehr & Gächter, 2000a; Nowak & Sigmund, 1998b; Ostrom et al., 1992; Rand, 

Dreber, Ellingsen, Fundenberg, et al., 2009), as is the efficacy of costly punishment in 

reforming non-cooperative behaviour (Boyd & Richerson, 1992; Fehr & Rockenbach, 

2004; Gintis, 2000; Gintis, Bowles, Boyd, & Fehr, 2003). Whilst costly punishment is 

effective, it can also be destructive. If used antisocially, punishments can backfire, serving 

to reduce levels of cooperation (Herrmann, Thöni, & Gächter, 2008), smother the potential 

for reciprocity between partners (Fehr & Rockenbach, 2003) and lower payoffs for the 

whole group (Dreber et al., 2008; Egas & Riedl, 2008; Szolnoki & Perc, 2010). However, 

group earnings are often healthier when players can reward others for cooperative 

behaviour, rather than punish non-cooperative behaviours (Rand, Dreber, Ellingsen, 

Fundenberg, et al., 2009).  

This would seem to suggest that rewards are more effective at maintaining 

cooperation than punishment. Indeed, early studies support this idea (Komorita & Barth, 

1985), with recent studies finding that rewards reduce the detrimental retaliatory behaviour 

that punishment can provoke (Dreber et al., 2008; Nikiforakis, 2008).  However, it appears 

that rewards are not able to sustain long term cooperation levels in the way that 

punishments can (Sefton et al., 2007). This may be because rewards do not target or alter 

the behaviour of non-cooperative players, whereas punishments do (Andreoni et al., 2003). 

Moreover, under conditions in which rewarding is costly, it is inefficient as it requires the 

continued sacrifice of resources to reward cooperators, whereas once defection has been 

stamped out, the costly punishment of non-cooperators is no longer necessary, meaning 

that punishers no longer need to sacrifice their own resources (Szolnoki & Perc, 2010).  
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Despite these negative aspects of reward use, players are prepared to reward other 

generous players, even at a cost to themselves (Almenberg et al., 2011). Moreover, 

individuals also seem to prefer incentive systems that dispense rewards rather than 

punishments (Sutter et al., 2010), are more willing to reward cooperators than to punish 

non-cooperators (Molenmaker et al., 2014) and are also more supportive of players who 

are rewarders than punishers (Kiyonari & Barclay, 2008). When given the choice, players 

even prefer to reward others with the most generous versions of rewards available (that 

have a cost-to-benefit ratio of 1:5, rather than 1:1); and these are also more effective at 

maintaining cooperation (Vyrastekova & Van Soest, 2008). Similarly, individuals seem to 

reward honesty more intensely than they punish deception, suggesting that this positivity 

has a stronger effect on behaviour (Wang, Galinsky, & Murnighan, 2009). Thus, although 

rewards appear to have a similar effect on levels of cooperation as punishment, compared 

to when either incentive is absent (Balliet, Mulder, & Van Lange, 2011), rewards may 

have a reduced psychological effect compared to punishments, meaning that individuals 

are more likely to reward than punish (Baumeister et al., 2001). 

One important requirement for these effects is that interactions must be repeated, 

otherwise the threat of punishment or the promise of reward is effectively empty; the 

effects are short-lived and fail to foster cooperation (Walker & Halloran, 2004). Indeed, 

research also suggests that cooperation increases when dilemmas are iterated with 

consistent group members (Balliet et al., 2011), and that the opportunity for ‘targeted 

interactions’ (i.e., the ability to punish/reward specific players) is a key factor in 

cooperation as such opportunities introduce consequences for non/cooperative behaviour 

(Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). These interactions also allow each 

player to develop a reputation over game rounds, which is an important factor in 

maintaining cooperation (Fu, Hauert, Nowak, & Wang, 2008; Sigmund, Hauert, Nowak, & 
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Wachter, 2001). The acquisition of a good reputation may even be a form of reward in 

itself, as known cooperators are often the beneficiaries of cooperation from others both 

within and outside of their own social groups (Semmann et al., 2005). Indeed, evidence 

from fMRI studies also suggests that the brain may process aspects of social reward, such 

as a good reputation, similarly to monetary rewards, suggesting that there is a common 

neural currency for rewards across these domains (Izuma, Saito, & Sadato, 2008).  

Although research has suggested that gaining a reputation for being cooperative 

may be a form of reward in itself, there has been little research that formalises this idea. 

Here, we were interested in looking at the efficacy of rewards that convey reputational 

consequences (i.e., publically announcing the highest contributor on each round) and how 

this may differ from that of monetary rewards. In a similar vein to that of the previous 

chapter, we were also interested in extending these ideas to environments that allowed for 

realistic, face-to-face social interaction, compared to those where social partners were 

anonymous. Essentially, we predicted that results would mirror those from the previous 

chapter. We expected that in anonymous environments, ‘reputational’ rewards may not 

incentivise cooperation in the same way that they would in social contexts. Thus, we 

expected that in the anonymous version of the game, levels of cooperation may be lower 

when ‘social’ rewards were available compared to when economic rewards were available. 

We also predicted that results from the face-to-face version would suggest that people 

would be willing to cooperate more when they could gain a reputation for doing so, rather 

than when they can be materially rewarded for good behaviour (i.e., monetary rewards, as 

per Kraft-Todd, Yoeli, Bhanot, & Rand, 2015). 

Experiment 1 

In this experiment, we implemented a 15-round Public Goods game under 

anonymised conditions, similar to that described in Chapter 2, Experiment 1. Here 
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however, instead of offering players the opportunity to punish other players, it was 

possible to distribute and receive rewards. These rewards were not costly to administer, 

and were always awarded to the highest contributor of the round. As in the previous 

chapter, rewards and could be purely reputational (announcement of the identity of the 

highest contributor, henceforth labelled ‘Social’ rewards for simplicity), purely financial (a 

50% monetary bonus: labelled ‘Monetary’ rewards here) or a Combination of the two. As 

above, we were interested in whether the efficacy of these rewards would differ depending 

on both reward type and the environment in which they were administered (i.e. when 

interactions were anonymised). 

Method 

Participants 

One hundered twenty undergraduate participants completed a public goods game in 

exchange for partial course credit and a small monetary bonus. The sample consisted of a 

total of 128 participants (77 females; Mean age = 21.18, SD = 4.71); 10 groups of 4 players 

in the Monetary reward condition, and 11 groups each in the Social and Combined reward 

conditions. Participants provided written informed consent before participating and Bangor 

University’s Ethics Committee approved all study procedures (likewise for Experiment 2 

below). The sample size was determined in advance based on both budgetary limitations and 

the number of groups we estimated we would be able to recruit over the course of the year 

(likewise for Experiment 2). 

Procedure 

 The procedure of this experiment is the same as that described in Chapter 2, 

Experiment 1. We adapted the methodology to accommodate using rewards rather than 

punishments; all other details remain the same. Participants attended the experiment in 

groups of four for an iterated 15-round public goods game, played online via networked 

computer terminals. Participants were distributed throughout a fully operational, busy 



Chapter 3 – Rewards and cooperation in the public goods game | 66 

 

campus computer lab. Players were not aware of which other lab users were playing the 

game, nor their colour identity, but were aware they would play the same individuals 

throughout the game and that they would receive bonus money equal to their game earnings. 

The same purpose-built website coordinated the game as was used in the punishment 

version of the game. Participants received a virtual endowment of 10 pence (0.10GBP) on 

each round, and then chose their contribution amount, by clicking the appropriate radio 

button (see Figure 2.1). They retained the rest in a private “bank”. After the contribution 

phase, the database tallied the total fund, multiplied it by 1.6 and calculated each 

participant’s return (always 25% of the total fund). Returns were rounded up to the nearest 

integer. The total group investment and the individual return were displayed at the end of the 

round. Participants played five practise rounds (no reward available). After Round 3, they 

completed a quiz assessing their understanding of the game and then received a standard 

reminder about the “rational” contribution strategy (Appendix B(i). See also Appendix B(iii) 

for comprehension analysis).  

After five practise rounds, the website introduced the opportunity to reward other 

players. Players received four reward tokens to give to other players; these were not replaced 

if a player chose to distribute them all. Beginning on the contribution page for Round 6, if a 

player decided to reward another, he/she ticked a button on the screen, on the same screen as 

they had made their contribution decision. This reward was then anonymously applied to the 

player who had made the highest contribution on that round, randomly selecting amongst 

equally high contributors. A rewarded player received a black reward token icon and text 

feedback with return information (e.g., “On this round, YOU have received a reward!”). 

Only one player was rewarded on any one round.  

There were three reward conditions: monetary only; social only; and monetary and 

social rewards combined. Reward type was a randomly assigned, between-groups 
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manipulation, so all members of a group experienced only one type of reward. Importantly, 

because the computer randomly assigned reward conditions, the experimenter was blind to 

which reward condition was active within a group. 

In the monetary-only reward condition, rewarded players received a black reward 

token and text display on their feedback page, along with an increased return (e.g., “The 

GROUP return is [12] pence. YOUR return is [18] pence.”). The increased return equalled 

the an additional 50% added to the individual’s return. Importantly, only the rewarded player 

knew about the reward. Therefore, the identity of the rewarded player remained anonymous 

in this condition.  

In the social reward condition, rewarded players received the same return as the other 

group members; however, the computer revealed the colour identity of the rewarded player, 

i.e., the highest contributor, to all players (e.g., “On this round, the RED player has received 

a reward!”). The third reward condition included both social and monetary reward, meaning 

that both reward types (publication of the rewarded player’s colour along with an increased 

return) were applied. 

As with the punishment version of the game, our players did not “pay” in order to 

apply a reward. The highest contributor was rewarded, which meant that if the player who 

chose to reward was also the highest contributor, he/she was the person who received the 

reward; likewise, for Experiment 2, below. Participants played 10 rounds of the game with 

reward options available. After this, the game ended and participants were debriefed, paid 

their game earnings and dismissed. 

Data analysis 

To determine the costs participants were willing to bear to administer rewards, we 

calculated the average contribution for each player for each trial in which that player 

administered a reward and compared that value to the player’s average standard rate 
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contribution on trials in which the option to reward was available, but where the player had 

not chosen to give a reward, and had not just received one on the previous round. We also 

calculated how much players increased their contributions on the trial after receiving a 

reward (again, relative to their standard rate contribution), which provides a metric of the 

degree to which a reward is pleasant. If rewards are effective at enhancing contributions, a 

punished player’s next contribution after reward receipt should be significantly higher than 

his/her typical standard rate contribution. We used a mixed-model design to examine the 

costs of rewards (changes in contributions relative to the average standard rate contribution; 

likewise, for Experiment 2). Reward Cost (for Giving versus Receiving a reward) served as 

the within-participants variable. Reward Condition (Monetary, Social, Combined) was the 

between-participants factor. Post-hoc comparisons are Bonferroni corrected throughout the 

report. 

Results and Discussion 

Investment behaviour 

There were no differences in average individual investments across reward 

conditions during rounds 6-15, F(2, 125)=0.44, p=.644, ηp
2=.01. There were also no 

differences in contributions between reward conditions before rewards were introduced 

F(2, 125)=0.16, p=.851, ηp
2=.01. See Figure 3.1a for average player investments over trials 

1-15. Note that in this analysis, we are not making any comparisons between the pre-

reward (trials 1-5) and the reward (trials 6-15) phases. We have only analysed the pre-

reward phase to compare average investment across reward groups. This was to ensure that 

groups were behaving similarly prior to the introduction of rewards – i.e., that there had 

been no administration error or experimenter bias that systematically affected the groups 

before the reward phase began. 
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Reward descriptive statistics 

The average number of rewards distributed during trials where it was possible to 

reward another player did not appear to differ by reward condition (Mmoney = 3.28, SD = 

1.09; Msocial = 3.07, SD = 1.23; Mcombined = 3.05, SD = 1.18), which was confirmed 

statistically F(2, 125)=0.48, p=.618, ηp
2=.01. The majority of players opted to use most of 

their reward tokens, with 17.20% using 3 (of 4) tokens and 55.50% using all 4 tokens. 

Thus, nearly all trials included a reward - 95% of Monetary, 95.45% of Social, and 96.36% 

of Combined trials. Of all the trials where someone received a reward, players ended up 

rewarding themselves on 47.37% of Monetary trials, 42.86% of Social trials, and 38.68% 

of Combined trials. 

Cost of rewards 

There were no main effects of either cost, F(1, 57)=1.60, p=.212, ηp
2=.03, or reward 

condition, F(2, 57)= 2.04, p=.140, ηp
2=.07; nor was there an interaction between these 

variables, F(2, 57)= 0.19, p=.830, ηp
2=.01.  

However, when comparing the average change in contribution per player to zero, 

i.e., an individual’s standard rate contribution, it appears that in the Monetary condition, 

players put in significantly more than their standard rate after both giving and receiving 

reward (one-sample t-values ≥4.18, p-values≤.008). In the Social and Combined 

conditions, players contributed more after giving (one-sample t-values ≥3.01, p-

values≤.013), but not receiving a reward (one-sample t-values ≤1.96, p-values ≥.013), see 
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Figure 3.1b. 

 

Sensitivity to inequality model 

As in Chapter 2, Experiment 1, we were interested to learn whether participants 

become aware of inequality between group member contributions even in the absence of 

descriptive information (as evidence shows that they are sensitive to such discrepancies 

when normative information (i.e. other players’ contribution information) is present; 

Chaudhuri, 2011; Fehr & Gächter, 2000). Specifically, we used a model of the data to 

examine how the discrepancy between one’s own contribution and the average of group 

member contributions on trial 𝑡 predicted contributions on trial 𝑡 + 1, whilst accounting 

for an individual’s typical contribution strategy (autoregressive component). We call this 

sensitivity to inequality. As participants become aware of the fact that their contributions 

approach 25% of the total pool, they should use this information to infer other player’s 

likely contribution strategy, thereby adjusting their own (see page 30 for more details 

about model parameters). Table 3.1 displays results from this regression model, where we 

examine the strength of this estimated term. Results suggest that only in the Combined 

reward condition did participants become aware of the discrepancy between their 

Figure 3.1. Experiment 1 results. a) Contributions by reward condition over trials 1-15. b) Average 

increase in contributions after players gave (white) or received (grey) a reward, by reward condition. 

Individual data points are superimposed on the group averages. Error bars show the 95%CIs.  
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contributions and the average group contribution and use this information to determine 

their next contribution. The regression coefficients for the Monetary and Social conditions  

were not different from zero, suggesting that in these other conditions, they did not. 

Experiment 2 

This experiment follows a similar methodology to that of Chapter 2, Experiment 2. 

Here, we were interested in extending the methods of the previous experiment to a setting 

that involved face-to-face social interactions. Players could choose to reward the highest 

contributor on each round in one of three different ways: to incur a Monetary reward, a 

Reputational or a Combined version of both of these reward types. These reward conditions 

were the same as those available in the previous experiment, but here players could see and 

interact with others during their decision to cooperate. 

Method 

Participants 

We recruited 120 participants (76 females; Mean age = 20.93 SD = 4.48) from an 

undergraduate student research pool. Participants received partial course credit and a small 

monetary bonus based on their earnings in the game.  

Procedure 

This version of the game used the same basic procedure to that in Chapter 1, 

Experiment 2, with adaptations for the use of rewards. Here participants played a 15-round 

public goods game face-to-face, using real pennies as monetary tokens. Participants were 

  Groups modelled together 

α 

(Autoregressive 

Component) 

Regression Coefficient 0.57 

95%CI: Lower Bound 0.49 

95%CI: Upper Bound 0.64 

  Monetary 

Reward 

Social 

Reward 

Combined 

Reward 

β 

(Sensitivity to 

Inequality) 

Regression Coefficient -0.04 0.08 0.15 

95%CI: Lower Bound -0.13 -0.01 0.06 

95%CI: Upper Bound 0.05 0.18 0.24 

Table 3.1. Experiment 1 Regression Results (anonymous setting). Estimated unstandardised model coefficients 

and 95%CIs.  
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seated around a table; clearly visible to all group members. All interactions were video 

recorded, but cameras were positioned so that investment behaviour remained private. 

Players received a colour-identity that they used throughout all 15 rounds. They sat 

behind colour-coded screens to conceal their contribution behaviour from the rest of the 

group. On each round, participants chose the amount that they wished to contribute to the 

group resource from their endowment of 10 pennies. They made their contributions by 

placing pennies into opaque, color-coded boxes, passing these to the experimenter, who then 

passed them to a second experimenter playing the role of the “banker” in an adjacent room. 

This procedure ensured that players’ contribution amounts and strategies were hidden from 

the experimenter who interacted with them and that the banker was blind to player identity. 

The banker calculated the total fund and computed the group’s return (rounding up to 

the nearest whole penny, if necessary), placing return amounts into the players’ contribution 

boxes, and then returned these to the experimenter. The experimenter announced the total 

contribution and individual return on the round (e.g., “The total was 15 pence and your 

return is 6 pence.”). Players deposited their return and any endowment remainder into their 

individual banks and a new round then began. Players were unaware of the number of 

rounds they would complete.  

Participants could interact freely whilst the banker counted contributions. As above, 

however, explicit negotiation about game strategy/contributions was forbidden. Measures of 

interaction mood and quality were rated from videos of these interactions. 

As in Experiment 1, participants completed five rounds of the game without reward 

options, completing the quiz at the end of Round 3, and then receiving a standard reminder 

about game strategy. After the five practise rounds, the experimenter introduced the 

opportunity to reward other players. Each player received four coloured-coded plastic 

reward tokens. If a player decided to reward another, he/she placed one token into the 
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contribution box, along with his/her own contribution. Upon receiving a contribution box 

containing a reward token, the banker applied reward to the player who had made the highest 

contribution on that round. Players were aware that the reward would be applied to the 

highest contributor on this current round. To indicate that they had been the highest 

contributors, rewarded players received a gold reward token with their returns. 

The same three reward conditions as in Experiment 1 were active here. Importantly, 

the experimenter was blind to which reward condition would be active in the game until 

Round 5 when players received verbal instructions about the rewards. In the monetary 

reward condition, rewarded players received the gold reward token in their contribution box 

along with an increased return (as in Experiment 1). Because reward tokens were returned 

privately, the identity of the rewarded player remained anonymous. 

In the social reward condition, rewarded players received the same return as the other 

group members; however, the experimenter placed the gold reward token into a pocket at the 

top of the rewarded player’s screen. This meant that it was in full view of other players. The 

experimenter also named the colour of the player who received the reward (e.g., “The blue 

player receives a reward.”). Thus, the identity of the rewarded player was evident to all 

players. The third reward condition included both social and monetary reward, meaning that 

both reward types were applied. Participants played 10 reward rounds, after which they were 

paid, debriefed and dismissed as above.  

Video ratings 

To obtain an estimate of the shared positive affect exchanged between each round, 

we asked an independent sample of participants (N = 174) to view and rate videos of the 

groups’ interactions as they waited for round feedback. Each (randomly assigned) video was 

rated 5 or 6 times.  
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As in Chapter 1, participants rated videos on a 5-point Likert scale on several 

characteristics such as smooth/coordinated the interaction seemed, how engaged the players 

appeared, how excited they seemed, how much shared laughter/smiling there was, how much 

they group talked, and the level of tension in the group (reverse scored) as well as the overall 

mood of the group (see Appendix D for the full questionnaire). As with Chapter 1, 

Experiment 2, we computed an average “group positivity” score by averaging the ratings for 

each video. 

Results and Discussion 

Investment behaviour 

When looking at investments during rounds 6-15 (i.e. when rewards were 

available), we found significant differences between reward groups, F(2, 117)=8.13, 

p<.001, ηp
2=.12. Investments in the social reward condition were significantly lower than 

those in the monetary reward condition (p=.001) and also lower than those in the 

combined condition (p=.008). There was no difference between the monetary and 

combined reward conditions (p=1); see Figure 3.2a for average player investments by trial. 

There were no differences in contribution levels across reward conditions before rewards 

were available F(2, 117)=0.70, p=.499, ηp
2=.01.  

Reward descriptive stats 

The average number of rewards distributed per player appeared to be similar across 

reward condition (Mmoney = 3.10, SD = 1.15; Msocial = 2.98, SD = 1.03; Mcombined = 3.15, SD 

= 1.10) and did not differ statistically, F(2, 117)=0.27, p=.762, ηp
2=.01. When rewards 

became available, players opted to use the majority of them, with 33.3% of players using 3 

tokens, and 44.2% using all 4 tokens. As with the previous experiment, nearly all trials 

included a reward (97% of Monetary, 95% Social, 95% Combined trials). Players both 

included and received a reward (i.e. a self-reward) on 50.52% of Monetary trials, 38.95% 



Chapter 3 – Rewards and cooperation in the public goods game | 75 

 

of Social, and 60% Combined of trials. These statistics would indicate that players sought 

rewards less in the Social reward condition. 

Cost of rewards 

When analysing the cost of rewards (to Give and Receive) by reward condition 

(Money, Social, Combined), we found that there was a main effect of Cost type F(1, 71)= 

65.88, p<.001, ηp
2=.48. It appears that regardless of reward condition, players contributed 

more than their standard rate when giving compared to receiving a reward, suggesting 

active reward seeking behaviour. There was also a significant main effect of reward 

condition, F(2, 71)= 14.22, p<.001, ηp
2=.29, with post-hoc tests suggesting that there was a 

significant decrease in contributions in the social relative to the monetary and combined 

reward conditions, (p-values<.001). This analysis also showed an interaction between 

reward cost and reward condition F(2, 71)= 3.36, p=.040, ηp
2=.09, which appears to be 

driven by the difference in contributions between giving and after receiving a reward 

across the conditions, see Figure 3.2b.  

In conditions where monetary rewards were available (Monetary and Combined 

conditions), on average, players contributed significantly more when giving a reward (one-

Figure 3.2. Experiment 2 results. a) Contributions by reward condition over trials 1-15. b) Average 

increase in contributions after players gave (white) or received (grey) a reward, by reward condition. 

Individual data points are superimposed on the group averages. Error bars show the 95%CIs.  



Chapter 3 – Rewards and cooperation in the public goods game | 76 

 

sample t-values>5.32, p-values <.001), suggesting payoff driven reward seeking 

behaviour. Players did not contribute more after receiving a reward in these conditions 

(one-sample t-values≤1.80, p-values ≥.106). Players did not contribute more in the Social 

condition when giving (t(9)=1.06, p=.315) or receiving a reward (t(9)=-1.87, p=.094), 

suggesting that rewards had little effect on economic behaviour in this condition. 

Sensitivity to inequality, and positivity model 

As in Experiment 1 we used a regression model to examine sensitivity to 

inequality. Here we also added an extra term to the model that examines whether group 

interaction quality between trials 𝑡 and 𝑡 + 1, as rated by an independent sample of 

participants (see ‘video rating’ section above), predicts subsequent contributions (see 

Chapter 1, Experiment 2 for more details about model parameters). Table 3.2 displays 

results from this model. 

In terms of sensitivity to inequality, results from this model suggest that, regardless 

of reward condition, players adjusted their next contribution based on inequity in the 

present trial (after accounting for individual investment strategies). Interestingly, although 

levels of positivity did not differ between reward condition, F(2, 29)=0.49, p=.617, 

ηp
2=.03; positivity on a given trial did predict investment on the next in the Monetary and 

  Groups modelled together 

α 

(Autoregressive 

Component) 

Regression Coefficient 0.67 

95%CI: Lower Bound 0.59 

95%CI: Upper Bound 0.75 

  Monetary 

Punishment 

Social 

Punishment 

Combined 

Punishment 

β 

(Sensitivity to 

Inequality) 

Regression Coefficient 0.21 0.21 0.35 

95%CI: Lower Bound 0.12 0.10 0.26 

95%CI: Upper Bound 0.31 0.31 0.44 

γ 

(Interaction 

Positivity) 

Regression Coefficient 0.42 -0.04 0.62 

95%CI: Lower Bound 0.15 -0.34 0.24 

95%CI: Upper Bound 0.68 0.26 0.99 

Table 3.2. Experiment 2 Regression Results (face-to-face setting). Estimated unstandardized model coefficients 

and 95%CIs.  



Chapter 3 – Rewards and cooperation in the public goods game | 77 

 

Combined reward conditions 

(regression coefficients greater than 

zero). However, this was not the case 

for the social reward condition, 

suggesting that regardless of 

interaction positivity, players were 

reluctant to increase their 

contributions on the next round even 

when experiencing positive 

interactions (see Figure 3.3). Thus, in 

this experiment it appears likely that 

without the financial incentive of 

receiving a reward, participants were generally unwilling to contribute extra money to gain 

a reputation as a generous player. 

Figure 3.3. Scatter plot of interaction positivity on trial t 

and total group contribution on trial t + 1 across 

punishment condition. 
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Experiment 1 & 2 comparison 

Average investment 

To assess the effect of reward type and the social context in which it was 

administered on contribution levels, we conducted a 2-way between groups ANOVA8. The 

Interaction Condition (Face-to-face, Anonymous) by Reward type (Money, Social, Both) 

interaction term was significant - F(2,242)=5.57, p=.004, ηp
2=.04. Follow up pairwise t-

tests further demonstrated that average participant investment was larger in the Face-to-

face setting with Monetary/Combined versions of Reward (adjusted p-values<.001). 

However, in the Social reward condition, average contributions were larger in the 

Anonymous version of the 

game, compared to the face-

to-face game (Bonferroni 

adjusted p<.001). Results 

from this analysis suggest that 

Social rewards were 

successful in increasing 

contributions, but only if they 

were not adminstered in a 

Face-to-face interaction 

context. 

General discussion 

In these experiments, we were interested in comparing the effects of different types 

of rewards on contribution behaviour. Social rewards aimed to engage reputational 

 

8 This analysis is essentially a follow up to a 3-way ANOVA documented in Appendix E, which also 

included experiment type (reward/punishment) as an additional term in the model. 

Figure 3.4. Average investment over interaction condition in the 

reward game. ***p-values <.001. Error bars show 95%CI 
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mechanisms, whereas Monetary rewards were to engage players’ economic interests. We 

allowed players to interact in two interaction settings; either face-to-face or anonymous. 

Results from our anonymous Public Goods Game showed that reward type does not 

differentially affect investment behaviour; player contributions do not differ by reward 

condition. Here, players also seemed to raise their voluntary contributions to the public good 

after choosing to distribute a reward in all conditions, suggesting that they were willing to 

pay a cost to reward the highest contributor (which could have been themselves). However, 

players did not tend to contribute more after receiving a reward, suggesting that the receipt 

of a reward did not incentivise future contributions (except in the Monetary reward 

condition). 

During the face-to-face version of the game, average contributions to the public good 

were significantly higher in the Monetary and Combined conditions, compared to Social. 

Players in these two conditions also contributed more when choosing to distribute a reward, 

suggesting reward seeking behaviour. In these two conditions, group positivity in social 

interactions predicted contribution behaviour, suggesting that these social interactions did 

indeed play a role in cooperative decision-making. Interestingly, we also found that in the 

Social reward condition, players experienced the same amount of positivity as in other 

conditions, but this failed to predict contribution behaviour, suggesting that even though 

players were getting on well with their interaction partners, they were still reluctant to 

increase their contributions. Similarly, it seemed that players in this condition did not 

contribute significantly more after giving or receiving a reward.  

We predicted that results in this experiment would essentially replicate those of the 

previous chapter. We expected that in the anonymous game, rewards that engaged 

reputational incentives would not be especially effective, because of the limited opportunity 

to build a meaningful reputation as a cooperator here. We thus expected that participants 
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may be more economically driven in this environment and opt to contribute more when there 

was a financial incentive for doing so. In an environment where social partners can see and 

interact with each other, however, we expected that Social rewards would encourage higher 

contributions than in the monetary condition, due to enhanced reputational incentives, as per 

Kraft-Todd et al., (2015). Contrary to our hypothesis, we found that in the anonymous 

setting, cooperation levels looked similar across all reward conditions and that participants 

actively pursued rewards, suggesting that all reward types were equally effective in 

maintaining cooperation over time. In the face-to-face setting, we found the opposite effect 

to our prediction; monetary incentives were much more influential on contribution behaviour 

than social, and participants were only willing to pay to distribute monetary rewards.  

These results seem to suggest that players tended to want to avoid receiving Social 

rewards in the face-to-face setting. One explanation for this result may have been that our 

British participants were reluctant to appear to actively seek these reputational rewards to 

avoid being singled out in front of other group members. Another explanation might be that 

the idea of gaining a reputational reward in this environment is ‘crowding out’ cooperation. 

For example, obvious monetary incentives negatively interact with reputational concerns to 

crowd out cooperation in public contexts as they may actually signal selflessness for selfish 

reasons (Ariely et al., 2009). This may also be the case when reputational incentives are 

overly explicit, as they obscure the validity of the signal that they are sending (Bénabou & 

Tirole, 2006). So, although engaging reputation mechanisms are important for the existence 

and maintenance of cooperation (Sigmund et al., 2001), it is also important that reputational 

incentives are not so overt that they clearly signal a selfish motivation for cooperation 

(Kraft-Todd et al., 2015). 

Previous research about rewarding behaviour has suggested that players are willing 

to pay a cost to reward cooperative players (Almenberg et al., 2011). Both experiments 
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presented here do also seem to suggest that participants are generally willing to pay to 

distribute monetary rewards, especially when they know that increases in contributions 

enhance the chances that they will receive the reward themselves, thereby earning back their 

additional contributions. However, it is important to note here that rewards were 

automatically distributed to the highest contributor, so although participants raised their 

contributions when choosing to distribute a reward, it is likely there was a self-regarding, 

and economic motive (in the Monetary reward conditions), behind this rewarding behaviour.  

To our knowledge, this is the first reward study in which participants were able to 

interact freely, in a face-to-face context, during cooperative decision-making. Some previous 

punishment studies feature some aspects of social interaction, but these were often overly 

structured interactions (e.g., Gächter & Fehr, 1999) or restricted to occur before a 

cooperation game (Gaertig et al., 2012), rather than occuring concurrently. Furthermore, 

much of this research also specifically examines the communication of intentions for 

cooperation (e.g., Arechar et al., 2017; Balliet, 2009; Isaac & Walker, 1988), these 

interactions being qualitatively different than exchanges that do not involve explicit 

bargaining (Putnam & Jones, 1982). One novel aspect of our research is that interactions in 

the face-to-face context were entirely unprompted; players could interact as much, or as 

little, as they wanted. There was also the opportunity for these interactions to occur 

throughout the whole experiment, which had the advantage that we could independently rate 

these social interactions on a round-by-round basis and model their effect on cooperation. 

Here we looked at the role of positivity especially, however, it may be interesting for future 

research to look at how negative affect influences cooperation. 

One limitation of our research was that there was no interaction possible between 

players in the anonymous game, therefore we do not have a comparison measure of 

interaction quality in this setting. Future research could look at how the quality of web-based 
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interactions may or may not influence cooperation, especially as these kinds of interactions 

are becoming more common-place in an interconnected world.  

Of additional note is that when running a post hoc power analysis, based on the 

relatively small achieved effect sizes of the 2-way analysis of average investment, the 

suggested sample size came out to 606 independent groups (101 per condition or 2424 

individual participants). Our total N for this experiment was in fact 248 (approximately 10 

groups of 4 players in each condition, as above). A sample of 606 participants was simply 

not feasible in the context of this design, given the relatively small participant pool available 

to us, the extensive costs in terms of testing time, and a lack of external funding for this PhD 

project. However, we had no way of knowing, a priori, that we would see such small effects 

in this context – instead we estimated an anticipated effect that was similar in size to the 

punishment effect and nowhere near as small as that we actually obtained. We therefore 

conclude that although our sample was insufficient to detect an effect in this context, we 

would simply have been unable to collect the type of sample size required to detect these 

small effects. 

Conclusion 

The research presented here looked at the role of reward in cooperative decision-

making. Broadly, we found that regardless of interaction setting, in conditions where 

monetary rewards were available, players were willing to pay a cost in order to distribute 

rewards, perhaps in order to earn back this monetary bonus. We also found that in contexts 

where players can interact face-to-face with other group members, social/reputational 

rewards do not sustain cooperation as well as monetary rewards do. Players in the Social 

reward condition experienced a similar amount of group positivity in their interactions, 

however, this positivity did not predict contributions in this setting in the way that it did in 

the Monetary and Combined conditions. Based on these findings, we support the use of 



Chapter 3 – Rewards and cooperation in the public goods game | 83 

 

monetary rewards for cooperative behaviour, regardless of interaction setting, but we advise 

against the use of social rewards in face-to-face environments as they appear to crowd out 

cooperation, and may even be aversive.  
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Abstract 

The human brain can learn contingencies built into stimulus sequences unconsciously. 

The quality of such implicit learning has been connected to stimulus social relevance, but 

results so far are inconsistent. Here, we engaged participants in an implicit-intentional 

learning task in which they learned to discriminate between legal and illegal card triads on 

the sole basis of feedback provided within a staircase procedure. Half of the participants 

received feedback from pictures of faces with a happy or sad expression (social group) and 

the other half based on traffic light icons (symbolic group). We hypothesised that feedback 

from faces would have a greater impact on learning than that from traffic lights. Although 

performance during learning did not differ between groups, the feedback error-related 

negativity (fERN) was delayed by ~20 ms for social relative to symbolic feedback; and the 

P3b modulation elicited by infrequent legal card triads within a stream of illegal ones during 

the test phase was significantly larger in the symbolic than the social feedback group. 

Furthermore, the P3b mean amplitude recorded at test negatively correlated with the latency 

of the fERN recorded during learning. These results counterintuitively suggest that, relative 

to symbolic feedback, socially salient feedback interferes with implicit learning. 
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Introduction 

Humans can learn contingencies about their environment without conscious 

awareness. Such phenomenon is classically observed in the case of statistical learning, when 

dependencies between linguistic stimuli, for instance, are extracted by the brain without the 

participants’ intention to acquire them (Saffran, Aslin, & Newport, 1996). Such form of 

spontaneous and unconscious learning is observed across a variety of perceptual domains. In 

the auditory domain, for example, studies have shown that infants implicitly use language 

patterns to rapidly segment words from speech streams (Aslin, Saffran, & Newport, 1998; 

Saffran, 2003), and this phenomenon extends even beyond linguistic stimuli (Saffran, 

Johnson, Aslin, & Newport, 1999). Statistical learning occurs spontaneously (Fiser & Aslin, 

2001), rapidly (Turk-Browne, Scholl, Chun, & Johnson, 2009), and without the need for 

explicit instruction (Fiser & Aslin, 2002). This has led to the proposal that statistical learning 

results in the formation of implicit knowledge (Fiser & Aslin, 2002; Perruchet & Pacton, 

2006; Reber, 1967; Turk-Browne, Jungé, & Scholl, 2005). 

Implicit learning refers to the process of learning the underlying rule of a system (e.g., 

an artificial grammar) solely based on exposure to stimulus contingencies and probabilities 

(Reber, 1967). Just like statistical learning, implicit learning is thought to be unconscious, 

meaning that participants are unable to verbalise a rule that they have acquired (Reber, 1989), 

and are not aware that they have learnt something (Cleeremans, Destrebecqz, & Boyer, 1998; 

Dienes, Altmann, Kwan, & Goode, 1995; Seger, 1994). For example, evidence from the 

serial reaction time task suggests that people identify previously viewed light sequences more 

quickly than novel sequences (Chun & Jiang, 1998; Willingham, Nissen, & Bullemer, 1989).  

One limitation of much work within this literature is that the nature and quality of 

learning is measured by participant performance or metacognitive evaluations after learning. 

In the problem-solving domain, for example, implicit memory of a puzzle improves problem 

solving on a subsequent task, even when participants are given a concurrent task to exert 
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strain onto the working memory system (Reber, 1989; Reber & Kotovsky, 1997). The results 

of such studies appear to be contingent upon the type of task used to determine whether 

learning was implicit (Shanks & Channon, 2002; Wilkinson & Shanks, 2004). Thus, the 

extent to which the process is truly unconscious remains debatable. Still, when participants 

perform above chance after training, although they believe that they are merely guessing the 

answers, one may presume that the learning was mostly unconscious and that their 

knowledge is implicit (Dienes et al., 1995). Shanks and St John (1994) have questioned how 

much post-learning tests (e.g., asking participants to verbalise a rule that they have acquired) 

tell us about the nature of the learning process. More specifically, they enquired whether tests 

of performance and awareness are sensitive enough to measure the acquired knowledge that 

has become conscious and whether knowledge awareness can really be assessed before the 

nature of the knowledge itself has been determined. It seems that classic implicit learning 

tasks lack precision regarding the nature of what participants learn when the conclusions are 

solely drawn from performance indices, e.g., reaction time (Eimer et al., 1996) or post-

learning verbalisations (Shanks & St John, 1994).  

One way to obtain unbiased evidence of implicit learning is to measure spontaneous 

brain activity modulations elicited by learned contingencies. Event-related potentials (ERPs), 

a method derived from electroencephalography, are averaged recordings of brain activity 

measured at the surface of the scalp elicited by series of repeated stimuli. ERPs can be 

recorded independently of performance indices and index unconscious information 

processing in the absence of any behaviourally measurable effect (Thierry & Wu, 2007; Wu 

& Thierry, 2010). Baldwin and Kutas (1997), for instance, showed that participants engaged 

in an artificial grammar learning task (without any explicit instruction regarding underlying 

rules) produced P300 ERP responses of larger amplitude for correct grammatical forms than 

incorrect ones. This result shows that participants developed expectancies about the 
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sequences they viewed and were able to detect rule violations, even though they seemed 

unable to consciously access this information at debriefing (see also, van Zuijen, Simoens, 

Paavilainen, Näätänen, & Tervaniemi, 2006), Similar effects have also even been shown in 

cases where rule learning was not embedded within the experiment but rather occurred from 

natural exposure to language. For example, Vaughan-Evans et al., (2016) recently showed 

that the brains of individuals with no recorded or overt knowledge of an ancient form of 

Welsh poetry (Cynghanedd) successfully identified correct forms from sentences violating 

composition rules, despite being unable to detect the correct forms in overt judgement tasks. 

Presumably, these participants learned the rules of Cynghanedd implicitly, through natural 

language exposure and required no conscious knowledge.  

One important dimension of the human learning environment that seems to have been 

neglected so far in the implicit learning literature is the social quality of the information 

people learn, even though it is reasonable to assume that feedback during learning would vary 

in efficiency depending on its social significance. Information from and about other humans 

is abundant in the environment, and even the mere presence of others has long been 

suggested to facilitate performance on simple tasks (Bond & Titus, 1983; Zajonc, 1965; 

Zajonc, Heingartner, & Herman, 1969). More recent research has also suggested that reliable 

social cues allow others to implicitly predict their behaviour, e.g., in a game of rock-paper-

scissors (Heerey & Velani, 2010). Social cues such as smiles and frowns can also aid 

performance during associative learning as compared to non-social ‘traffic light’ feedback) 

(i.e., 'symbolic' feedback; Hurlemann et al., 2010). These findings suggest that socially 

relevant information is processed by the same associative system that underlies other types of 

reward-based learning (Behrens, Hunt, Woolrich, & Rushworth, 2008). However, during 

cognitively demanding tasks, participants avert gazing at faces, and the frequency of this 

avoidance relates to task difficulty (Doherty-Sneddon, Bruce, Bonner, Longbotham, & 
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Doyle, 2002; Glenberg, Schroeder, & Robertson, 1998). Thus, social information appears to 

add a cognitive load during difficult tasks and participants spontaneously resort to gaze 

averting in order to reduce this load (Doherty-Sneddon & Phelps, 2005). 

Nevertheless, there is a distinction between learning that occurs within a social 

context (Glenberg et al., 1998; Heerey & Velani, 2010) and learning that results in a socially 

charged outcome, e.g., when socially relevant information conveys feedback about 

performance (Turnbull, Bowman, Shanker, & Davies, 2014). In the latter case, there is some 

indication of a facilitatory effect on performance in associative tasks (Hurlemann et al., 

2010), however, it is unknown how performance is affected in tasks that require implicit 

contingency learning.  

Here, we presented participants with triads of cards featuring coloured shapes, 

varying in 4 possible ways (shape type, colour, number of shapes, and filling) and asked them 

to indicate which triads were ‘legal’ combinations and which were ‘illegal’, according to a 

rule that was never described. Participants were thus engaged in an implicit-intentional 

learning task, in which they were instructed to proceed on a trial-and-error basis. We labelled 

this context as intentional because participants were aware of the need to extract some kind of 

rule, even though they did not know what this rule was. This task context notably differs from 

the incidental context that usually applies in classical implicit learning. They received 

feedback on every trial, completing the learning phase only when they had met a pre-

determined learning criterion applied via a staircase procedure (described in the Procedure 

section). Participants received feedback with either faces or a traffic light display. Given their 

high social-relevance and the fact they have been shown to increase performance in 

associative tasks (Hurlemann et al., 2010; see also Mihov et al., 2010), we hypothesised that 

faces as feedback would boost performance during learning and result in higher accuracy in a 

subsequent test phase. Crucially, in order to collect an objective and spontaneous marker of 
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learning, we recorded ERPs throughout the two phases of the experiment and monitored: (a) 

the participants’ physiological reaction to feedback (indexed by the feedback error-related 

negativity, fERN) during the learning phase, and (b) their spontaneous response to infrequent 

legal card combinations, presented amongst frequent illegal ones (as indexed by the P3b 

modulation elicited by infrequent stimuli in an oddball paradigm) during the test phase. 

Consistent with our hypothesis, we expected that face stimuli would elicit greater fERN 

amplitudes during learning, and thus lead to greater mean P3b amplitudes at test. 

Method 

Participants  

Fifty-five Bangor University students (27 females; Mage = 21.6, SD = 3.7), were 

recruited to participate via the University’s participant panel, and received course credit as 

compensation. Of these participants, 27 (15 females; Mage = 22.4, SD = 4.8) received social 

feedback, and 28 (12 females; Mage = 20.9, SD = 1.9) received symbolic feedback during the 

learning phase of the experiment. Experimenters were blind to feedback condition when 

instructing participants in the learning phase. All participants provided written informed 

consent to take part in the study which was approved by the Ethics Committee of the School 

of Psychology at Bangor University. We excluded four individual datasets from all analyses 

because of excessive time spent on, or failure to complete, the learning phase (see criterion in 

Procedure below). We further excluded 4 datasets out of the remaining 51 from analysis for 

the learning phase and a different 4 out of 51 for the test phase; datasets were included on the 

basis of a sufficient number of trials to analyse being present. Thus, the final samples for 

statistical analysis in the learning phase was 47 (24 social, 13 females; 23 symbolic, 11 

females) and 47 (23 social, 14 females; 24 symbolic, 11 females) for the test phase.  
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Stimuli 

Eighty-one cards each featuring a unique combination of 1–3 shape(s) (circle, square, 

triangle), in one of three colours (red, green, blue), with one of three fillings (empty, hashed, 

full) were used to create card triads that either complied or not with the following rule: A 

legal combination is a triad of cards in which all cards are the same or different, considering 

each of the stimulus dimensions separately (shape, number, colour, filling). Any combination 

of cards featuring a partial repetition of any stimulus dimension was thus illegal (see Figure 

1). Card triads were further split into 4 difficulty levels based on the perceived difficulty in 

assessing legality, e.g., a combination of cards failing the all same / all different criterion for 

all four dimensions was considered relatively easy to spot as illegal (cf. illegal difficulty level 

1 in Figure 4.1). 

The number of possible card combinations differed between difficulty levels (e.g., 

illegal level 1: 1 combination, illegal level 4: 32 possible combinations). In the learning 

phase, the weighting of each combination was adjusted to ensure that each level had equal 

probability of being presented throughout the staircase procedure in order to allow 

participants to learn about combinations from all of the levels. During the test phase, 

Figure 4.1. Examples of legal and illegal card triads split by levels of difficulty. Note that full repetition triads (same 

shape, S, number, N, colour, C, and filling, F) were not used in the experiment because they were too simple to 

identify. The code under each triad indicates the particular properties that comply with the rule: black slim letters 

code for a dimension repeated across all three cards, black bold letters code for dimensions different across all three 

cards, and grey letters indicate dimensions for which the all same / all different rule is violated. 

illegal

1 2 3 4

Difficulty level

legal

SNCF SNCF SNCF SNCF

SNCF SNCF SNCF SNCF
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however, we elected to present difficulty levels at their ‘natural’ frequency, and legal and 

illegal conditions were presented with a ratio of 1:3 to comply with the oddball design. 

Card triads were presented under 4 degrees of visual angle in the learning phase and 

under less than 2 degrees of visual angle in the test phase, that is, in participants’ foveal 

visual field so as to avoid eye saccades and consequent artefacts. Note that no ERPs were 

analysed in response to card triads in the learning phase. 

Feedback: Twelve pictures of faces (6 female, 6 male) each presented with a happy, 

neutral or sad expression were collated from The Karolinska Directed Emotional Faces 

database (KDEF: Lundqvist, Flykt, & Öhman, 1998; Goeleven, De Raedt, Leyman, & 

Verschuere, 2008) and edited to fit within 2 degrees of visual angle. Six simple shapes (circle, 

square, triangle, hexagon, diamond, trapezoid) were drawn to fit the same surface as that 

covered by faces and coloured in green, orange or red in two different levels of luminance as 

a counterpart to the two genders for faces (6 dark, 6 light).  

Procedure  

Learning phase. Participants first completed an implicit-intentional learning task. On 

each trial, a card triad randomly selected from a database of card combinations was presented 

in the middle of a 19” CRT monitor with a refresh rate of 74 Hz. Legal and illegal 

combinations had equal probability of presentation as did levels of difficulty. Participants had 

to indicate whether the current combination was ‘legal’ or ‘illegal’ by pressing designated 

buttons on an SR response box (E-Prime 2.0 software; Psychology Software Tools, 

Pittsburgh, PA). Participants started on a random response basis. In the symbolic group, 

feedback was provided by means of shapes filled in one of two colours (green, correct; red, 

incorrect). Thus, the symbolic feedback stimuli shared some perceptual similarity with the 

card stimuli (i.e., some shapes and some colours) but the colour scheme of the symbolic 

feedback was semantically transparent (green for correct and red for incorrect) and binary, 
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thus entirely unambiguous whereas the shapes and colours presented on cards had no intrinsic 

meaning and were completely arbitrary. In the social group, participants received feedback 

from pictures of faces with one of two different emotional expressions (smile, correct; sad, 

incorrect). 

Before the feedback stimulus, a neutral stimulus (orange shape in the symbolic group 

and neutral face in the social group) was displayed with a pseudorandom variable duration 

(750-950 ms in steps of 40 ms). The neutral stimulus served to focus the participant’s 

attention in the centre of the screen (thus avoiding eye movements), and desynchronised the 

fERN response elicited by the subsequent valenced feedback stimulus from the ERP elicited 

by the card triad.  

Participants progressed through a staircase procedure such that they had to make five 

correct cumulative judgements for each level of difficulty in each legal and illegal condition 

before triads from that level and condition were dismissed from training (see Figure 4.2). Any 

error reset the count of correct trials to zero for the current level of difficulty and condition. 

Response side was counterbalanced across participants.  

Time

Blank Screen

(200 ms)

Card triad

(until response)

Neutral cue

(750–950 ms)

Feedback

(750 ms)

Figure 4.2. Structure of a trial on the staircase learning procedure. After presentation of the card triad, 

participants received one of two types of feedback: symbolic (left) or social (right), preceded by a neutral 

stimulus in all cases.  
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Testing phase. After completing the learning phase, participants were asked in a 

second phase to indicate whether each card triad presented was legal or illegal without 

feedback. Each triad was presented for a maximum duration of 1500 ms and response 

initiated the next triad presentation after an inter-stimulus interval of 450-550 ms (in steps of 

25 ms) during which a fixation cross then appeared in the centre of the screen. The random 

inter-stimulus interval was introduced so as to reduce cross-trial ERP contamination (See 

Figure 4.3). There were three blocks of 200 trials and participants were given the chance to 

rest between each block. Legal trials were presented with an average frequency of 25% 

(range 23–26%) and thus were expected to act as deviants amongst frequent illegal triads, 

thus conforming to the structure of a classic oddball paradigm prone to eliciting P3b ERP 

effects. 

EEG recording and analysis 

EEG data were recorded continuously at a sampling rate of 1 kHz in reference to CZ 

using 64 Ag/AgCl electrodes attached to an elastic cap (EasycapTM, Herrsching, Germany) 

and arranged according to the extended 10-20 convention. EEG signals were amplified using 

Time

Illegal card

combination

(1500 ms)

Varying ISI

IllegalLegal

Legal card

combination

(1500 ms)

Figure 4.3. Trial structure of the test phase. Participants were required to respond on every trial using the 

SR box provided. Response side counterbalanced across participants. 
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SynAmps2TM (NeuroscanTM Inc., El Paso, Texas, USA). The ground electrode was placed at 

FPz. Four additional electrodes were placed to the right of the right eye and to the left of the 

left eye (HEOG) and above and below the right eye (VEOG) so as to monitor horizontal and 

vertical eye movements. Impedances were kept below 5 kΩ. Recordings were filtered on-line 

between 0.01 and 200 Hz (slope 24 db/Oct.).  

The EEG data were filtered offline using a zero phase shift bandpass digital filter 

between 0.1Hz [24 db/Oct]–25 Hz [48 db/Oct] using Scan 4.5 (NeuroscanTM Inc., El Paso, 

Texas, USA). Major artefacts were manually rejected and eye blinks were mathematically 

corrected according to the procedure described in Gratton, Coles, and Donchin (1983). 

Continuous EEG activity was then segmented into epochs ranging from -100 to 1000 ms after 

stimulus onset for the learning phase and -200 to 1000 ms for the testing phase. A shorter 

baseline window was selected in the learning phase to minimise baseline contamination by 

the preceding neutral stimulus cue. Baseline correction was performed in reference to pre-

stimulus activity, and individual averages were digitally re-referenced to the global average 

reference.  

In the learning phase, the average number of feedback trials included in the symbolic 

condition was 43.48 (SEM = 4.64) and 45 (SEM = 8.20) in the social condition. As for the 

test phase, only accurate trials were kept for the analysis, leading to an average of 381.54 

(SEM = 12.97) trials in the symbolic condition and 346.48 (SEM = 14.89) trials in the social 

condition. 

The ERP modulation of interest in the learning phase was the feedback error-related 

negativity (fERN), which is typically maximal over frontocentral electrodes and typically 

peaks between 200-320 ms (Ma, Meng, & Shen, 2015; Miltner, Braun, & Coles, 1997; 

Scheffers & Coles, 2000). We thus analysed fERN mean amplitude at FC1, FCz, FC2, C1, 

Cz, and C2 between 200–320 ms, the predicted time-windows based on previous studies. 
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fERN peak latency was fixed in each condition and each participant, and measured at the 

electrode of minimum amplitude FCz where the fERN was most negative (See Picton et al., 

2000). As for the test phase, rare legal stimuli were expected to elicit larger P3b amplitudes 

than frequent illegal stimuli. P3b mean amplitudes were analysed over the predicted 

centroparietal region (C1, CZ, C2, CP1, CPZ, CP2, P1, PZ, P2) between 480-580 ms where it 

is classically analysed in tasks requiring elaborate cognitive processing (Kok, 2001; Polich, 

2007). 

Statistical analyses 

Behavioural and ERP results were analysed using mixed design ANOVAs with 

legality (illegal, legal) as repeated-measures factors and feedback condition (social, symbolic) 

as a between groups factor. Greenhouse-Geisser corrections were applied when necessary, 

and df and p values reported are adjusted. 

Results 

Learning phase  

Performance. Because speedy responses were not encouraged, we did not analyse 

reaction times in the learning phase. Analysis of accuracy showed a main effect of legality, 

F(1,49)=15.93, p<.001, ηp
2=.25, but no main effect of feedback condition or interaction (p-

values ≥ .819). Participants responded to legal combinations significantly more accurately 

than illegal ones (MLegal =.73, SD =.12; MIllegal =.66, SD =.10). 

fERN. In order to analyse the fERN, a difference waveform was computed by 

subtracting the grand average positive feedback waveform from the negative feedback 

waveform (Miltner et al., 1997; Scheffers & Coles, 2000). There was no main effect of 

legality or feedback condition on mean fERN amplitude, nor significant interaction between 

the two (p-values ≥.228).  
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However, there was a significant main effect of feedback condition on fERN peak 

latency, F(1,45)=5.879, p=.019, ηp
2=.12. There was no main effect of legality or interaction 

between legality and feedback condition (p-values ≥.560). Therefore, we collapsed mean 

latencies across legality and tested feedback condition using an independent samples t-test 

and found a significant difference, t(45)=-3.08, p=.004, d=0.90 confirming the previous result 

(see Figure 4.4).  

Test phase 

Performance. In terms of reaction times, there was a main effect of legality 

F(1,49)=6.89, p=.012, ηp
2=.12, with participants responding more quickly to illegal (MIllegal 

=786.92, SD =136.23) than legal cards (Mlegal= 822.10, SD = 150.60). However, there was not 

a main effect of feedback condition, nor an interaction (p-values ≥ .538). Similarly with 

accuracy, we found a significant main effect of legality F(1,49)=4.33, p=.043, ηp
2=.08, but all 

Figure 4.4. Effect of feedback condition on the fERN (negative minus positive feedback). (a) fERN mean 

latencies by feedback condition. (b) Grand-average ERP difference waveforms elicited over the frontocentral 

region (linear derivation of FC1, FCz, FC2, C1, Cz, and C2) in the symbolic (black line) and social (grey line) 

conditions. (c) fERN topographies (200-320 ms) by feedback condition. *p < .05. 
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other effects were non-significant (p-values ≥ .588), with participants responding more 

accurately to illegal (MIllegal = .64, SD = .16) than legal cards (Mlegal = .55, SD = .20), 

regardless of feedback condition (see Figure 4.5). 

 

 

P3b. There were significant main effects of legality, F(1,45)=30.29, p<.001, ηp
2=.40, 

and feedback condition, F(1,45)=10.49, p=.002, ηp
2=.19, on P3b mean amplitudes. There was 

also a significant interaction between the two, F(1,45)=11.04, p=.002, ηp
2=.20. A simple 

effects analysis showed that the difference in amplitude between illegal (standard) and legal 

(deviant) trials was significant in the symbolic, F(1,45)=39.80, p<.001, η2=.46, but not the 

social feedback group, F(1,45)=2.33, p=.134, η2=.03 (See Figure 4.6). 

Figure 4.5. Behavioural results in the test phase - (a) reaction time and (b) accuracy, 

both collapsed across feedback condition. Error bars represent SEM. *p < .05. 



Chapter 4 – Social feedback and implicit rule learning | 99 

 

Across testing phases: P3b and fERN 

Finally, in a subset of participants (N = 43) whose datasets were retained for both 

learning and test phases, we predicted that as the latency of the fERN increases, the 

difference between the oddball and standard stimuli (P3b effect) would decrease. We suggest 

that a delay in processing hindered feedback 

registration in the learning phase, and lead to 

a weaker ERP response discriminating 

between illegal and legal stimuli at test. 

Analysis showed that there was indeed a 

significant negative correlation between these 

variables, r(41)=-.27, p=.039, R2 =.07 (1-

tailed), in the absence of an interaction with 

group, p > .1 (See Figure 4.7). 

Figure 4.6. P3b Results. (a) Mean P3b amplitudes between 480-580 ms elicited over the centroparietal region 

(C1, Cz, C2, CP1, CPz, CP2, P1, Pz, P2) by legal (grey) and illegal (black) card triads in the symbolic (left) and 

social (right) feedback groups. Error bars indicate SEM. (b) P3b ERP waveforms elicited over the centroparietal 

region by legal (grey) and illegal (black) in the symbolic (left) and social (right) feedback groups. (c) P3b effect 

(legal minus illegal) topography by feedback group. ***p < .001. 

Figure 4.7. Relationship between fERN mean latency and 

P3b effect mean amplitude. Negative correlation between 

fERN mean latency and P3b effect (legal minus illegal) 

mean amplitude. 
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Discussion 

In the present study, we compared two groups of participants learning a new card 

game and receiving two different types of feedback: symbolic or social. We investigated the 

effect of feedback type on performance during learning and at test, using behavioural and 

ERP measures. In the learning phase, participants were more accurate overall for legal than 

illegal card triads, regardless of feedback type. Although we did not find any difference in 

mean ERP amplitude between groups, the fERN elicited by socially salient stimuli was 

significantly delayed (by ~20 ms) in comparison to that elicited by symbolic feedback, 

regardless of card triad legality. At test, participants showed greater accuracy for illegal than 

legal card combinations, suggesting that learning in the training phase had taken place. 

Furthermore, when collapsing across legality, participants in both groups displayed similar 

levels of accuracy, meaning that feedback type did not cause measurable differences in 

general performance. This being said, ERP differences between groups did manifest at test. 

Even though the paradigm we used was a non-traditional P3b design (i.e., participants were 

required to respond to all stimuli) a typical P3b effect was elicited in response to infrequent 

legal compared to frequent illegal stimuli in the symbolic group, while the social group failed 

to show a mean amplitude difference between conditions in the same time window. Finally, 

we found a correlation between fERN peak latency in the learning phase and P3b mean 

amplitude at test. 

We expected socially salient feedback to enhance task performance (as suggested by 

results obtained by Hurlemann et al., 2010), but failed to find behavioural differences 

between participant groups. Nonetheless, brain responses differed between groups in both the 

learning and the testing phase, with the symbolic group displaying earlier fERN peaking time 

than the social group, as well as a significant P3b effect. Thus, whereas both groups learned 

the rule of the game to a similar extent, ERP measures indicate that the quality of learning 

differed depending on feedback type. This interpretation is consistent with the finding of a 
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negative correlation between fERN latency and P3b amplitude: the greater the delay of 

negative feedback registration, the weaker the subsequent distinction between legal and 

illegal stimuli.  

Thus, although feedback type does not differentially affect behavioural performance, 

socially relevant feedback appears to add cognitive noise affecting learning at the 

neurophysiological level. In that sense, the results echo those reported by Hu et al., (2015) 

who asked participants to sort 3-digit numbers according to arbitrary categories and gave 

feedback via either socially relevant (emotionally expressive faces) or symbolic (traffic light 

icons) stimuli. The authors found that social feedback impaired performance relative to 

symbolic feedback, and that those learning via social feedback performed at comparable 

levels of accuracy as those learning based on symbolic feedback only after receiving a dose 

of intranasal oxytocin. The authors reasoned that the relative disadvantage afforded by 

emotional faces could be due to this stimulus type not being a customary form of feedback in 

Chinese culture. In other words, Chinese participants find emotive human faces disruptive 

during learning. Since we found a similar effect in our ERP data, the relative advantage of 

symbolic feedback may extend to western cultures. This effect may be explained by facial 

stimuli increasing cognitive load during difficult tasks (as in Doherty-Sneddon et al., 2002), 

which is consistent with other studies showing improvements in accuracy when participants 

avert the gaze from socially relevant stimuli during cognitive tasks (Glenberg et al., 1998; 

Phelps, Doherty-Sneddon, & Warnock, 2006). This result also concurs with the classic 

finding that the presence of others during cognitively demanding tasks can be detrimental to 

task performance (Bond & Titus, 1983). It is noteworthy that we used 6 different identities in 

the social feedback condition, thus incurring stimulus variability to a greater extent than that 

involved in the symbolic feedback group, given that symbolic feedback only varied in basic 

geometrical properties and lightness. The relatively greater diversity of stimuli in the social 
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feedback version of the experiment may therefore have contributed to increasing the 

cognitive load in that condition and thus partly account for the pattern of difference found in 

the ERP data. Indeed, Hu et al. (2015) reported that using an emoticon instead of photographs 

of faces as feedback in the social feedback condition improves learning.  

Note that the sharing of attributes between the shapes presented on cards and those 

used to provide feedback in the symbolic participant group could hardly account for this 

result. Symbolic feedback sometimes featured circles or squares, which could be green or red, 

attributes that could also be represented in some cards. Whereas the semantic value of the 

symbolic shapes was entirely based on colour, unambiguous (i.e., green = correct, red = 

incorrect), and binary in nature, the shape and colour attributes of shapes on cards were 

entirely arbitrary and only had value when considered across cards. And indeed, there was no 

detrimental effect of the overlap in attributes between card shapes and symbolic feedback 

shapes, thus not causing any measurable consequences in this study. 

Our task deliberately engaged spatial and abstract-reasoning capabilities. Thus, it was 

cognitively demanding, which may explain why we did not find social feedback to have a 

facilitatory effect on task performance, but rather tend to cause shallower learning, indexed 

by P3b amplitudes. We provided electrophysiological evidence that socially salient feedback 

–when the task at hand is abstract and relatively complex– is less conducive to facilitating 

implicit learning, as evidenced by a delayed fERN. Participants in this feedback group also 

showed a reduced P3b effect, reflecting a decreased ability to distinguish between rare legal 

stimuli and more frequent illegal stimuli. Our results thus support recommendations that 

during difficult cognitive tasks, people should avoid looking at other individuals in order to 

increase task accuracy (Phelps et al., 2006). However, future research is needed to generalise 

this finding to other learning contexts (e.g., socially relevant tasks) and investigate whether it 
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is the social quality of the stimuli or its informativeness in the task context that affects 

learning quality on the neurophysiological level. 

Indeed, in the present study we employed a type of negative social feedback different 

from that used in previous studies (Hu et al., 2015; Hurlemann et al., 2010; Mihov et al., 

2010). The latter experiments used ‘angry’ faces as negative feedback in social conditions, 

while we elected to use ‘sad’ faces. One could argue that sadness does not convey negative 

feedback in response to an error in learning contexts as efficiently as frowning or anger. This 

may have resulted in a slightly different emotional context, thus limiting the validity of direct 

comparisons between studies. 

Another point to note was the use of unequal number of possible combinations of the 

four shape dimensions per level of difficulty at test (see “Stimuli” section). In the learning 

phase, we ensured that the different combinations had equal probability of presentation to 

offer participants a chance to learn all possible combination types. However, during the test 

phase, we allowed the combinations to occur at their natural frequency. For example, there 

are many possible combinations of illegal trials in which the rule is violated for one stimulus 

dimension only as compared to the case of violations affecting all dimensions 

simultaneously. Future studies will determine whether the local frequency of each difficulty 

level has a measurable impact on detecting legal combinations amongst illegal ones. Indeed, 

once a rule is learned, it is unclear how the diversity of test stimuli affects performance since 

the criterion acquired during the learning phase is binary in nature. 

Conclusion 

This study sought to investigate the role of feedback during an implicit-intentional 

learning task. Contrary to our hypotheses drawn from previous behavioural studies, we found 

that symbolic feedback was more effective than social feedback, as demonstrated by a 

delayed fERN in the social group during learning, and lower ability to distinguish between 
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card combinations that complied to an implicitly learnt rule and those that did not at test, as 

indexed by a neurophysiological index of target detection (P3b). We suggest that the social 

salience of feedback may interfere with the learning process, at least when the rule to be 

learnt is abstract and relatively complex. Such effects need to be further investigated in 

experiments directly manipulating task complexity in social vs. non-social feedback contexts, 

and characterise the importance of the type of social feedback received. 
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Chapter 5 

General Discussion 

Summary 

This thesis sought to examine how exposure to social information affects decision-

making. Specifically, we examined how socially-relevant punishments and rewards compare 

to non-social alternatives, in terms of their effects on cooperative behaviour and the ability to 

implicitly learn new rules. In the first two empirical chapters, we were particularly interested 

in how social and non-social punishments played a role in decisions to cooperate in a 

naturalistic social interaction context relative to a typical anonymised laboratory one; as well 

as whether social rewards and punishments were more effective than monetary equivalents. 

In the third empirical chapter, we wanted to investigate whether participants could implicitly 

learn a rule more efficiently when they received social versus non-social feedback and 

whether the neural signature of learning would vary between feedback conditions.  

Broadly, this thesis found that the inclusion of socially relevant information has 

mixed effects on decision-making. During our unique version of the Public Goods Games, we 

found that incentives endangering individuals’ social concerns (i.e., social punishments) 

increased cooperation in socially-enriched environments, relative to monetary sanctions. 

However, social rewards did not appear to have the same effect, suggesting that rewards and 

punishments in the Public Goods Game had differential effects on contribution behaviour 

depending upon the environment in which they are administered. Additionally, in these face-

to-face environments, positive social interactions, characterised by higher amounts of shared 

positive affect, generally helped to drive contributions. Thus, the first two empirical chapters 

suggest that information from the social environment, as well as manipulating social 

incentives, has an effect on cooperative behaviour. This has implications for the way in 
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which the Public Goods Game is conceptualised within laboratory contexts (see discussion 

below).  

At the intrapersonal level, we compared the efficacy of social feedback (that included 

social rewards in the form of smiles) and non-social symbolic feedback during an implicit 

learning task. We found that social feedback altered the neural signature of learning, although 

this did not manifest in differences in behavioural performance across feedback groups. We 

tentatively suggest that social feedback interfered with learning on a neurophysiological level 

(see below). 

Main findings & contribution 

Chapter 2. In the first empirical chapter, we were interested in looking at cooperative 

behaviour in the public goods game when punishment options were available. Typical 

laboratory versions of this game take place over computer terminals, meaning that 

interactions between other group members are normally anonymous (Fehr & Gächter, 2000a; 

Rand, Dreber, Ellingsen, Fudenberg, et al., 2009). In these contexts, monetary sanctions 

appear to be superior to punishments designed to emulate social disapproval, by assigning 

disapproval ‘points’ to defecting players (Masclet et al., 2003; Noussair & Tucker, 2005). 

However, these results appear contradictory to field studies that suggest that interventions 

manipulating an individual’s social concerns are more consistently effective at maintaining 

cooperation, compared to cost/benefit manipulations (Kraft-Todd et al., 2015).  

Indeed, in the real social world, people often directly communicate disapproval to 

partners who have behaved poorly (Gächter & Fehr, 1999), and the opportunity for these 

kinds of face-to-face interactions appears to relate to increases in cooperative behaviour 

(Balliet, 2009; Drolet & Morris, 2000; Ostrom, 2000). Thus, in socially impoverished 

laboratory contexts, where interaction with social partners is not possible, the “sting” of 
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social disapproval may be reduced, as there are no tangible social consequences for punished 

players (Masclet et al., 2003; Noussair & Tucker, 2005). 

Thus, in this Chapter, we used a unique variant of the Public Goods Game (PGG) to 

address the issues outlined above. Here, we allowed participants to engage in naturalistic 

social interactions with other group members (face-to-face context), contrasted against a 

typical ‘anonymous’ game setting. We were interested in examining whether the sting of 

punishments (also referred to here as the ‘cost’ of punishment) changed depending on the 

game context and the punishment type available. We predicted that in the typical anonymised 

version of the game, Monetary (reducing the payoff of the punished player by 50%), but not 

Social punishment (publicly naming the lowest contributor) would serve to maintain 

contribution levels, thereby replicating previous findings.  

Results from this chapter suggested that in anonymised interactions, monetary 

sanctions distributed to the lowest contributors each round (i.e. free-riders) were more 

effective than social punishments. However, during the face-to-face game, this pattern 

reversed, and social punishments (i.e. publicly naming the lowest contributor) became the 

most effective sanction type. Thus, we appeared to replicate common findings in the 

anonymous version of the game that suggest that monetary sanctions are the most effective 

sanction type (Fehr & Gächter, 2000a). However, in the face-to-face version of the game, we 

found that socially relevant punishments were the most effective sanction type, thereby 

improving upon previous ‘social’ punishments (i.e. ‘disapproval points’; Masclet et al., 2003; 

Noussair & Tucker, 2005). This finding broadly concurs with field research showing that 

engaging an individual’s social concerns is more consistently effective than cost-benefit 

manipulations (Kraft-Todd et al., 2015). One such example of a social concern is one’s 

reputation and identity, since when these are at stake, behaviour tends to become more 
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cooperative (Andreoni & Petrie, 2004; Ariely et al., 2009; Engelmann & Fischbacher, 2009; 

Gächter & Fehr, 1999; Nowak & Sigmund, 1998a). 

Additionally, those receiving a social punishment in the face-to-face setting raised 

their contributions significantly compared to their standard rate. This suggests that players 

were prepared to incur a “cost” to themselves to avoid receiving a social punishment again in 

future rounds. However, the receipt of a monetary punishment did not raise contributions 

significantly, suggesting that such punishments do not have the same ‘sting’ as social 

punishments in face-to-face interactions. However, in the anonymous condition, players 

raised their contributions by similar amounts, regardless of punishment type.  

Interestingly, in the face-to-face condition, we found that although players in all 

punishment conditions experienced similar amounts of interaction positivity (amount of 

shared positive affect, as rated by independent raters) on average. Furthermore, round-by-

round differences in interaction positivity predicted players’ contributions on the next round 

in conditions involving social punishments. Thus, direct social feedback from group members 

(i.e., laughter, friendly teasing) may account for the effectiveness of social punishments in 

this interaction setting. 

Our research lends support to the idea that socially relevant information (via 

interaction with social partners) affects cooperative decision-making (Centorrino et al., 2015) 

and we further demonstrate that the interaction environment alter the effectiveness of certain 

punishment types. In anonymous interaction conditions, social sanctions do not appear to 

maintain cooperation over time. However, in enriched social contexts, social punishments are 

especially costly, even under conditions in which no information regarding other players’ 

contributions is available. The immediacy of the social environment and threat to reputation 

present in this condition probably accounts for these results. 
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The efficacy of punishments is often studied alongside that of reward (for a meta-

analytic review, see Balliet, Mulder, & Van Lange, 2011). Although research consistently 

suggests that punishment incentives are effective at maintaining cooperation in the public 

goods game, compared to when this mechanism is not in place (Fehr & Gächter, 2000a; 

Nowak & Sigmund, 1998b; Ostrom et al., 1992; Rand, Dreber, Ellingsen, Fundenberg, et al., 

2009), it has also been suggested that costly punishment can be detrimental to group payoff 

(Dreber et al., 2008; Egas & Riedl, 2008; Szolnoki & Perc, 2010). However, it appears that 

the opportunity to reward players may mean that group earnings are healthier (Rand, Dreber, 

Ellingsen, Fundenberg, et al., 2009). We thus explored the efficacy of rewards in the PGG in 

the next empirical chapter. 

Chapter 3. In the second empirical chapter, we used the same public goods game 

paradigm, and looked at the effect of rewards (instead of punishments) on cooperative 

behaviour. Research has suggested that players are prepared to reward other generous 

players, even at a cost to themselves (Almenberg et al., 2011). However, an important 

requirement of this is that interactions are repeated (Walker & Halloran, 2004), as this allows 

players to develop a reputation over game rounds, which helps to maintain cooperation (Fu et 

al., 2008; Sigmund et al., 2001). The acquisition of a good reputation may even be a form of 

reward in itself, as known cooperators are often the beneficiaries of cooperation from others 

both within and outside of their own social groups (Semmann et al., 2005). In this 

experiment, we extended this idea, and compared the efficacy of rewards that benefitted the 

reputation of cooperators, to monetary incentives. We also compared these incentive types 

across two different interaction settings. We expected that in anonymous environments 

social/reputational rewards would be less effective than monetary, and in the face-to-face 

version of the game, we predicted that the enhanced reputational benefits of social rewards 

would increase cooperation relative to monetary rewards. 
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This set of experiments found that in anonymous settings, reward type (monetary, 

social or combined) did not differentially affect contributions behaviour. Thus, it did not 

appear that any one reward type was more effective than others at maintaining contributions 

to the public good in this interaction setting. However, in the face-to-face setting, we found 

the opposite effect to our prediction; monetary rewards were much more influential in terms 

of their contributions to investment behaviour than were social rewards.  

In general, during both versions of the game, players were willing to pay a “cost” to 

distribute a reward to the highest contributor. On the surface perhaps, this seems to concur 

with other research showing that players are indeed willing to altruistically reward 

cooperative players (Almenberg et al., 2011). However, due to the way that we implemented 

the reward mechanism, players who decided to distribute a reward could receive their own 

reward back; thus, suggesting that players actually engaged in reward seeking behaviour. 

However, the exception to this was the Social reward condition in the face-to-face setting, in 

which participants did not pay more to distribute a reward. Additionally, in the face-to-face 

setting, positive social interactions predicted contributions in conditions where Monetary 

incentives were available, but not in the Social reward condition – here, players avoided 

raising contributions despite positive interactions. 

Given that overall contributions were lower for the Social reward condition in the 

face-to-face setting and that this was the only condition in which participants were not 

willing to pay more to distribute a reward (perhaps to avoid receiving the reward themselves), 

we suggest that our British sample were reluctant to be singled out with these reputational 

rewards. These incentives were so explicit that they may have ‘crowded-out’ cooperation, in 

that they may have signalled selflessness for self-interested reasons (Ariely et al., 2009; 

Bénabou & Tirole, 2006).  



Chapter 5 – General Discussion | 111 

 

For the first time, we have examined the effect of face-to-face social interaction in a 

cooperation game alongside reward incentives. Although the results were in some cases 

surprising (we did not anticipate that social rewards would be ineffective at raising 

contribution levels in face-to-face interactions), they did suggest that positive social 

interactions generally predict cooperative behaviour. This finding seems to concur with 

research showing that positive social signals from partners (i.e., smiles) tend to increase 

cooperative decisions (Scharlemann et al., 2001). 

Thus, the first two chapters examined the effect of socially relevant rewards and 

punishments on an interpersonal level. These face-to-face environments allowed for the 

exchange of social cues between group members, which appeared to alter the efficacy of 

rewards and punishments, and thus to influence decision-making. In the next chapter, we 

examine the role of socially relevant feedback on an intrapersonal level, as this type of 

feedback is important for both predicting another’s behaviour (Heerey & Velani, 2010) and 

adjusting one’s own behaviour according to subtle shifts in the social environment 

(Kringelbach & Rolls, 2003). Social cues also provide information on how to maximise 

reward and minimise punishment (Heerey, 2014). Furthermore, socially relevant stimuli such 

as smiles, appears to be intrinsically more valuable than non-social feedback stimuli, even 

when both types of stimulus carry the same objective value (Heerey, 2014; Shore & Heerey, 

2011). It also appears that social feedback is more beneficial for associative learning than 

non-social feedback (Hurlemann et al., 2010). However, it is unclear whether the reward 

value of socially relevant feedback confers benefits during learning, on an intrapersonal level, 

in tasks where instructions are not explicit. We explored this idea in the final empirical 

chapter. 

Chapter 4. In this chapter, we examined whether socially-relevant feedback 

facilitates learning at an individual level by examining the neural signature of implicit 
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learning. It is well established that humans can implicitly learn contingencies about their 

environment without conscious awareness (Cleeremans et al., 1998; Dienes et al., 1995; 

Reber, 1967). However, the question of whether and how the social relevance of feedback 

affects the quality of learning is an important aspect that appears to have been neglected in 

the field of implicit learning.  

We learn about our environment from other people, and this social information is 

abundant in everyday interactions. Indeed, research has shown that humans can implicitly 

learn cues from others to predict their future behaviour (Heerey & Velani, 2010). Similarly, 

in terms of the use of socially relevant feedback in non-social tasks, (e.g., in an associative 

task), social feedback has been shown to be more effective than non-social, symbolic 

feedback in the form of traffic light icons (Hurlemann et al., 2010). Given the high social 

relevance of human faces, we predicted that using this feedback stimulus would enhance 

performance during an implicit learning task compared to a non-social, symbolic stimulus 

(traffic lights). Participants were asked to learn which combination of visually presented 

cards conformed to a rule (legal) and which did not (illegal). 

During the learning phase, participants were more accurate overall for legal than 

illegal card triads, regardless of feedback type. However, ERP results showed that the fERN 

was significantly delayed when participants received social rather than symbolic feedback. At 

test, we found that participants responded more quickly and accurately to illegal than legal 

card stimuli, but there were no differences between feedback conditions. However, it did 

appear that a P3b wave was elicited in response to rare legal stimuli in the symbolic group, a 

modulation not found in the social feedback group, suggesting that this group of participants 

were less able to discern between legal and illegal stimuli.  

For the first time, we have examined the effectiveness of socially relevant and 

symbolic feedback during an implicit learning task as compared to non-social symbolic 
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feedback. Surprisingly, social feedback did not facilitate learning as indexed by performance, 

as we had predicted based on previous research showing that social feedback provides an 

advantage during an associative task (Hurlemann et al., 2010). This study suggests that social 

and symbolic feedback differentially affect neurophysiological activity, perhaps due to 

additional cognitive noise or increased competition for attention resources in the social 

feedback condition.  

Implications 

In the first two chapters, we examined how naturalistic social interactions affect 

cooperation during decision-making in the public goods game. Typical laboratory studies in 

this area use an anonymised methodology in which participants playing economic games 

cannot see or interact with other group members (Fehr & Gächter, 2000a; Masclet et al., 

2003; Noussair & Tucker, 2005; Rand, Dreber, Ellingsen, Fundenberg, et al., 2009). Some 

research has started to consider the role of social information and cues from others during 

cooperative decision-making (e.g., Scharlemann et al., 2001; Schug et al., 2010). However, 

the social stimuli used are mostly static pictures of faces portraying a cue of interest (e.g., 

smiles; Scharlemann et al., 2001), or participant’s facial expressions are video recorded for 

analysis in the absence of social partners (e.g., Schug, Matsumoto, Horita, Yamagishi, & 

Bonnet, 2010). Such methodological choices have been guided by the requirement of 

experimental control, but they considerably limit our ability to study real world cooperative 

decision-making mechanisms.  

For this reason, we chose to allow participants to interact in a naturalistic way with 

other group members when they made decisions to cooperate, so as to get closer to the 

context in which individuals make real decisions. In the real world, we frequently make 

decisions within a social context, guided by the information gleaned by those around us. 

Indeed, we found that positive social interactions within a group generally help to drive 
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contributions towards the public good. Positive emotions, as identified in free responses 

made by participants playing an anonymous cooperation game, have been previously linked 

with cooperative behaviour (Rand et al., 2015). Beyond this, we have shown that it is 

possible to experimentally measure group positivity as it arises, allowing us to capture a more 

realistic account of cooperative decision-making.  

Our cooperation experiments have also shown that the effectiveness of incentives 

depend on the setting in which they are administered. In previous anonymous laboratory 

contexts, punishments that attempt to operationalise social disapproval appear to be less 

effective than monetary sanctions (Masclet et al., 2003; Noussair & Tucker, 2005). Here, we 

found that publicly naming low contributors in a face-to-face situation increases the sting of 

receiving a punishment. Our version of social punishment was perhaps a closer 

approximation of the cognitive-emotional situation as it is experienced in the real world. 

Intuitively, it seems that real world punishment often takes the form we implemented in our 

study, whether it be individuals calling out free-riders during group work settings, or the 

media naming politicians and bankers for self-interested behaviour. Thus, this work adds 

credibility to the idea that engaging participants’ social concerns increases cooperation 

(Kraft-Todd et al., 2015), and it provides hints for a simple and effective solution to tackle 

free-riding in social environments. However, such an intervention must also be advocated 

with caution, especially when it is employed in online social environments, such as Twitter. 

The effects of being publicly named for perceived bad behaviour in this environment can be 

disproportionately severe (for anecdotal accounts, see Ronson, 2015). 

We also found that people were reluctant to pursue social rewards in socially 

enhanced environments, whereas this was not the case in anonymous environments. Perhaps 

the explicit incentive of gaining a good reputation may have ‘crowded out’ cooperation 

(Ariely et al., 2009; Bénabou & Tirole, 2006; Kraft-Todd et al., 2015). This finding implies 
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that in situations requiring the contributions of others, i.e., the case of charitable 

organisations, cooperation should not be incentivised with overt reputational rewards, e.g., 

the public naming of large donors. Public naming may dilute the intended signal, making it 

unclear whether the actor is really prosocial or whether she is acting in this way so as to gain 

a good reputation (Ariely et al., 2009). Thus, here we present evidence that in social, face-to-

face environments, this crowding out effect seems to occur and that explicit rewards may 

better be avoided in such situations. 

Thus, when decisions take place in anonymous environments, as is typical in this 

field, we are missing out on a great deal of information (e.g., the reciprocity of certain social 

cues, or aspects of the social environment, that have the potential to shape behavioural 

responses) which may help to unpack real world cooperative behaviour. Thus, this research 

has important implications for the field, in that we have taken a first step in identifying some 

of these untapped social interaction factors. This is also important from an epistemological 

point of view, since empirical social science research must be able to make valid inferences 

about the underpinnings of real-world behaviour.  

ERP results from the final empirical chapter somewhat counter-intuitively suggested 

that social feedback can alter or interfere with learning at a neurophysiological level, as 

compared to non-social, symbolic feedback. Given the premise that social feedback is more 

valuable than non-social feedback (Heerey, 2014; Shore & Heerey, 2011) and that it is 

conducive to increased learning during associative tasks (Hurlemann et al., 2010), our result 

suggests that social feedback has a context-dependent effect. In difficult abstract reasoning 

tasks, where individuals are learning without explicit instruction, symbolic feedback might 

provide a clearer, simpler signal affording less neurophysiological interference. This has 

potential implications for the design of learning environments that typically employ socially 
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relevant feedback such as schools. However, there is a need to investigate in more detail what 

the neurophysiological differences between feedback types mean for future task performance. 

Limitations  

As with much work in the field of experimental economics, the games that are played 

often involve only small stakes. Indeed, in our public goods games, players only gambled 

with 10 pence at a time. Thus, we do not know whether the effectiveness of monetary 

punishments/rewards would change had the stakes been higher. It may be the case that larger 

monetary sanctions increase the efficacy of these punishments, regardless of interaction 

setting, but this cannot be assessed within the realms of our investigation.  

It is important to also note that face-to-face interactions are difficult and time 

consuming to code in detail. Here, we instead asked independent observers to rate the general 

positively-valenced affectivity of the interactions, which was then condensed into a 

‘positivity’ factor. There may be other, subtler social phenomena occurring during these 

interactions that our measures did not capture, which may be equally predictive of 

cooperative behaviour. Nonetheless, we must bear in mind that our experiments are a first 

step in exploring how information transmitted during social interactions may affect 

cooperation. 

Finally, in terms of social feedback and implicit learning, there may have been some 

ambiguity in the social feedback that we used to indicate incorrect responses. We used sad 

faces as negative feedback and such facial expression does not unequivocally convey that an 

error has been committed. There was naturally less ambiguity with the traffic light feedback. 

In real life interactions, we are more likely to see frowning expressions when errors occur, 

and so, we do not know how ambiguity in face expression per se may have affected the 

results. Thus, in future experiments it may be productive to use a more realistic social cue 

that indicates an error has been made. 



Chapter 5 – General Discussion | 117 

 

Future directions 

Here, we have added a unique element to the public goods game paradigm by 

allowing concurrent face-to-face interactions with social partners. Future research in the field 

should build on this trend by continuing to explore what defection, cooperation, reward and 

punishment behaviours look like in more realistic interaction settings and how these may be 

realistically captured in the laboratory. Since the propensity for humans to engage with costly 

punishment behaviour may be an ‘real artefact’ of the laboratory (Guala, 2012), and even 

though our experiments are a step in the right direction, there is still some way to go in order 

to fully characterise the parameters underpinning real world behaviour. Also, we will need to 

investigate in more depth the role of social information from interaction partners during 

cooperative decision-making. I am particularly interested in what the social environment 

looks like in the lead up to a non/cooperative decision. How are these decisions mediated by 

the cues that we receive from others? Here, we have found that group interaction positivity is 

generally predictive of cooperation, and thus future studies should be able to identify the 

detailed characteristics of these interactions between group members; and the specific social 

cues that accompany them. Perhaps the incidence and reciprocity of smiles, examined using 

the Facial Expression Coding System (Kring & Sloan, 2007), would be a valid starting point 

for future work. 

Furthermore, I am also interested in the interaction between cooperative decision-

making and the perception of personal characteristics of interaction partners. How does the 

perception of others affect the propensity for cooperation, and the willingness to punish or 

reward others? To investigate this, I would start by analysing interpersonal ratings of other 

group members’ personality characteristics using the Social Relations Model of social 

interaction (Back & Kenny, 2010) and associated analyses (i.e. the Round Robin analysis; 

Schönbrodt, Schmukle, & Back, 2011; Warner, Kenny, & Stoto, 1979). This will allow the 

description of dyadic processes between ‘actors’ and ‘partners’, as well as their unique 
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‘relationship’. Such an approach should help resolve the issue of interdependence in the data 

when individuals interact within dyads or groups (Heerey, 2015) and may help shed light on 

how the perceived characteristics of group members affect cooperation, after interactions 

have occurred. 

In terms of social feedback and implicit learning, we need to determine whether the 

neurophysiological differences observed between learning contexts using different types of 

feedback transpire into behavioural performance and information retention at a later stage. It 

may also be fruitful to examine whether the neural signature of feedback type, and perhaps 

even online behavioural performance, differs depending on the social relevance of the task, as 

our task was abstract and bore few real social ramifications. Additionally, considering 

previous research showing that reinforcement value differs between types of social rewards 

(e.g., Shore & Heerey, 2011), it may be interesting to examine whether different types of 

social feedback (e.g., genuine versus polite smiles) specifically affect implicit learning on 

behavioural and neurophysiological levels.  

Conclusions  

Overall, the work presented in this thesis shows that exposure to social information 

affects cooperative decision-making during the Public Goods Game, and alters the neural 

signature of implicit learning. In the Public Goods Game, the efficacy of rewards and 

punishments is contingent on both the form that these incentives take and the environment in 

which they are administered. Here, we have taken a first step towards more naturalistic 

testing, by examining how concurrent face-to-face social interactions between group 

members affect cooperative decision-making. We found that group interaction positivity 

generally helps drive contributions. These findings have notable consequences regarding the 

way in which this economic game is conceptualised within laboratory contexts, because 

many models of human cooperative behaviour fail to account for the fact that people interact 
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with others when making the decisions in the real world. This also has implications regarding 

the form that rewards and punishments should take in such experiments, depending on the 

context in which they are employed, to effectively promote cooperation. We also found that 

socially-relevant feedback, including social rewards in the form of smiles, somewhat counter-

intuitively interfere with implicit learning at the neurophysiological level. Overall, this thesis 

serves to initiate a few new steps towards understanding how the social context in which 

people find themselves may influence both explicit and implicit aspects of decision-making. I 

believe that capturing real world mechanisms of social interactions during cooperative 

decision-making, not only in terms of externally observable manifestations but also in terms 

of unconscious, implicit mechanisms underlying them, is the future of the social and 

cognitive sciences.
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Appendices 

Appendix A 

Public Goods Game Standardised Instructions 

Note. The instructions below were used for the face-to-face version of the 

punishment/reward games. We then adapted these instructions for use in the anonymised 

punisment/reward games by eliminating the step-by-step instructions for the experimenter. 

Introduction 

• Welcome to the experiment 

• This study examines individual and group investment behaviour. The money that you 

earn in this experiment you will be able to keep at the end of the task. At the end, the 

money that you have in your individual ‘bank’ will be changed up from pennies into 

larger cash denominations. 

• If you follow the instructions, you can earn a fair sum of money. 

• You will be playing an investment game where you will be given an endowment of 

10p before each round. 

• You will then choose how much of this endowment to contribute to a ‘group pot’. 

This can be any proportion of your endowment, ranging from 0p to the entire 10p. Do 

not invest more than 10p on any round, otherwise the remaining amount exceeding 

10p will be confiscated and not returned to you. 

• What you earn will depend on how much the group invests. The more the group 

invests, the more each player earns. Always bear in mind the amount that you don’t 

invest in relation to the amount you get back from the group. For example if you 

invest all 10p, if the return from the group pot is 9p, you have lost 1p. Similarly, if 

you contribute none of you 10p and even if the group return is 2p the total from that 

round that you will get is 12p.  

• Contributions will be counted up, multiplied by 1.6 and split four ways. If the total is 

not divisible by four, it will be rounded up to a sum that is so that every person will 

earn the same amount. For example, if you decided to invest nothing into the group 

pot, but the other 3 members invested a total of 20p, you would get a return of 8p 

each. Every player will get the same return from the group pot, regardless of their 

original investment. 

• You will be told the total of the group pot and how much your return is, before the 

money is returned to you. 

• You will keep your return and any amount that you do not invest, in your individual 

‘bank’ (the larger box in front of you). 

• You must not share information about your contributions or engage in any 

negotiations with other players. 

• Are there any questions? 

• Please turn your screens so that other players cannot see what you are doing. 

 

Trial procedure (practise rounds) 

• This is round X 

• You will now receive your endowment of 10p. 
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• Please choose how much of your endowment to invest (do not exceed 10p). 

• Place the amount you want to invest into the box with the lid and hand it to the 

experimenter. Please keep the rest of your endowment on the mat in front of you. 

• The banker will now tally the investments. 

• Your group pot was X, which was multiplied by 1.6 and then divided by 4, giving an 

individual return of Y. 

• Place your return and your leftover endowment into your bank. 

Punishment/Reward introduction 

• In the next rounds, you will now be able to punish/reward other players. 

• You will now receive a set of punishment/reward tokens. Each of you will receive the 

same number of tokens. Each token allows you to punish/reward one player, once. You 

may only punish/reward one player per round. 

• If you choose to punish/reward someone on any particular round, you will place a 

punishment/reward token into your box together with your contribution to the group pot.  

• The banker will then give the punishment/reward to the player who has made the 

lowest/highest contribution in that round. If two or more players are tied for the 

lowest/highest return, the punishment/reward will be determined at random. It is 

therefore possible to punish/reward yourself if you are the lowest/highest contributor. 

• [Monetary punishment/reward] You will know if you receive a punishment/reward 

because the banker will place a black/gold coin into the box of the punished/rewarded 

player. The player’s return from the group pot will also be reduced/increased by 50%. So 

for example, if the group return is 4, the punished/rewarded player will receive 2/6. 

[Monetary punishment only] If the return is not divisible by 2, it will be rounded down to 

the nearest number. So, if the return is 5, a punished player’s actual return would be 2. 

• [Social punishment/reward] You will know if you receive a punishment/reward because 

the experimenter will place a black/gold coin into the pouch on the top of the screen in 

front of you. This will be publically visible to other players for one round, after that the 

token will remain in your bank. 

• [Monetary + Social punishment/reward] You will know if you receive a 

punishment/reward because the experimenter will place a black/gold coin into the pouch 

on the top of the screen in front of you. This will be publically visible to other players for 

one round, after that the token will remain in your bank. Also, your return from the group 

pot will be reduced/increased by 50%. So for example, if the group return is 4, the 

punished/rewarded player will receive 2/6. [Monetary + Social punishment only] If the 

return is not divisible by 2, it will be rounded down to the nearest number. So, if the 

return is 5, a punished player’s actual return would be 2. 

• The identity of the punisher/rewarder and the punished/rewarded must remain 

anonymous. If more than one person chooses to punish/reward on any round, only one 

player will be punished/rewarded. The other punishment/reward will be saved for a 

round where no one has chosen to punish/reward.  

• Here are your punishment/reward chips. 

• Do you have any questions? 

 

Trial procedure (Monetary punishment/reward rounds) 

• You will now receive your endowment of 10p 
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• You may now choose how much of your endowment to invest into the group pot and 

whether you will punish/reward other players in this round. 

• Place your contribution, and if you have chosen to punish/reward, your 

punishment/reward token, into your box and place the box in the middle of the table. 

• Please do not tell anyone if you have given a punishment/reward on this round. 

• The banker will now count up your contributions and determine punishments/rewards. 

• The group pot was X, which was multiplied by 1.6 and then divided by 4, giving an 

individual return of Y. 

• If you have been punished/rewarded, a black/gold coin will appear in your box and your 

return will be cut in half/doubled. Please do not tell anyone if you have been 

punished/rewarded or if you gave out the punishment/reward. 

• [Reward only] If you receive a gold coin, please do not eat it until the end of the game. 

• Place your return into your bank. 

 

Trial procedure (Social punishment/reward rounds) 

• You will now receive your endowment of 10p 

• You may now choose how much of your endowment to invest into the group pot and 

whether you will punish/reward other players in this round. 

• Place your contribution, and if you have chosen to punish/reward, your 

punishment/reward token, into your box and place the box in the middle of the table. 

• Please do not tell anyone if you have given a punishment/reward on this round. 

• The banker will now count up your contributions and determine punishments/rewards. 

• The group pot was X, which was multiplied by 1.6 and then divided by 4, giving an 

individual return of Y. 

• Player blue/red/yellow/green receives a black/gold coin. 

• Place your return into your bank. 

• [Reward only] Please do not eat your gold coin(s) until the end of the game. 

[EXPERIMENTER: rewards should be visible for one round of the game. After that, 

a punished/rewarded individual should remove the gold coin and place it behind the screen 

(in their bank) until the end of the game]. 

 

Trial procedure (Monetary + Social punishment/reward rounds) 

• You will now receive your endowment of 10p 

• You may now choose how much of your endowment to invest into the group pot and 

whether you will punish/reward other players in this round. 

• Place your contribution, and if you have chosen to punish/reward, your 

punishment/reward token, into your box and place the box in the middle of the table. 

• Please do not tell anyone if you have given a punishment/reward on this round. 

• The banker will now count up your contributions and determine punishments/rewards. 

• The group pot was X, which was multiplied by 1.6 and then divided by 4, giving an 

individual return of Y. 

• Player blue/red/yellow/green receives a black/gold coin 
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• Place your return into your bank. 

• [Reward only] Please do not eat your gold coin(s) until the game has ended. 

[EXPERIMENTER: punishments/rewards should be visible for one round of the 

game. After that, a punished/rewarded individual should remove the gold coin and place it 

behind the screen (in their bank) until the end of the game]. 

 

End of the game 

• You have reached the end of the experiment. 

• I will give you each a packet of questionnaires to complete. While you complete the 

questionnaires, the banker will exchange your pennies for larger coin denominations. 

These will be returned to you at the end of the session.  

• Here are your questionnaires. 

 

Debriefing 

• This experiment was about the effect of different types of reward on investment 

behaviour.  

• More specifically, it concerned how punishment alters the likelihood of “free-riding” or 

investing nothing into the group pot.  

• So, it was looking at whether punishments cause people to act in a less self-interested 

way and how the opportunity for punishment, anonymity and reputation has a bearing on 

this behaviour.  

• Do you have any questions about the experiment or the game?  

• You earned £X.XX today. I’ll need you to sign a receipt saying you received this 

amount.  
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Appendix B (i) 

Comprehension quiz 

1. What game strategy will allow you to earn the most money in the game if everyone else 

contributes almost all their money in the game? 

  

a)     Contributing almost all my endowment on each trial 

b)     Contributing half my endowment on each trial 

c)     Contributing almost none of my endowment on each trial 

  

2. What game strategy will allow you to earn the most money in the game if everyone else 

contributes almost none of their money in the game? 

  

a)     Contributing almost all my endowment on each trial 

b)     Contributing half my endowment on each trial 

c)     Contributing almost none of my endowment on each trial 

  

3. How likely is it that all the other players will contribute more than half their endowment in the 

game?  

a)     Not at all likely 

b)     Somewhat likely 

c)     Very likely 

 

4. Which of the following outcomes will occur if you contribute almost all of your money and the 

rest of the players contribute almost none of theirs (circle all that apply)? 

  

a)     The other players will earn more money than me. 

b)     I will earn more money than the other players. 

c)     My contribution will benefit the other players more than it will benefit me. 

d)     I will lose money in the long run because I will keep less of my endowment. 
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Appendix B (ii) 

Punishment game comprehension scoring & analysis 

On this quiz, we asked two types of question – the first assessed a player’s 

comprehension of the game rules and the second assessed their belief in how other players 

may behave. 

Comprehension question scoring: on Question 4, there were multiple correct answers 

and we asked participants to select as many as they deemed appropriate. In hindsight, this 

was probably not the most effective way to ask this question, given that this is an atypical 

format to a multiple choice question for students at Bangor University. Nonetheless, we 

awarded one point for each of the correct options of a), c) and d). We deemed that if a player 

had selected option b), this demonstrated a definite lack of understanding, and so were 

penalised by being docked one point (-1). Therefore the range of ‘Comprehension’ points 

available was: -1 to 3.  

Belief question scoring: We designed Questions 1, 2 & 3 to assess players’ belief in 

how others might play the game. These questions did not have ‘correct’ answers per se. 

Rather, they were designed to assess each player’s individual preferences. For example, on 

Question 1, a player may believe that when all other players are investing highly, they will 

earn the most when they also invest highly. However, a player may also believe that if other 

players are investing highly, that they can earn the most by investing very little (retaining 

most of the endowment plus allowing others to subsidize their returns). Therefore, we 

decided to score this question on a scale of 1-3, with higher scores indicating that a player has 

chosen a more a cooperative belief. Thus, if a player selected option a) they received 3 

points; b) received 2 points (as a neutral option); c) received 1 point. Question 2 was scored 

in the same way. On Question 3, those who selected option a) indicated a belief that other 

players were non-cooperative and so this option was assigned 1 point; b) received 2 points; c) 

received 3. Therefore, the range of ‘Belief’ points available was: 3 to 9. 

Player comprehension scores did not differ across punishment condition in the 

anonymous game, F(2,117)=0.41, p=.667, ƞp
2=.01, or in the face-to-face game, 

F(2,121)=0.60, p=.549, ƞp
2=.01. Thus players had a similar grasp of the game across all 

conditions. Players also started out with similar belief levels, regardless of punishment 

condition, both in the anonymous context – F(2,117)=0.06, p=.940, ƞp
2=.01; and in the face-

to-face context -  F(2,121)=0.87, p=.420, ƞp
2=.01. 

In terms of how comprehension scores related to investment, we found no relationship 

between understanding and investment behaviour. In both the anonymous and face-to-face 

games, there was no relationship between average player investment and comprehension 

score (p-values ≥ .250).  

However, in terms of belief scores, we found that those players who believed that 

others were more cooperative actually cooperated more themselves, by investing more on 

average. This was the case in both the anonymous game, r(120)= .48, p<.001, and in the face-

to-face game, r(124)= .53, p<.001 (see figure below). This result fits with previous research 

that finds a positive relationship between the belief that others are fair/helpful and their own 

contribution to the Public Good (Gächter, Herrmann, & Thöni, 2004). 
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Punishment 
Condition 

Mean comprehension  
(SD) 

Mean belief  
(SD) 

Anonymous Money 1.65 (1.11) 5.40 (1.07) 

  Social 1.50 (1.12) 5.33 (1.27) 

  Both 1.73 (1.14) 5.43 (1.55) 

Face-to-face Money 1.63 (0.94) 4.80 (1.19) 

  Social 1.50 (0.95) 4.98 (1.19) 

  Both 1.39 (1.05) 5.16 (1.3) 
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Appendix B (iii) 

Reward game comprehension scoring & analysis 

Player comprehension scores did not differ across punishment condition in the 

anonymous game, F(2,117)=0.84, p=.062, ƞp
2=.05, or in the face-to-face game, 

F(2,116)=0.48, p=.623, ƞp
2=.01. Players also started out with similar belief levels, regardless 

of punishment condition, both in the anonymous context – F(2,117)=0.62, p=.539, ƞp
2=.01; 

and in the face-to-face context - F(2,116)=2.66, p=.075, ƞp
2=.04. 

We found no relationship between understanding and investment behaviour. In both 

the anonymous and face to face games, there was no relationship between average player 

investment and comprehension score (p-values ≥.228). However, there was a significant 

relationship between average investment and belief score, in both the anonymous game, 

r(120)=.30, p=.001, and in the face to face game, r(119)= .51, p<.001 (see graphs below). 

This would suggest that the more that players believe that others will play cooperatively, the 

more that they themselves invest on average.  

 

  
Reward 

condition 

Mean 
comprehension 

(SD) 

Mean  
belief  
(SD) 

Anonymous Money 2.11 (0.93) 5.07 (1.19) 

  Social 1.70 (1.08) 5.20 (0.93) 

  Both 1.63 (1.18) 5.30 (1.12) 

Face-to-face Money 1.50 (0.92) 5.23 (1.17) 

  Social 1.53 (0.92) 4.93 (1.37) 

  Both 1.33 (0.82) 4.58 (1.24) 
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Appendix C 

Standard game strategy reminder 

 

• What you must consider is how much you put into the group in relation to how much 

you are getting back. 

• For example, if you invest 5p of your 10p endowment, and you get 4p returned from 

the group, you have lost a penny. Your total on that round would be 9p, which is less 

than your original endowment. 

• You don’t want to be losing money at any point during the game, so be prepared to 

readjust your strategy. 

• Always be asking yourself whether you are winning or losing money on each round. 

• Also consider what other people may be investing and how that may affect your own 

return. You may end up subsidising other players’ payoffs if you are investing more 

than others are. 
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Appendix D 

Video rating questionnaire 

Response scale 1: 

Not at all 

1 

Very little 

2 

Somewhat 

3 

Quite a bit 

4 

A great deal 

5 

 

1. How engaged with the task did the players seem to be? 

2. Did there seem to be any tension between players? 

3. How much laughter and/or smiling was evident during the interaction? 

4. How talkative did the group seem to be? 

5. How smooth and coordinated did the interaction seem? 

6. If you were playing a game in which there were two-person teams and your goal was 

to win the game, how much would you like to be on the same team with: 

a. The Red player 

b. The Blue player 

c. The Green player 

d. The Yellow player 

 

Response scale 2: 

Very Negative 

1 

Negative 

2 

Neutral 

3 

Positive  

4 

Very Positive 

5 

 

7. What was the general mood of the group? 
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Appendix E 

Average investment 3-way ANOVA 

To examine average investment across all conditions in both experiments, we 

conducted a 3-way between groups ANOVA. Here, we entered Experiment 

(Punishment/Reward), Interaction Condition (Anonymous/Face-to-face) and Incentive Type 

(Money/Social/Both) as terms in the model. Results of this analysis showed a main effect of 

Experiment - F(1,480)=44.76, p<.001, ηp
2=.09 - investments in the Punishment experiment 

were on average larger (M=6.59, SD=1.90) than in the Reward experiment (M=5.39, 

SD=2.16). There was also a difference between the Interaction Conditions across both 

experiments, F(1,480)=7.16, p=.008, ηp
2=.01, with investment in the face-to-face condition 

being larger on average (M=6.25, SD=2.21) than that of the anonymous condition (M=5.73, 

SD=2.01) .  

Additionally, there was a main effect of incentive type F(2,480)=3.22, p=.041, 

ηp
2=.01, with players investing less in the Monetary (M=5.94, SD=2.03) and Social (M=5.73, 

SD=2.34) conditions compared to the Combined condition (M=6.29, SD=1.96). However, the 

presence of a significant Experiment by Incentive Type interaction, F(1,480)=4.96, p=.007, 

ηp
2=.02, suggests that this effect differs depending on the experimental setting 

(punishment/reward). This interaction is thus broken down further within comparative 

models in Chapters 2 & 3. 

 


