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Groups play an important role in economics. Many economic activities
take place within or between groups. This thesis describes a number of 
laboratory experiments studying group decision making in economics.
The aim of the first two experiments is to study the differences between 
groups and individuals in competitive situations. We aim to disentangle
the different possible effects of group decision making – that groups may 
make better decisions than individuals, that groups are more competitive – 
and investigate the role of the group decision making process herein.
The third experiment studies how leadership can help overcome within-
group coordination problems.
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Chapter 1 

 

Introduction: Groups in Economics 

 

Economics is the social science that studies the allocation of scarce resources. This scarcity 

means that choices have to be made. These choices are made by individuals and these 

individuals – with their preferences and constraints and beliefs and expectations about other 

individuals etc. – are the main focus of standard economic analyses and theories. The role of 

groups in economic behavior is usually neglected. Yet, groups are an important and integral 

element of society and their existence affects the behavior of individuals (Akerlof & 

Kranton, 2000; van den Bergh & Gowdy, 2009; Hargreaves Heap & Zizzo, 2009). The work 

described in this thesis starts from the premise that a better understanding of the role of 

groups in economics will help us better understand economic behavior in general.  

 

One can look at the role of groups in economic decision making at (at least) two different 

levels. First of all, many economic activities take place within groups. Decisions we make 

affect the people around us and their decisions may affect us. People often (try to) cooperate 

in groups. Competition also tends to take place in groups. Hence, there is social (group) 

aspect to many kinds of interaction, while interaction is at the core of economics. There is 

much previous work in both the theoretical and empirical literatures on this level of group 

decision making. For example, this is essentially at the core of game theory, which analyzes 

the ways in which people interact – cooperate, coordinate, compete – in (small) groups (for 

an overview see for instance Camerer 2003). 

 Secondly, many economic decisions are made by groups. For example, households 

decide what to consume and firms decide how much to invest. What characterizes these 

decisions is an interdependence within a group of both the decision to be made and the 

outcome to be reached. A single decision holds simultaneously for a (limited) number of 

people and the outcome of this decision affects all those in the group (although the costs and 

benefits of this decision are not necessarily evenly distributed across the group‟s members). 

It may be the case that all members of a group are involved in the process that determines the 

group decisions but this is not necessary (e.g., in case of leadership by one or more group 

members, non-leaders may not be included in the decision-making process). Of course, 
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groups interact with each other as well. Firms compete in markets. Governments try to 

cooperate or coordinate with each other.  

There is far less previous work on the role of groups at this second level. One reason 

for this lack of interest may of course be that the nature of the decision maker (group or 

individual) generally does not matter in a theoretical analysis. By and large it holds that what 

is rational for an individual in a particular situation is also rational when a group faces the 

same situation. In a game theoretical analysis of a situation a particular outcome is a Nash 

equilibrium independent of whether the decision maker is an individual or a group (though 

this of course abstracts from the decision making in the group itself). Behaviorally things 

may be different. In fact, from the psychology literature we know that groups often act 

differently than individuals in the same situation. Nevertheless, in experimental economics 

the role of the decision maker in decisions that, in the real world, might be taken by a group 

is usually played by a single individual in the lab. Things may be changing, however. In 

recent years there has been an increasing number of studies in experimental economic that 

look at differences between individuals and groups (e.g., Cooper and Kagel 2005, Cox and 

Hayne 2006, Kocher and Sutter 2005, 2007, Sutter et al. 2009). In his book Behavioral 

Game Theory, Colin Camerer offers a concise review of the experimental literature on 

economic games, and lists the question whether groups play the economic games the same 

was as individuals do as one of the top ten open  research questions (Camerer, 2003, p475). 

 Of course, the two approaches to the role of groups in economic decision making are 

not unrelated. What goes on within a group is likely to have an influence on the group‟s 

decisions. The reverse is also true: what happens to the group as a whole may well have an 

effect on how its members interact within the group. 

 

Both approaches to studying the role of groups play a role in this thesis. The main research 

tool used is laboratory experiments. This allows us to study group processes in a controlled 

environment. This is especially useful in studying groups, as many factors that cannot 

readily be observed in groups outside of the laboratory play a role in group decisions: the 

history of the group, the way the members of the group interact with each other, 

communication, etc.. The laboratory allows us to create groups under specific conditions, 

without a previous history, and limit the group interaction to observable channels. This 

artificiality allows us to isolate specific group-related issues, study their effect on decision-

making, and analyze the group decision-making process in detail. Of course, where useful – 



3 

 

e.g., for hypothesis forming or the discussion of results – we will also use theoretical 

insights. 

 

This thesis thus describes a number of experiments aimed at investigating the role of groups 

in economic decision making. Different experiments have distinct between-group and 

within-group focus but they also cover the interconnectedness between the two approaches. 

 The focus of the experiments described in chapters 2 and 3 is primarily on identifying 

how decisions made by groups differ from decisions made by individuals. The results of the 

existing literature on this topic can, very roughly, be divided into two broad categories: 

groups make better choices and groups make different choices. 

 The first category can be summarized by the intuition that „two (or more) heads are 

better than one‟. In fact, a major reason why many important decisions are made by groups is 

this idea that groups make better decisions. The expectation is presumably that by combining 

the different skills or bits of information that individual group members bring to the group, a 

group will typically outperform any individual decision maker. Moreover, the group 

deliberation process – the within-group discussion – may lead to insights that are out of 

reach to individual decision makers. For decisions with a demonstrably correct answer the 

argument is straightforward: assuming there is a proportion of the population that knows the 

answer, while the rest does not, then there is, statistically, a higher chance that one of n 

persons knows this answer than any randomly chosen individual. Empirical results show that 

groups are indeed better at finding a correct answer than individuals (Laughlin et al, 2003). 

According to Hill (1982) the superiority of groups with regards to problem solving – usually 

tested in the form of (crossword) puzzles, anagram tasks etc. – is the result of combining 

member resources and group members correcting each other‟s errors. In an economic 

context the problem is, of course, that it is rarely clear what a correct choice is. In fact, for 

many economic questions it seems that there is no single „correct‟ answer (e.g., because the 

optimal choice depends on preferences). 

 The second category describes the observation that people often behave differently 

when they are in a group then when they act alone. This covers not only the idea that a 

group‟s choice depends on how the individual preferences of its members are combined but 

also that by being part of a group – through the interaction with fellow group members or 

simply by belonging to a particular group – the preferences of individual group members 

may shift. Moscovi and Zavalloni (1969) for example, show that if a number of people with 

more or less the same political preferences discuss politics, the group consensus tends to 
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become more extreme than the average of the individual opinions. From an economist‟s 

perspective, an important finding in this respect is that groups often tend to be more 

competitive than individuals. This effect has been found repeatedly in experiments with 

prisoners' dilemma games (see Schopler & Insko 1992 for an overview) where groups 

choose the non-cooperative option more often than individuals.  

 Of course, playing the competitive option in a prisoners' dilemma is − in game 

theoretic terms − also a dominant strategy. It therefore cannot unambiguously be interpreted 

as being more competitive. It could also mean that groups have a better understanding of the 

game and choose in a more rational way. The experiment described in chapter 2 was 

deliberately constructed to be able to distinguish between these two interpretations. We 

compare individual- and group decisions in an inter-temporal common pool situation. With 

the decision-maker, in a way, in the role of a fisherman who has to decide how many fish to 

catch while taking the consequences of this action on the future number of fish in the pool 

into account. Thanks to a two-part design we show, firstly, that groups are better at solving 

the inter-temporal puzzle of the common pool situation but, secondly, that this advantage 

disappears in a strategic setting. We are able to attribute this latter result to a higher 

competitiveness of groups, compared to individual decision makers. Analysis of the within-

group decision making process shows that the increased competitiveness is the result of a 

combination of participants being slightly more competitive when they are part of a group 

and the median voter becoming more competitive as a result of the group decision making 

process. We also find that groups deciding by majority are more competitive than individuals 

from the start whereas groups having to decide unanimously only become more competitive 

over time.  

 The decision making process plays an even more important role in the second 

experiment, described in chapter 3. The main motivation here is that in an industrial 

organization context the different managerial styles that companies can use to reach 

decisions may influence the outcome of these decisions. In a Bertrand pricing game with the 

opportunity to form (non-binding but costly) price-agreements we compare individual 

decisions with groups having to decide unanimously, groups deciding by majority rule and 

groups where one (randomly appointed) member decides on behalf of the group. Here we 

fail to find a difference between individuals and groups in general with regards to 

competitiveness (measured in the number of price agreements and the prices chosen). But we 

do find remarkable differences across group decision-making procedures. The most 
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noticeable result is that groups with a single-member decision – the groups with a leader – 

choose higher prices. 

 This last result introduces the concept of leadership into the thesis, which is further 

investigated in the third experiment. Leadership can take different forms and can have 

different effects. The experiment described in chapter 4 considers leadership-by-example. In 

a coordination game we compare situations where groups decide simultaneously to groups 

where one of the members decides, publicly, before the rest. Having one member choose 

before the rest should not have an effect on the coordination problem but we show that it 

does have a positive effect and helps the group coordinate on better outcomes. It does not 

seem to matter whether the leader leads voluntarily or is randomly appointed. 

 

All in all, the aim of this thesis is to advance our understanding of the influence of between- 

and within-group processes in economic decision-making. Our results help disentangle the 

differences between groups and individuals in competitive situations and shine new light on 

the role of the decision making process herein. We further show how leadership can help 

overcome within-group coordination problems. More generally we hope to show the 

importance of the interlinkage of intra- and inter-group processes in understanding group 

behavior in economics. 
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Chapter 2  

 

The Tragedy of the Commons Revisited: The Importance 

of Group Decision-Making 

 

2.1 Introduction
1
 

Are groups more likely to fall prey to the tragedy of the commons (Hardin, 1968) than 

individuals? Though there is a large and abundant literature on this tragedy and other social 

dilemma‟s (for references, see Ostrom 1998; Ostrom et al. 2002), this question has never 

been raised. In fact, its analysis has to a very large extent been restricted to choices made by 

individual decision-makers. In particular, the behavior of individuals facing the commons is 

by now well understood (e.g., Herr et al. 1997). When involved in a common pool dilemma 

people often find ways to govern behavior in a more efficient way than predicted by rational 

choice theory (Ostrom et al. 1992; Ostrom 1998). Yet there is widespread evidence that 

groups behave differently than individuals in many (other) circumstances (e.g., Cooper and 

Kagel 2005, Cox and Hayne 2006; Kocher and Sutter 2005, 2007, Sutter 2007, Sutter et al. 

2009; see Kerr et al. 1996 and Kerr and Tindale 2004 for reviews of the psychological 

literature). This may be important, because in many real world examples of the tragedy of 

the commons decision makers are more likely to be groups than individuals. For example, 

fishing on common waters is usually characterized by multiple-member crews per boat as 

opposed to single fishermen and farms using common water wells are often run by families. 

As noted by, i.a., Kocher and Sutter (2005) decisions in organizations and companies are 

generally not made by individuals but by teams. We use laboratory experiments to study the 

difference in behavior between groups and individuals in this type of dilemma. 

 More specifically, the environment we are interested in is an inter-temporal common 

pool dilemma. To picture the situation, consider a lake with fish and one or more fishing 

boats. We distinguish between a non-strategic and a strategic setting. In the non-strategic 

case, there is one boat on the lake deciding how many fish to catch, and how many to leave 

in order to ensure future populations of fish. The situation where there is only one fisherman 

on the boat represents an individual decision-making environment. A crew of three 

                                                
1
 This chapter is based on Gillet, Schram and Sonnemans (2009) 
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fishermen on the boat represents the group decision-making case. In the strategic setting, 

various boats affect each other‟s earnings via the price of fish on the market (determined by 

the number of fish caught) and by the consequences of their current catch for future periods. 

Once again, each boat may have one fisherman or a crew of three. 

 A significant body of research about the differences between individual and group 

decision-making is primarily based on economic or social psychological laboratory experi-

ments. Two general conclusions are directly relevant for decisions in an inter-temporal 

common pool dilemma: (i) groups make „qualitatively better‟ decisions than individuals do; 

(ii) groups are more „competitive‟ than individuals. We discuss each of these in turn.
2
 

At first sight, the evidence about the quality of decisions by groups and individuals is 

mixed. Often, choices are compared to optimal choices as determined by some (usually ra-

tional choice) theory. A deviation from the theory is labeled a „bias‟. A question that has 

been addressed is whether groups are as prone to such biases as individual decision makers 

are. For example, Bone et al. (1999) and Rockenbach et al. (2007) find no evidence that 

groups act more in line with expected utility theory than individuals. Cox and Hayne (2006) 

even find that groups more easily fall prey to the winner‟s curse in common value auctions 

than individuals do. Moreover, Argote et al. (1990) find that group discussions amplify the 

base rate fallacy and Kerr et al. (1999) show that in many cases individual biases are ampli-

fied in groups. Sutter et al (2009) show that teams are more prone to the winners' curse. On 

the other hand, Bornstein et al. (2004) report that group decisions are closer to the rational 

equilibrium prediction in a centipede game, Cooper and Kagel (2005) show that groups act 

more strategically in signaling games and Sutter (2007) shows that groups exhibit less 

myopic loss aversion than individuals. Using a theory to define the „correct‟ choice 

obviously implies that the theory itself is „correct‟, however. For many of the theories used 

in these examples this is under dispute. On the other hand, there are tasks with a 

demonstrably correct answer (“What is the cubic root of 29791?”). In this type of problems, 

groups perform better than individuals (Laughlin and Ellis 1986; Blinder and Morgan 2005; 

for a recent overview see Laughlin et al. 2003). In the non-strategic version of our inter-

temporal common pool dilemma, there is such a demonstrably correct solution. Hence, we 

predict that groups will make qualitatively better decisions in this dilemma than individuals. 

                                                
2 The literature reports other differences between individuals and groups that are less directly relevant for our purpose: (i) 

groups are less trusting than individuals (Cox 2002; Kugler et al. 2007; Song 2005); (ii) groups are more polarized when 

measuring risk or other attitudes (see Baron and Kerr 2002 for a review); (iii) groups are (incorrectly) more optimistic than 

individuals in time prediction (Buehler et al. 2005); (iv) groups learn faster than individuals do (Kocher and Sutter 2005); 

(v) individuals and groups may differ in their preferences; for example, some find that groups‟ preferences are more other-

regarding (Cason and Mui 1997)) whereas others report the reverse (Bornstein and Yaniv 1998, Luhan et al. 2009). 
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The finding that groups are more competitive than individuals is often referred to. 

This conclusion is mainly based on a series of results obtained by Chester Insko and John 

Schopler (and various colleagues) on prisoners‟ dilemma games (e.g., Schopler and Inkso 

1992). For an overview, see Insko et al. 1998. These authors have repeatedly found that 

groups choose the competitive option (i.e., „defection‟) more often than individuals do.
3
 

Note, however, that defection is a dominant strategy in the prisoners‟ dilemma. Hence, more 

defection by groups could also be interpreted as more rational behavior. It is therefore not 

clear whether the alleged higher competitiveness of groups can be deduced from their 

choices in the prisoners‟ dilemma (or similar games). Isolating differences in 

competitiveness requires controlling for differences in the quality of decision making. This 

control is a key element of our experimental design.  

 We believe to be the first to deliberately study the competitiveness of groups versus 

individuals while correcting for differences in the quality of their decisions (which in our set-

ting reflects the rationality of the decision maker). Our experimental design distinguishes be-

tween a strategic and non-strategic setting. The non-strategic inter-temporal problem allows 

us to determine differences in the quality of decisions. In the strategic interaction part of the 

experiment, differences between groups and individuals in the quality of decisions may 

affect differences in competitiveness. Our design allows us to use the result on quality ob-

tained in the non-strategic problem to „filter out‟ the effect of competitiveness in the inter-

temporal common pool dilemma. If groups choose differently than individuals, we know 

from the first part the extent to which this is attributable to differences in decision-making 

quality. Any remaining differences can be attributed to distinct levels of competitiveness. 

 On the other hand, the extent of competitiveness of groups may depend on the 

mechanism used to reach a group decision (Bornstein et al. 2004). In particular, it may 

matter whether a group decision is reached when a majority of group members agrees on a 

particular choice or that all members have effective veto power (Blinder and Morgan 2005). 

For this reason our experimental design includes both majoritarian and unanimous group 

decision making.  

 The remainder of this chapter is organized as follows. The following section presents 

the experimental design. Our theoretical predictions follow in section 2.3. Section 2.4 

presents our results and our concluding discussion is in section 2.5. 

                                                
3 The conclusion that groups are more competitive seems at odds with the finding by Mannix & Loewenstein (1994) that 

groups playing the role of firms withdraw less from a joint fund than individuals do. The role-playing methodology used in 

this paper is very different than the other designs discussed here, however. Moreover, other explanations for the result (such 

as distinct time horizons) may also explain the result. Mannix and Loewenstein prefer the latter explanation. 
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2.2 Experimental Design 

2.2.1 General Design and Procedures 

For presentational purposes, we will sometimes refer to „boats‟ and „crews‟ when describing 

our design, even though these terms were never used in the instructions (cf. appendix 2A). 

The experiments revolve around a „pool‟ filled with „tokens‟. In every period either one or 

three boats decide how many tokens to harvest from the pool. In the one-boat case, the 

problem to be solved is basically an inter-temporal choice problem. With three boats, 

subjects are dealing with an inter-temporal common pool dilemma. We distinguish between 

three treatments in a between-subject design: one where decisions are made by individuals 

and the other where they are made by groups of three individuals. For the latter we 

distinguish between groups that decide by majority vote and groups that decide 

unanimously. When a boat has a crew of three, earnings are shared equally.  

 

 

  

 

 

 

 

 

 

 

 

 

Both treatments start with a practice period. Participants can individually try to solve the 

non-strategic inter-temporal problem (without payment). The practice period intends to 

allow participants to acquaint themselves with the workings of the model and to get a feeling 

for how to maximize their pay-offs. In this period, subjects can try the non-strategic 

intertemporal problem as often as they like. In every attempt they receive full feedback of 

the (at this stage hypothetical) payoff consequences of their choices. After the 10 minutes of 

practice the first part starts in which participants play the non-strategic problem once. The 

outcome is paid. In part 2, subjects in the experimental treatments participate in the inter-

temporal common pool dilemma three times. One of these is randomly selected for payment. 

Figure 1: Outline of the Experimental Design 

Main treatments: 

Inter-temporal 

common pool 

dilemma 

three times; one 

selected for payoff 
Instructions 

10 minutes 

individual 

practice 

(no payoffs) 

Individual 

choice 

problem 

(once) with 

payoff Control: 

Individual Choice 

problem three 

times; one selected 

for with payoff 
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Finally we added two control treatments where we test whether observed behavior in the 

inter-temporal dilemma is caused by experience. We replaced the second part by three 

additional runs of the non-strategic individual choice problem (one session for individuals 

and one for teams), one of which was selected for payoff. Figure 2.1 summarizes the time-

line of the experiment.  

Table 2.1 summarizes our sessions. 

 

 #sessions #subjects #groups decision-making Part 1 Part 2 

Main 

treat-

ments 

3 48 n.a.  individual non-strategic dilemma 

5 90 30 majority rule non-strategic dilemma 

4 72 24 unanimity non-strategic dilemma 

Con-

trol 

1 25 n.a.  individual non-strategic non-strategic 

1 18 6 majority rule non-strategic non-strategic 

 

Table 2.1: Overview of sessions and treatments 

 

The experimental currency used is denoted by „francs‟. At the end of a session francs are 

exchanged for euros. The exchange rate depended on the part of the experiment and on 

whether players were individuals or groups. For the non-strategic individual choice problem, 

the exchange rate was € 4 for each 10,000 francs for individuals and € 12 per 10,000 francs 

for crews of three (to be split equally). For the inter-temporal common pool dilemma, the 

rate was € 12 per 10,000 francs for individuals and € 36 per 10,000 francs for crews.
4
 On 

average, subjects earned € 17.06 euro in approximately 75 minutes (on top of a €7 show-up 

fee).
5
 

 

2.2.2 The Model 

Earnings are equal to revenue minus costs. Each token harvested in period t yields an 

average revenue rt for the boat determined by the inverse demand for tokens: 

(2.1) ,
4

250 t
t

h
r  

                                                
4
 We preferred to vary the exchange rate in the two parts of the experiment to varying the parameters of the 

model used in order to keep the problem itself constant throughout the experiment. 
5
 The sessions with unanimous decision making took much longer (up to three hours) than all other sessions. In 

order to minimize differences across treatments we did not want to introduce a time limit. Note that the 

majority rule sessions that we organized first did not have a time limit either. 
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where ht is the (aggregate) number of tokens harvested in period t. Average cost per token 

harvested in t are inversely related to the number of tokens in the pool: 

(2.2) ,
x

,
c

t

t

000120
 

where xt denotes the number of tokens in the pool at the beginning of period t. Net revenue 

per token, nt, is equal to average revenue minus average costs: 

(2.3) ,
x

,h
crn

t

t

ttt

000120

4
250  

Each game starts with a pool of 600 tokens (x1 = 600) and lasts for ten periods. After each 

period the number of tokens remaining in the pool grows at a rate of 10%:  

(2.4) ),(1.11 ttt hxx  

As a consequence, in any given period (except in the final period) taking out the number of 

tokens that maximizes the revenue for that period (denoted by *

th ), i.e.: 

(2.5) ,
x

,
h

t

*

t

000120
2502   

will decrease future revenues. Maximizing the cumulative 10-period revenue requires a level 

of forward lookingness where a boat foregoes immediate pay-off in favor of higher, long-

term revenue. 

 

2.2.3 The Group Decision-Making Process 

An important issue when comparing group and individual behavior is the way in which a 

group reaches its decision. There is surprisingly little attention for this issue in the existing 

literature (for exceptions, see Blinder and Morgan 2005; Bornstein et al. 2004, Bosman et al. 

2006; Kocher and Sutter 2007; chapter 3 in this thesis). In the literature referred to above on 

group versus individual decision-making, the most common practice is to use face-to-face 

discussion between group-members without formal requirements for the way group 

decisions are reached.
6
  

 In contrast, we apply a formal process of decision-making. There is no face-to-face 

discussion. Group members act anonymously. A very limited form of communication is 

                                                
6
 Bosman et al. (2006) show that in such “unitary groups” majority rule is the procedure most commonly used 

to make decisions, albeit often implicitly. Blinder and Morgan (2005) explicitly distinguish between majority 

rule and unanimity. They find no differences between the two. This may be attributable to the fact that all 

decisions are made in face-to-face group decisions, however. In fact even majority groups usually make 

unanimous decisions in their environment. Our environment provides more control for the comparison between 

majority rule and unanimity. 
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possible: group members can propose a number of tokens to be harvested. In each period, 

each member first must propose a number. When all three members have made a first 

proposal, these are simultaneously made known to the members of the group. After this, any 

and each member can adapt her or his proposal and the revision is instantaneously made 

known to others. Our design distinguishes between two ways to reach a group decision. In 

our majority rule treatment (denoted by MAJ), a group decision is reached when any two 

members of the group propose the same number. In the unanimity treatment (UNA) all three 

members need to propose the same number for a decision to be reached. There is no time 

limit for groups to reach a decision. In all MAJ sessions, groups reached decisions within a 

few rounds of proposals, however (43.6% of the decisions were reached in the first, 

simultaneous, round of proposals). In the UNA sessions 12.7% reached a unanimous 

decision immediately. It typically took much longer for groups to make a decision in UNA 

than in MAJ.
7
  

We prefer this structured method of group decision-making because of the control it 

gives over the interaction between group members. Once we know the effect of groups for 

this minimal type of communication, we can explore the additional effects of extended forms 

such as chat boxes (for an example, see chapter 3). Moreover, this controlled method allows 

us to analyze the group decision-making process in detail (cf. section 2.4.4). 

 

2.3 Theoretical Predictions 

In this section we present the optimal path for the non-strategic inter-temporal choice 

problem (section 2.3.1) and the subgame perfect Nash equilibrium for the inter-temporal 

strategic game (2.3.2). In addition, we present predictions for both cases assuming limited 

forward lookingness, i.e., decision-makers consider only a limited number of future periods. 

Unless indicated otherwise, solutions were obtained numerically. 

 

2.3.1 Part 1: Non-strategic Problem 

With only one boat per pool maximizing the cumulative pay-off is an individual choice prob-

lem. In the optimum, the marginal benefit of current harvest is balanced with that of allow-

ing the pool to grow for future harvest. The optimal strategy in the non strategic game is 

(2.6) 
10 10

1 1

120000
arg max arg max 250

4

t
t t t t

h ht t t

h
h h r c h

x
 

                                                
7
 Though in 50.4% of the cases two out of three members agreed already in the first round of proposals, single 

members often proved to be very reluctant to yield, giving a deadlock in proposals. 
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with h= (h1,h2,...h10) a vector of harvests, x1=600 and xt=1.1*(xt-1-ht-1) for t>1. The second 

equality uses eq. (2.3). 

On the other hand, decision makers may be more myopic and not take all future 

consequences of a current decision into account. A forward lookingness of only k periods 

will in period j use the strategy  

(2.7) 
max( ,10) max( ,10) 120000

arg max arg max 250
4

s k s k
k t
s t t t t

hh t s t s t

h
h h r c h

x
 

with h=(hs,hs+1,...hmax(10,s+k)) and xt defined as above. 

Table 2.2 shows the optimal (top half) and purely myopic (k=0; bottom half) 

strategies. 

 

period 1 2 3 4 5 6 7 8 9 10 Total  

optimally forward looking 

pool  600 660 726 799 878 966 1028 1035 990 890  

harvest 0 0 0 0 0 32 87 135 181 230  

earnings 0 0 0 0 0 3769 9702 13542 15120 13264 55396 

myopic 

pool  600 550 535 532 531 531 531 531 531 531  

harvest 100 64 51 49 48 49 48 48 48 49  

earnings 2500 1012 652 596 582 588 573 579 585 593 8260 

 

Table 2.2: Strategies in the non-strategic problem 

 

Following the optimal strategy leads to a total cumulative pay-off of 55396 francs. Note that 

it requires postponing the first harvest until period 6. At the other extreme of this „complete‟ 

forward lookingness, we find the completely myopic decision maker who maximizes current 

period earnings in each and every period, without taking future consequences into account at 

all (k=0). The results for this case are derived using eqs. 2.3-2.5. This leads to total 

cumulative earnings of 8260 francs. Intermediate levels of forward lookingness yield harvest 

paths between these two extremes. Appendix 2B shows how pool sizes develop for various 

levels of forward lookingness. 

A global measure of forward lookingness is the total cumulative pay-off. The less 

myopic a decision maker is, the higher her revenue after 10 periods will be. Figure 2.2 

describes the nature of this relationship. The convex shape of the earnings curve shows a 

decreasing marginal benefit of looking further ahead. For decision makers with limited 
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cognitive resources, it may not be worthwhile to look more than 2 or 3 periods ahead. 

Because earnings are monotonically increasing in the number of periods a decision maker 

looks ahead, we will sometimes use total cumulative earnings as a measure of forward 

lookingness. 
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Figure 2.2: Cumulative revenue and forward lookingness; non-strategic problem  

 

2.3.2 Part 2: Strategic Game 

In the second part of the experiment there are three boats per pool. The number of tokens 

harvested (ht in eq. 2.1) now refers to the aggregate harvest by the three boats. This situation 

is an „inter-temporal common pool dilemma‟ (cf. Herr et al., 1997). The socially optimal 

strategy for this game is for the aggregate harvest to be equal to the optimal strategy in the 

one-boat case. The dilemma arises because each player in the strategic game has the 

incentive to take out more. This will decrease the price per token but is to a certain point 

compensated by the increase in the number of tokens harvested. An additional consequence 

of harvesting more than is socially optimal is that this will decrease future pool size (eq. 2.4), 

raising future costs (eq. 2.2) and decreasing future revenue (eq. 2.1). This is an externality 

affecting all boats sharing the pool. 

 Table 2.3 shows the subgame perfect Nash-equilibrium derived assuming that every 

player is forward looking and expects all other players to be the same. This yields an 

aggregate payoff of 11716 francs per boat. A comparison to table 2.2 shows that competition 

makes boats start to harvest 2 periods earlier and that the harvest is also higher. In fact, the 

equilibrium aggregate earnings of 35148 are only 63% of the earnings in the social optimum 

(55396). 
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period 1 2 3 4 5 6 7 8 9 10 Total 

Subgame perfect Nash (optimal forward looking) 

harvest per player  0 0 0 15 35 43 46 41 33 25  

aggregate harvest  0 0 0 45 105 129 138 123 99 75  

pool size  600 600 726 799 829 796 734 656 586 536  

earnings per player 0 0 0 1328 2765 2881 2393 1489 676 184 11716 

aggregate earnings 0 0 0 3984 8295 8643 7179 4467 2028 552 35148 

Myopic equilibrium 

harvest per player  50 8 18 15 16 15 16 15 16 15  

aggregate harvest  150 24 54 45 48 45 48 45 48 45  

pool size  600 495 518 510 512 510 512 510 512 510  

earnings per player 625 13 87 52 58 52 58 52 58 52 1107 

aggregate earnings 1875 38 261 156 174 156 174 156 174 156 3321 

 

Table 2.3: Strategic game: subgame perfect Nash equilibrium and a myopic equilibrium 

 

At the other extreme, if every player is myopic and thinks that all others are myopic, a Nash-

like (myopic) best response criterion yields a series of 10 Cournot equilibria. The myopic 

Cournot harvest depends on the pool size. It can be straightforwardly derived from eq. 2.3 

that this yields .10,..,1,000,120250 t
x

h
t

it
 This prediction is displayed in the lower part 

of table 2.3.  

Similarly, we can derive Nash-like mutual best response equilibria for any given 

level of forward lookingness. We shall call such solutions n-myopic equilibria. For example, 

a 3-myopic equilibrium is a situation where each player looks three periods forward, 

assumes that all others look three periods ahead and best responds to this belief. There is 

some rationale for this „false consensus‟ of common myopia to exist. First, it does not make 

sense for an individual to assume that another player looks further into the future than she 

herself does. In that case, she would realize that one should look ahead and would do so. 

Second, assume that an individual thinks others are more myopic than she herself is. Because 

these others are depleting the pool too soon, she herself will have to harvest sooner than 

planned, i.e., act more myopically.
8
  

                                                
8
 Dropping the assumption that players assume that others are equally forward looking makes the game 

impossible to solve. Alternatively, one could consider determining the empirical distribution of choices and the 

optimal response to this distribution. Actual choice could then be compared to this optimum. This is infeasible 
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Figure 2.3 shows cumulative earnings per boat for several n-myopic equilibria. In 

this case, the gains from looking an additional period ahead increase almost linearly up to 5 

periods. Looking beyond that gives only small marginal benefits. 
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Figure 2.3: Cumulative Earnings per player in n-myopic equilibria, strategic game 

 

The two parts of the experiment allow us to compare choices by any particular participant in 

the two situations. As mentioned above, we will use the non-strategic inter-temporal problem 

to determine a level of forward lookingness for each decision maker and use this when 

analyzing behavior in the strategic case. We can do so for both groups and individuals. 

Figure 2.4 describes the relationship between predicted earnings (as a fraction of 

optimal earnings) in the non-strategic problem and the earnings (as a fraction of earnings in 

the subgame perfect Nash equilibrium) in the inter-temporal common pool dilemma.  

For instance, a decision maker looking two periods into the future will earn 84% of 

the optimum in the non-strategic problem and a pool with three decision-makers looking two 

periods ahead will, in the 2-myopic equilibrium, earn 44% of the earnings of the subgame 

perfect Nash equilibrium. The strong convexity at the upper end of the curve in figure 2.4 

reflects the earlier observations that the marginal benefits from looking one period further 

ahead are more or less constant for the strategic game but are decreasing in the non-strategic 

problem (cf. figures 2.2 and 2.3). 

 

 

                                                                                                                                                 
in the present context, however because both the empirical distribution and the optimal response depend on the 

pool size a decision maker is facing (as well as on the number of remaining rounds).  
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Note: The horizontal axis gives the fraction of optimal earnings realized in the non-strategic problem. The vertical 

 axis gives the fraction of subgame perfect earnings realized in the strategic game. Points in the graph represent 

 discrete levels of forward lookingness.  

 

Figure 2.4: Relationship between earnings in Parts 1 (non-strategic problem) and 2 (strategic 

game) 

 

If we assume that decision makers are equally forward looking in both parts of the experi-

ment and that they believe that others are equally forward looking, figure 2.4 predicts ear-

nings in the strategic game (vertical axis) based on the earnings in the non-strategic problem 

(horizontal axis). Experimental observation southeast of the curve imply that the players 

concerned are not earning as much in the strategic game as we would predict given the for-

ward lookingness observed in part 1. The reverse holds for observation northwest of the 

curve. In particular, we are interested in comparing individuals and groups in this respect. 

 

2.4 Results 

We will first present the results for the two parts of the experiment separately, and then 

discuss the relationship between the two. Unless otherwise indicated, all statistical tests are 

2-sided Mann-Whitney or Kruskal-Wallis tests, using either individual (or group) choices or 

the common pool as (independent) unit of observation. 
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2.4.1  Part 1: Non-strategic Problem 

Figure 2.5 depicts the development of the average pool size for the three treatments.
9
 It also 

shows the optimal path, reproduced from table 2.2. A first thing to notice is that in all 

treatments the average pool size is much smaller than optimal. The difference in pool size 

across treatments is statistically significant at the 5%-level in periods 9 and 10 and at 10%-

level in periods 2 and 8.  

We estimate the extent of forward lookingness for each decision-maker (be it an indi-

vidual or a group) by comparing the development of the pool size to the development for 

distinct levels of forward lookingness (cf. appendix 2B). We do so by determining the 

quadratic distance (summed across periods) between the observed pool sizes and the pool 

size for a given level of forward lookingness. The smallest quadratic distance determines the 

decision maker‟s level.  
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Note. Pool size is measured at the beginning of the period. Period 11 refers to the size after round 10 decisions. 

 

Figure 2.5: Average pool size in the non-strategic problem 

 

On average individuals look 1.26 periods forward, majority groups 1.56 periods, and 

unanimity groups 1.71 periods. Though the differences appear to be substantial, they are not 

statistically significant. Note, however, that a decision maker may make a mistake in an 

                                                
9
For the analyses of the non-strategic problem, we also use the first round data from the two control sessions 

where the non-strategic game was repeated four times. No player in any session knew what was to follow.  
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early period, but act optimally thereafter. In that case, this categorization may be 

misleading.
10

 Therefore we calculated for each observation the optimal decision given the 

current pool size and period and compared this to the actual decision. The results are shown 

in figure 2.6. 

 

Note: for each period, the graph shows the difference between observed harvest and the optimal decision, given the 

current pool size. 

 

Figure 2.6: Non-strategic problem: Observed harvest minus optimal harvest. 

 

Note that there is a tendency to harvest too much in all treatments. Only in the last period do 

decision makers tend to harvest too little. This last period shows that myopic behavior 

cannot be the only cause of non-optimality because myopia is optimal in the final period. 

The average absolute error is 47.6 for individuals (IND), 41.3 for groups with majority rule 

(MAJ), and 39.0 for groups were decisions must be unanimous (UNA). This difference is 

significant across all three groups (p=.037). Testing pair wise, the differences IND-MAJ and 

IND-UNA are significantly different at the 5% level (p=0.014, p<0.001, respectively) 

whereas the difference MAJ-UNA just misses significance (p=0.059). As a consequence of 

their better forward lookingness, the cumulative earnings of unamimous groups (33874; 

which is 61% of the maximum amount) is significantly (p=.024) higher than for individuals 

(25982; 47%). The cumulative earnings of majority groups (32311; 58%) is also 

                                                
10

 For this reason we prefer to use a different measure of forward lookingness −based on realized earnings− 

below. 
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significantly higher than for individuals (p=0.030) but the earnings difference MAJ-UNA is 

not significant (p=0.740).  

We conclude that groups make qualitatively better decisions in the non-strategic 

problem than individuals do, irrespective of the decision making procedure. Unanimous 

groups make slightly better decisions than groups deciding by majority, but this difference is 

not large enough to cause significant differences in earnings. 

 

2.4.2  Part 2: Strategic Game 

Interpreting the results of the strategic part of the experiment is more difficult than for the 

non-strategic problem. The earnings of any particular boat are very much dependent on the 

actions of the other boats harvesting from the pool. We therefore start by considering the 

aggregate earnings at the pool-level. On average individuals earned an aggregate of 9798 

experimental francs. Groups in MAJ earned on average 8223 francs per pool while groups in 

UNA earned on average 11733 francs. The difference across three treatments is statistically 

significant (p=0.017). Pair wise comparisons show that this is mainly caused by the higher 

earnings in UNA: IND-MAJ is not significant (p=0.484), whereas IND-UNA (p=0.008) and 

MAJ-UNA (p=0.021) are. 

Recall from figure 2.1 that the strategic game is played three times. Figure 2.7 shows 

the development of the average pool size for groups (distinguishing between MAJ and UNA) 

and individuals for these three games. In the first game the most noticeable feature is that 

groups deciding by unanimity allow the pool to grow much more than individuals or 

majority groups; the latter two behave similarly. In game 2, groups in UNA do not let the 

pool grow as much as in game 1, but they are still postpone harvesting longer than in IND 

and MAJ. Majority groups appear to harvest more early on than individuals, leading to 

smaller pool sizes. In game 3, differences are small but majority groups still appear to have 

the smaller pool sizes.  

These averages may cover up underlying differences, however. For each period, 

appendix 2C provides the cumulative distribution of pool sizes per treatment (averaged 

across the three games). These show that there are two countervailing forces in the strategic 

game: (i) a large majority of both individuals and groups harvest too much, too soon; groups 

deciding by majority see their pool size declining most in early periods;
11

 (ii) there is always  

                                                
11

 In 14.6% (16.7%; 16.7%) of the games with individual (majority group; unanimity group) players the pool 

size decreased below the critical value of 450 where revenue per token becomes negative. In that case players 

can only wait for the pool to grow again to a profitable size. 
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a minority that allows the pool to grow, but growth leads to larger pool sizes for groups than 
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Figure 2.7: Average pool size in the three strategic games
12

 

 

for individuals. The strongest growth is observed for groups deciding unanimously.
13

 The 

means shown in figure 2.7 imply that effects (i) and (ii) compensate each other for MAJ and 

IND the first time the strategic game is played whereas (ii) dominates for UNA. In the 

second and third games (i) is dominant in the MAJ-IND comparison, leading to a lower 

mean pool size for majority groups than for individuals. Unanimity groups are somewhere in 

between. 

In the interaction between ships on a lake, we attribute larger and earlier harvesting 

to higher levels of competitiveness. As in previous studies comparing groups to individuals 

(e.g., Insko et al. 1998), competitive behavior refers to choices that move the outcome away 

from the joint optimum. Note that in many games, rational behavior will be competitive in 

this sense (e.g., the subgame perfect Nash equilibrium of our strategic game is not socially 

optimal). The question we ask, however, is whether groups move the outcome further away 

from the optimum than individuals do (or vice versa). Using this terminology, the two most 

striking features in the comparisons between individuals and groups for our strategic game 

are that (i) groups in UNA are less competitive the first time they play the game, but by the 

                                                
12

 The „11
th

 round‟ in this graph refers to the size of the pool after the 10
th

 round (including replenishment). 
13

 The UNA groups allowing the pool to grow strongly are mainly observed in the first two games, however; in 

the last repetition, UNA groups are more or less the same as MAJ. 
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third time they are as competitive as individuals are; (ii) groups deciding by majority rule are 

more competitive than individuals, specifically the second and third time they play the 

game.
14

  

 

2.4.3  Relating part 1 to part 2: Comparing Groups and Individuals 

In part 1 we observed that groups make qualitatively better decisions than individuals do, 

i.e., groups look further into the future. Groups earned 61% (UNA) and 58% (MAJ) of the 

total possible earnings and individuals earned only 47%. Based on this, one would predict 

that groups do better (i.e., let the pool grow initially and earn more) in the strategic game as 

well. The results of part 2 show that only unanimous groups perform significantly better than 

individuals in the strategic game. Moreover, this result for UNA disappears with repetition 

of the game. Groups deciding by majority vote do not fare better in the strategic game, in 

spite of their better forward lookingness; in fact, they fare worse.  

 Before analyzing these differences in more detail, an issue to consider is that the 

timing of our experimental design may have affected these results; perhaps individuals are 

initially less forward looking than groups but quickly catch up. To investigate this, we ran 

two control sessions where the second part consisted of three repetitions of the non-strategic 

game and no inter-temporal dilemma was played (cf. figure 2.1). In one session participants 

made individual decisions, in the other they were in groups of three using majority rule to 

make a decision. Table 2.4 shows average earnings in francs per round.  

 

 Individuals (N=25) Majority Groups (N=6) 

Round 1  24840 31109 

Repetition 1 28298 34294 

Repetition 2 30029 36522 

Repetition 3 33636 39939 

Note. Numbers show average earnings in francs. Round 1 and one of the three repeti-

tions (randomly chosen) were paid.  

 

Table 2.4: Control with repeated non-strategic problem 

                                                
14

 Note that we do not discuss the cause of distinct levels of competitiveness. At least two possibilities come to 

mind. First, groups may be more inclined to reciprocate actions by other ships on the lake, i.e., they may simply 

harvest more because others are doing so. Second, there may be differences between individuals and groups 

with respect to the way in which they adapt their beliefs to observed harvests while their response to any given 

belief is the same. We leave possible explanations as an interesting avenue for future research. 
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These numbers clearly show that both individuals and groups become more forward looking 

with repetition but that groups are more forward looking in any particular repetition. Hence 

the observed differences cannot be attributed to an artifact of our design. We therefore focus 

on explaining the differences between individuals and groups in the inter-temporal dilemma. 

Using the benchmark of figure 2.4, figure 2.8 makes this difference more explicit. Recall that 

decisions southeast (northwest) of the benchmark reflect sub-(above-)par performance in the 

strategic game (i.e. part 2), given decision-makers‟ extent of forward lookingness derived 

from the non-strategic problem. 

 

 

Figure 2.8: Earnings of groups and individuals in Parts 1 and 2 

 

Figure 2.8 shows small, but interesting differences across treatments. When decisions about 

the number of tokens to harvest are made in crews of three by majority vote, most (6 out of 

10) of the observations are found southeast of the benchmark, whereas the majority of the 

individual decision makers (9 out of 16) are northwest of the benchmark. Observations in 

groups deciding by unanimity are equally split. These differences across treatments become 

larger when we consider the extent to which the observed choices in the strategic game 

deviate from the choices predicted by the harvest decisions in the non-strategic game. More 

specifically, we determined for each player in the strategic game (be it an individual or a 

group) the n-myopic equilibrium level of earnings given the forward-lookingness, n, 
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observed in the non-strategic problem. We then calculated the difference with observed 

earnings. On average, aggregated across the three strategic games, individuals earned 

slightly more (369 points) in the strategic game than expected from the non-strategic 

problem. Majority groups earned on average 799 points less than expected and unanimity 

groups earned 236 more across all three games (due to their high earnings in the first game). 

The difference across three groups is significant across all three games (p=0.07) and 

significant for the joint observations from games 2 and 3 (p=0.04). 

Because distinct levels of forward lookingness are not reflected in behavior in the 

strategic game (with the exception of unanimity groups in the first plays of the game) we 

attribute treatment effects in the strategic game to the second difference described in the 

introduction: groups are more competitive. This increased competition means that groups 

choose more myopically for their own direct, short-term earnings and take less account of 

the consequences of current harvest for future earning possibilities for their own and the 

other teams. As a consequence, earnings in the third game are only 52% (MAJ) and 54% 

(UNA) of what they would be had groups curtailed their tendency to compete and 

maintained the level of forward lookingness they showed in the non-strategic problem. In 

contrast, in the third game individuals are making 82% of the earnings they would make in 

the equilibrium that corresponds to their forward lookingness.  

The increased competitiveness of groups is most easily noticed in early periods. 

Recall from section 2.3 that in the social optimum nothing should be harvested in the first 5 

periods and in the subgame perfect Nash equilibrium the first three periods should be 

harvest-free. Increased competitiveness means harvesting earlier. To further investigate the 

difference between individuals and groups we therefore focus on behavior in these early 

periods.
15

 We distinguish between the first period (where there is no prior history for the 

pool) and periods 2-5 (where players can condition on the pool size and prior behavior by 

other players in the pool). More precisely, we use the following (random effects) regression 

equations: 

 

(2.8) 

2 2

0 1 2 3 4 5 6 7/1000 /1000

, 1,2,3; 1,.., ; 1,2,3; 1,..,5,

ij j j j j ij j

tg tg tg tg tg tgh fw g t x x x x

i j J g t

 

 

                                                
15

 In contrast, it is hard to attribute differences in harvests in later periods to competition. As the game progress-

es, the optimal harvest depends more and more on the history and the number of remaining periods. 
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where i denotes the individual participating in pool j, fw denotes the extent of forward 

lookingness in the non-strategic game
16

, g denotes the game and t the period. As before, h 

refers to the harvest and x to the pool size. Furthermore, j
gt

j
tg

j
tg xxxΔ

1
 and ε and μ are 

white noise error terms. Finally, the ‟s are parameters to be estimated. We estimate these 

parameters separately for period 1 (where 3= 4= 5= 6= 7=0) and periods 2-5. Table 2.5 

gives the results. 

 

  
Constant 

Forward-

look 
Game Period 

Pool-

size  

(Pool 

size)
2
/1000 

Δpool  

size 

(Δpool 

size)
2
/1000 

Period 

1 

Individuals 
32.77 

(3.72)*** 

-30.28 

(3.06)*** 

5.125  

(1.77)* 
-- -- -- -- -- 

MAJ: 

harvest 

42.12 

(4.18)*** 

-50.05 

(4.23)*** 

5.933  

(1.80)* 
-- -- -- -- -- 

UNA: 

harvest 

11.34 

(1.17) 

-13.53 

(1.22) 

7.81 

(2.68)*** 
-- -- -- -- -- 

MAJ:  

proposals 

43.84 

(6.63)*** 

-43.10 

(5.55)*** 

4.227 

(2.06)** 
-- -- -- -- -- 

MAJ:  

median 

36.432 

(0.94) 

-50.98 

(5.28)*** 

8.033 

(3.01)*** 
-- -- -- -- -- 

Periods 

2-5 

Individuals 
-4.369 

(0.31) 

-6.326 

(2.11)** 

-0.132 

(0.14) 

1.622 

(2.30)** 

-0.010 

(0.19) 

0.079 

(1.65)* 

-0.090 

(3.44)*** 

-0.244 

(2.41)** 

MAJ: 

harvest 

57.16 

(0.66) 

-13.27 

(2.20)** 

1.832 

(1.04) 

0.815 

(0.58) 

-0.237 

(0.86) 

0.306 

(1.38) 

-0.130 

(3.21)*** 

-1.045 

(2.32)** 

UNA: 

harvest 

-219.7 

(2.71) 

-6.213 

(1.09) 

6.352 

(3.33)*** 

1.544 

(1.14) 

0.611 

(2.41)** 

-0.381 

(1.85)* 

-0.166 

(3.70)*** 

-0.555 

(1.73)* 

MAJ:  

proposals 

-95.10 

(1.57) 

-7.704 

(1.82)* 

2.115 

(1.72)* 

1.562 

(1.59) 

0.287 

(1.50) 

-0.161 

(1.04) 

-0.071 

(2.50)** 

-0.186 

(0.59) 

MAJ:  

median 

-82.52 

(1.58) 

-11.31 

(3.10)*** 

0.781 

(1.06) 

0.743 

(0.88) 

0.263 

(1.59) 

-0.144 

(1.07) 

-0.084 

(3.47)*** 

-0.226 

(0.83) 

Note: The table gives the random effects regression results for the parameters in eq. 8. Absolute z-values are given in parentheses. 

*=significance at 10%-level; **=significance at 5%-level; ***=significance at 1%-level. The rows „Groups proposals and „Groups median‟ are 

discussed in the following subsection. 

 

Table 2.5: Harvest decisions and pool size 

 

 

                                                
16

 This is measured by the earnings realized in the non-strategic game as a fraction of the maximum. 
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For the time being, we compare the results for individuals to the harvest decisions for groups 

(rows 2/3/4 and 7/8/9). We start with period 1, which is an interesting period because players 

can not yet react to others‟ choices. The extent of forward lookingness −as estimated by 

choices in the non-strategic game− negatively affects the harvest (though not significantly so 

in UNA). Given the average values for this variable forward lookingness (0.47, 0.59, 0.61, 

for IND, MAJ, UNA, respectively), the predicted initial harvest in IND rises from 23.7 in 

game 1 to 33.9 in game 3. In MAJ it rises from 18.5 to 30.4 and in UNA from 10.9 to 26.5. 

Hence, individuals tend to harvest more than groups (in line with the larger forward 

lookingness of the latter) though the difference diminishes slightly across games.  

For periods 2-5 first note that more forward lookingness again leads to lower harvests 

(once again, not significantly so for UNA). The increased harvests across games that we 

observed for UNA is reflected in the high (and statistically significant) coefficient for the 

variable game. As for pool size (and its square), the relatively high parameter estimates for 

UNA are noteworthy. This can be mainly attributed to the large pools developed in the first 

two games. With larger pools, much larger harvests are possible.  

Note that changes in the size of the pool appear to be statistically far more important 

than the size itself. Both individuals and groups respond to shrinking pools by increasing 

harvest and vice versa (recall that most players are facing shrinking pools). We consider the 

response to (limited) changes in pool size to be an indication of competiveness in this 

setting, because it expresses the competition with other players in the pool, i.e., the response 

to others‟ previous choices. The reason why only limited changes are relevant is that large 

changes often yield pool sizes that are too small to profitably harvest. Competitiveness does 

not lead to higher harvest in these cases. This may affect the comparison across treatments. 

For rounds 2-5, majority groups face very small pools much more often than individuals or 

unanimity group.
17

 The relatively high negative coefficient for the term (∆ pool size)
2
/1000 

in the regression for MAJ reflects the impossibility to harvest large amounts for these pool 

sizes. Therefore, the most direct method of measuring competitiveness in these regressions is 

through the direct linear effect of changes in pool size. The results in table 2.5 show that this 

coefficient is much larger for groups than for individuals. The strongest linear response to 

shrinking pool size is by unanimity groups and the weakest by individuals. We conclude that 

the higher competitiveness of groups manifests itself in how they respond to shrinking pools 

in early periods. 

                                                
17

 By round 5, 53% of the groups in MAJ are confronted with a pool that is smaller than 525 as opposed to only 

27% of the individuals and 29% of the groups in UNA. 
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2.4.4  Group Decision-making 

In order to explain why groups are more competitive than individuals in the strategic game, 

we consider the decision-making process within groups in periods 2-5 in more detail. We 

restrict this analysis to groups that decide by majority. Whereas decision making by majority 

can be carefully analyzed using the median voter theorem, we have no such framework to 

guide the analysis of the unanimity rule where every group member essentially has veto 

power but (unmeasured) differences in time preferences may cause some members to yield 

to others‟ wishes sooner than others.
18

  

We investigate three reasons why groups may be more competitive than individuals 

when group decisions are made by majority vote. First, individuals may be more competitive 

when they are in groups than when they are not. Second, the distribution of preferences in a 

group may be skewed, causing the median preference to be different than the average 

preference in a group.
19

 Third, the median voter may be willing to deviate from her initial 

preference when the group has to make a decision. We will investigate these three 

possibilities in turn, using the group decision-making data from our experiment. Recall that 

the group negotiations start with a round where each of the three individuals proposes a 

number to harvest. As a starting point, we assume that these first round proposals represent 

the individuals‟ preferences
20

.  

 We investigate the first possibility (that individuals are more competitive when in 

groups) by considering the average initial preference of each group in each round. The rows 

in table 2.5 denoted by „MAJ: proposals‟ show the way in which the average group 

proposals respond to the development of the pool (i.e. in eq. 6 the dependent variable is 

replaced by the average initial proposal in the group). A first thing to note here is that the 

results correspond closely to the results for individuals. In other words, even though groups 

respond more competitively to changes in the pool size than individuals do, individuals react 

to these changes in similar ways, irrespective of whether they are in groups.
21

 The fact that 

these comparative statics are the same (i.e., the coefficients in table 2.5 are similar) does not 

                                                
18

 The lack of a framework to analyze UNA is a direct consequence of the fact that we had to adopt the design 

for unanimity groups to that used in MAJ (cf. footnote 5). 
19

 For example, in one of our groups in round 2 (facing a pool size of 550) the proposals were 10, 40 and 50, 

yielding an average of 33 and a median of 40).  
20

 It is easy to see that proposing one‟s own preference in the first round is an equilibrium strategy if the 

conditions of the median voter model are fulfilled. Voters know that if it turns out that they have the median 

preference, this is what they should propose. If not, their preference doesn‟t matter (given the strategies of the 

other players). 
21

 We cannot directly compare across rounds average individual proposals in the group treatment to choices in 

the individual treatment because these decisions are affected by pool size and changes therein. 



29 

 

necessarily mean that the average harvest preferred by individuals in groups is the same as 

the average harvest of individuals acting as single member crews. In fact, the estimates in 

table 2.5 imply that the average individual proposes a higher harvest when participating in a 

group than she chooses when deciding alone; for pool sizes between 500 and 700 and 

changes between –75 and +75
22

 individuals always prefer a higher harvest when in the 

group. Across the three games and 4 periods (2-5) the mean predicted difference is 3.7 units. 

The difference is highest in the third game, where the regression results predict a difference 

of 7 units. We conclude that individuals prefer to harvest more when they are in groups than 

when they act alone.  

The second and third explanations for the higher competitiveness in MAJ are related 

to the majority rule used to reach decisions. In this case, the median preference is the 

expected outcome. For a first comparison, we estimated the relationship between the median 

proposal and (changes in) pool size in the same way we did above (cf. the rows in table 2.5 

denoted by „MAJ: median‟). Once again, the response of the median proposal to the pool 

size and its changes is very similar to the decisions by individuals. In this case, the levels are 

also similar: median proposals are very close to individual harvest and (generally less than 

one unit apart for various pool sizes). Hence, whereas in all relevant circumstances the 

average individual would prefer to harvest more when in a group, this does not hold for the 

median individual in the group. This can also be tested directly. Averaged across all groups, 

the median group proposal is lower than the average group proposal in every period, 

indicating that the median proposal is typically closer to the lower proposed harvest than to 

the higher. Wilcoxon signed rank tests show that this difference is significant at the 1%-level 

in four out of the first five periods. Apparently, the median outcome diverges from the 

average outcome. Note that this is in the opposite direction than hypothesized above. 

Whereas we conjectured that the higher harvest by groups might be due to the median 

preference being higher than the average, what we observe is the reverse. This compensates 

for the higher average proposed harvest in groups and brings the predicted group harvest 

back to the observed harvest by individuals.  

Because we know that groups tend to harvest more, the median voter must deviate 

from her initial preference. This is the third possible explanation for the higher competitive-

ness of groups. Recall that our subjects do not directly vote on the three initial proposals. 

After all group members have entered such a proposal, these are simultaneously revealed to 

                                                
22

 Across all rounds and treatments 81.2% of our observations are within these boundaries. 
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the three members. Subsequently, individuals can propose new numbers, which are 

immediately conveyed to the others. When two individuals propose the same number, this 

determines the group‟s harvest. In our experiment this process leads the median voter to 

depart from her initial preference. On average in periods 2-5, the median voter is willing to 

add 3.1 units to her initial preference in these group negotiations.  

All in all, the process that is causing groups to harvest more early on is as follows. 

Initially, the average individual wants to harvest more than when not in a group. This is 

typically caused by one of the three individuals wanting to harvest (much) more, irrespective 

of the pool size and its changes. Even though the median voter does not initially intend to act 

differently than when alone, she lets herself be convinced in the negotiations phase to 

harvest more. This process reinforces itself. The increased harvest in one period makes 

groups want to harvest even more in the next (cf. the MAJ: harvest results in table 2.5).  

One reason why the median voter may be willing to change her position lies in the 

role of social norms. If taking out too much from a common pool is frowned upon, this 

might restrict the harvest individuals intend to take. In a group, this social norm may affect 

the median voter to a lesser extent for two reasons. First, she may feel that she is helping co-

members by accepting a higher harvest. Second, she sees one co-member preferring to take 

out more than she suggested. Both effects serve to diminish the effect of the social norm, 

making it easier for the median voter to depart from her original proposal and accept a higher 

harvest.
 23,24

  

 

2.5  Conclusions 

The two results from our experiments that stand out are that (i) groups make qualitatively 

better decisions than individuals when there is no competition with other players in an inter-

temporal common pool environment; and (ii) in an environment with other players groups 

deciding by majority rule act more competitively than individuals while unanimous groups 

                                                
23

 We can compare these conclusions to the group decision process in the non-strategic problem. There, 

individuals harvest on average 36.5 units in periods 2-5. When in groups, the average initial proposal is slightly 

higher at 38.6. The median proposal is much lower: 32.4. Contrary to the strategic case, the median is not 

convinced to deviate much, however: average harvest is 33.4. Note that social norms will be much less 

important in this case, because there is a „correct‟ solution and no common pool where extraction harms other 

players. 
24

 Alternatively, one might consider the possibility that group polarization is causing the median voter to shift. 

This is said to occur when an initial tendency of individual group members in a given direction is enhanced 

following group interaction (Isenberg 1986). Two explanations for this phenomenon have been successful: 

persuasive argumentation and social comparison theory. The former is not applicable to our setup because in 

our design no arguments are exchanged. According to social comparison theory interaction will enhance a 

group norm. If the group norm is to „take care of the in-group‟ this may explain the shift. 
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become more competitive with repetition. The aggregate result of groups making better 

decisions and being more competitive is that competition between groups yields lower levels 

of efficiency than competition between individuals in an inter-temporal common pool 

dilemma, though for unanimous groups this decrease in efficiency is only observed after 

repetition. To the best of our knowledge our design is the first that allows one to 

unambiguously filter out the effect of differences in decision quality between individuals and 

groups when studying the higher competitiveness of the latter. 

 For decisions by majority rule, we concluded that the median voter model applied to 

initial preferences does not explain group choices. The negotiation process affects the 

median position even in the (intentionally) highly structured environment of our 

experiments. Note that the control offered by the laboratory setting allowed us to carefully 

disentangle the group decision-making process. This would not have been possible had we 

used face-to-face negotiations as typically applied in group decision-making experiments. 

These have the disadvantage of a complete loss of control over both the negotiation and the 

decision-making procedures. In contrast, we are able to attribute the higher competitiveness 

of majority groups to their response to decreasing pools in the early rounds (where theory 

prescribes increasing pools and no harvests). In a typical group, there is one individual 

suggesting a large harvest and the median voter initially not predisposed to harvest too 

much  allows herself to be (partly) convinced by this extreme position.  

The differences between unanimity groups and majority groups are also of interest. 

Though the quality of their decisions hardly differs (both make better decisions than 

individuals do), the competitiveness of majority groups is not directly observed for groups 

that decide by unanimity. Only with repetition of the game do the latter lose the advantage 

that the higher quality (compared to individuals) of their decisions gives them in the inter-

temporal social dilemma.  

Combined, our results open interesting avenues for further experiments. First, they 

show the importance of studying alternative negotiation processes when applying majority 

rule. Second, they imply that other group decision-making procedures may resolve the 

difference in competitiveness between individuals and groups. In the next chapter, we will 

show that groups where a dictator makes the decision are less competitive than individuals 

facing the same situation. Combined with the results presented here this means that the 

often-cited conclusion by Insko and Schopler (e.g., Insko et al., 1998) that groups are more 

competitive needs to be considered with a caveat. There is no reason to believe that it will 
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hold for other decision-making procedures than majority rule. As observed, even for 

unanimity rule repetition is needed before one can conclude that groups are more 

competitive. 

 All in all, when decisions are made by majority rule groups most easily fall prey to 

the tragedy of the commons. Given that decisions in this environment are often made by 

groups and that majority voting is a rule that is often used, this result has consequences for 

the way we think about common pool dilemmas. The literature has always focused on the 

interaction between individuals in these dilemmas. Though excessive depletion of the pool 

has been observed in laboratory experiments, it has also been recognized that harvests are 

typically less than self-centered rational choice theory predicts. Moreover, individuals often 

find „spontaneous‟ ways to regulate the common. Given our results, it is questionable 

whether the conclusions of the previous literature can be generalized to the world outside of 

the laboratory. When doing so, one needs to take the higher competitiveness of groups into 

account. 
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Appendix 2A: Instructions  

 

At the start of the experiment 

 

You are about to participate in an experiment on decision-making. You will be able to earn 

money in this experiment. How much you earn depends on your decisions and on the 

decisions of the other participants in the experiment. 

 

It is important that you understand these instructions thoroughly. We ask you to read them 

carefully. The instructions use numerical examples. These are for illustrative purposes only; 

they have no particular relevance regarding the experiment. During the experiment you are 

not allowed to communicate with the other participants in any way. 

 

Introduction 

The experiment revolves around a pool filled with tokens. The experiment consists of a 

number of rounds, which in turn consist of 10 periods each. You will be part of a team of 

three people who will be able to earn an amount each period by taken tokens out of the pool. 

We will explain the way in which a team reaches a decision later. First we cover the 

decision-making process that the team is involved in. The team earns an amount per token 

taken out of the pool. Taking a token out of the pool also costs something. After each period 

the amount of tokens in the pool grows with a fixed factor. 

 

In the experiment all amounts are expressed in francs. To keep things simple all amounts 

will be expressed in whole francs. At the end of the experiment the number of francs you 

have earned will be exchange for euro‟s. You will learn the exact exchange rate later.  

 

Costs 

How much it costs to take a token out of the pool depends on how many tokens are in the 

pool. The fewer tokens there are in the pool, the higher the costs. When there are many 

tokens in the pool the costs per token are lower. Within a particular period the costs per 

token are the same. The cost per token will be calculated according to the following formula: 

 

cost per token = 120.000/(number of tokens in the pool) 
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Some examples: if there are 550 tokens in the pool taking out a token costs 120.000/550 = 

218fr.. When there are 750 tokens in the pool it costs 160fr (120.000/750) per token to take 

them out. 

 

Earnings 

Your earnings per token depend on how many tokens are taken out of the pool in a period. 

The more tokens are taken out in a particular period, the lower the earnings. The fewer 

tokens you take out of the pool in a particular period, the higher the earnings. Your earnings 

are the same for each token you take out of the pool. These earnings will be made public 

after you have taken the tokens out of the pool. The earnings will be calculated according to 

the following formula: 

 

earnings per token = 250 – 0.25 x (number of tokens taken out of the pool) 

 

Some examples: if you decide to take out 25 tokens in a particular period, the earnings per 

token are 250 – 0.25 x 25 = 244fr.. If you take out 400 tokens, the earnings are 150fr. (= 250 

– 0.25 x 400) per token. 

 

Profit 

Your profit for each token taken out of the pool is equal to the earnings minus the cost. 

So, your total profit in a particular period is: 

 

the number of tokens you take out of the pool 

times 

[the earnings per token minus the cost per token] 

 

Some examples: 

 

Assume there are 700 tokens in the pool and you take out 150. Per token you earn 

250 – 0,25*150 = 213fr., while they cost you 120.000/700 = 171fr. each. Your profit per 

token is 213 – 171 = 42fr.. Your total profit is 150*42 = fr.6300. 
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If there are 700 tokens in the pool and you take out 200 you earn, per token, 250 – 0,25*200 

= 200fr., while they cost you 120.000/700 = 171fr. each. Per token your profit here is 200 – 

171 = 29fr. and your total profit is 200*29 = fr.5800. 

 

Assume now there are 500 tokens in the pool and you take out 50. You earn 250 – 0,25*50 = 

238fr., while they cost you 120.000/500 = 240fr. each. Per token you lose 240 – 238 = 2 fr.. 

Your total loss in this case is 50*2 = 100 fr.. 

 

Growth 

Each round starts with a pool with 600 tokens and lasts for 10 periods. After each period the 

number of tokens still in the pool will be replenished with factor 1.1. For example, if there 

are 500 tokens in the pool in a particular period and you take out 100, there will be (500 – 

100) x 1.1 = 440 tokens in the pool in the next period. 

 

You don‟t have to take out tokens in each period. You can choose to take 0 tokens out of the 

pool. You cannot take out more tokens then there are in the pool. If you take out exactly the 

number of tokens there are in the pool, the round ends. 

 

You will get enough time to practice and the formulas will be shown on the screen the whole 

time. 

 

Phases 

The experiment consists of three phase: 

1. PRACTICE PHASE – where you will get the chance to practice, on your own, for 10 

minutes in order to get familiar with the rules and to get an idea of how you can maximize 

your earnings in 10 periods. After each round of 10 periods your earnings will be reset to 0 

and the number of tokens in the pool to 600. You won‟t be paid in this phase. 

2. FIRST PHASE – where you will play one round, as part of your team, and your earnings 

will be paid. Who the other people in your team are and how the team decisions come about 

will be explained after the practice phase. 

3. SECOND PHASE – where will change the rules slightly. This will be explained later. 
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After the practice phase 

 

This concludes the practice phase. We will now play one round whereby you will be paid.  

 

(Team  condition only) 

From now on you will not decide alone any more, but you are part of a team of three people. 

Each period you will have to decide collectively how many tokens you want to take out of 

the pool. The profit you earn as a team will be divided equally among the three team 

members after the experiment. Each franc your group will earns in the round you are about 

the play will be exchanged for 12 euro‟s at the end of the experiment. You will share these 

earnings equally with the other members of your team. 

 

The teams are randomly made up out of the participants of the current experiment. For the 

remainder of the experiment you will be in a team with the same people. You are player 1. 

We call the other members of your team player 2 and player 3. 

 

The team decision-making process goes as follows: 

 

Instead of directly deciding how much tokens to take out of the pool (as in the practice 

phase) you are now asked to make proposals. After every member has made a proposal and 

clicker „okay‟, all see the three proposals made. After this first round of proposals, your 

fellow team members will see how much you think should be taken out of the pool 

immediately after you click „okay‟ and vice versa you will be able to see what the other 

members of your team propose as soon as they make a proposal. When two members of the 

team propose the same number of tokens to take out of the pool this will be accepted as the 

team decision. 

 

Again, you will start with a pool with 600 tokens and a round consists of 10 periods.  

 

After phase 1 

 

In this second phase of the experiment we change the rules slightly. From now on you share 

the pool with two other teams, also consisting of three players each. The way in which costs 
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and earnings are calculated and how the size of the pool develops will stay the same, but 

these are now the result of the decisions of all three teams that are active in the pool together. 

You are still a member of the same team as in the previous phase and the way in which the 

team decision comes about will not change either. You are team A. The other teams with 

whom you share the pool we call team B and team C. For the remainder of the experiment 

you will share the experiment with the same teams. Each franc your group will earns in the 

round you are about the play will be exchanged for 36 euro‟s at the end of the experiment. 

You will share these earnings equally with the other members of your team. 

 

It is still the case that the more tokens are taken out of the pool the lower the earnings you 

will receive per token. But this now depends on the total number of tokens taken out of the 

pool by all three teams. 

 

For example, if you take 50 tokens out of the pool in a particular period, the second team 60 

and the third 70, the earnings, per token, in this period are: 250 – 0,25*(50 + 60 + 70) = 

205fr..  

 

Another example: if you take out 120, the second team 100 and the third 200, the earnings 

are 250 – 0,25*(430) = 145fr. per token. 

 

The costs of taking a token out of the pool still depend on how many tokens there are in the 

pool at the start of the period. To remind you, the corresponding formula is: 

 

cost per token = 120.000/(number of tokens in the pool) 

 

Again, the number of tokens in the pool is replenishes after each period with a factor 1.1 and 

a round consists of 10 periods. In this phase you will play 3 rounds of 10 periods in a row. 

Afterwards we will randomly select one of the rounds to be paid out. What you have earned 

in the previous PHASE still stands. 

 

The decisions will be made simultaneously in each period. So you will not know how many 

tokens the other two teams will take out of the pool when you are making your decision in a 

particular period. Only when all three teams have made their decision will the costs and 

earnings be calculated and will you learn how much you‟ve earned but also how many 



38 

 

tokens the other teams have taken out of the pool and how much they have earned by doing 

so. 

 

If the three teams combined try to take out more tokens then there are in the pool the round 

ends. The pay-out procedure in this period will then be as follows: the cost and earnings per 

token will be based on the maximum number of tokens that could be able to be taken out at 

that instance, which means on how many tokens there are in the pool. If there are X tokens in 

the pool, the cost per token are 120.000/X and the earnings per token are 250 – 0.25 x X. 

Randomly one team will be appointed to be allowed to take its planned number of tokens out 

of the pool. If there are still tokens left one of the other two teams will be appointed to take 

out its token. If there are still tokens in the pool after this, these will be for the third team. All 

three teams will earn 250 – 0,25 x X – 120.000/X per token. This will be the end of the 

round.  
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Appendix 2B: Forward Lookingness and Pool Size 

 

One way to distinguish between levels of forward lookingness is by considering the deve-

lopment of the pool size, assuming optimal choices given the number of periods the decision 

maker looks ahead. In this appendix we present the development of pool size for distinct 

levels of forward lookingness. We do so separately for the strategic and non-strategic cases.  

 

B.1.  Non-Strategic Problem 

Figure 2B.1 shows how the pool size develops for various levels of forward lookingness, 

when there is only one player harvesting form the pool.  

 

500

600

700

800

900

1000

1100

1 2 3 4 5 6 7 8 9 10

period

po
ol

 s
iz

e

0 periods

1 period

2 periods

3 periods

>=4 periods

 

Figure 2B.1: Dynamics of pool size and forward lookingness; non-strategic problem  

 

The development of the pool size is the same whenever the decision maker looks 5 or more 

periods ahead.
25

 In these cases, optimal play involves harvesting nothing in periods 1-5 (cf. 

table 2.1). Of course, for any level of forward lookingness, the optimal harvest depends on 

the pool size, i.e. on the history of the game. As soon as a decision maker departs from one 

of the graphs above, it will be hard to attribute her behavior to any particular level of 

forwardlookingness. For this reason, we use aggregate earnings as an indicator of this level 

in the main text. 

 

                                                
25

 The difference between 4 or 5 periods ahead is too small to show in the figure. 
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B.2.  Strategic 

Figure 2B.2 depicts the development of the pool size in the Nash equilibrium, and for a 

variety of n-myopic equilibria. An n-myopic equilibrium is a situation of mutual best 

responses where that each player looks n periods ahead and assumes that others do the same. 
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Figure 2B.2: Dynamics of pool size and forward lookingness; strategic game 

 

Note the differences with figure 2B.1. First of all, for any given extent of forward 

lookingness, pool sizes remain much lower when there is competition. Moreover, figure 

2B.2 shows an end effect occurring whenever the decision makers manage to let the pool 

increase in size: players foresee that others will withdraw and try to „beat them to it‟. In 

equilibrium, this leads to an earlier depletion of the pool than we observed in figure 2B.1. 

Finally, note that players have to look at least 3 periods ahead for the pool to increase above 

its original size. 
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Appendix 2C: Groups and Individuals: Pool Size Differences 

 

In this appendix we consider how the distribution of pool sizes develops across periods for 

individuals and groups. Table 2C.1 shows the cumulative distributions across 7 categories of 

pool size for the aggregated data from the three games.  

The table shows that most majority groups start to harvest more than individuals from 

period 3 onward. By the time they have reached period 5, 53% of these groups have seen 

their pool size drop below 525. For individuals, this is only 27%. Unanimity groups are have 

a similar number as individuals (29%) but almost half of these (13%) have extremely 

depleted pools smaller than 475 (as opposed to 2% if the individuals and 3% of the majority 

groups). On the other hand, there are also many more unanimity groups that have allowed 

the pool to increase above 725 (12%, as opposed to 7% of the majority groups and only 4% 

of the individuals). In short, the distribution for UNA is flattest. And MAJ is the treatment 

where pool sizes most often shrink in the first five rounds. We conclude that in early periods 

more majority groups end up with low pool sizes. However, the minority of groups that 

allow the pool size to grow across periods let it grow further than individuals do. Unanimous 

groups are most extreme in differences in pool size.  
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  Pool Size 

Period Treatment <474 475-524 525-574 575-624 625-674 675-725 >725 

1 Individual 0 0 0 100 100 100 100 

Majority 0 0 0 100 100 100 100 

Unanimity 0 0 0 100 100 100 100 

2 Individual 10 17 48 86 100 100 100 

Majority 3 20 43 80 100 100 100 

Unanimity 4 8 29 75 100 100 100 

3 Individual 2 31 56 77 94 98 100 

Majority 10 27 54 83 90 93 100 

Unanimity 0 13 42 58 88 100 100 

4 Individual 4 25 65 77 92 94 100 

Majority 7 27 73 83 90 90 100 

Unanimity 13 21 58 75 83 88 100 

5 Individual 2 27 69 81 96 96 100 

Majority 3 53 77 90 90 93 100 

Unanimity 13 29 67 75 83 88 100 

6 Individual 6 40 71 86 98 98 100 

Majority 10 37 80 93 93 97 100 

Unanimity 4 25 63 79 88 92 100 

7 Individual 8 44 73 90 98 98 100 

Majority 7 43 87 97 100 100 100 

Unanimity 8 21 75 88 92 96 100 

8 Individual 8 50 79 92 100 100 100 

Majority 10 63 93 100 100 100 100 

Unanimity 0 32 91 94 100 100 100 

9 Individual 6 50 86 92 100 100 100 

Majority 10 60 100 100 100 100 100 

Unanimity 4 35 100 100 100 100 100 

10 Individual 8 65 92 98 100 100 100 

Majority 13 57 100 100 100 100 100 

Unanimity 13 54 100 100 100 100 100 

Note: Numbers give the cumulative percentage per category, for each period and treatment. 

 

Table 2C.1: Cumulative distribution of pool sizes 
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Chapter 3 

 

Cartel Formation and Pricing: The Effect of Managerial 

Decision Making Rules 

 

3.1 Introduction
26

 

To what extent is the formation and the stability of cartels affected by the managerial 

decision making process within the participating firms? Whereas the experimental literature 

has focused on the effects of institutional factors and costs, the role of the firms‟ hierarchal 

structure has not been considered.
27

 On the contrary, following the tradition in economic 

theory, in industrial organization (IO) experiments the firm is usually represented by a single 

individual making all decisions. In this chapter, we break with this tradition and focus on 

how the decision to join a cartel as well as the subsequent pricing decision are affected by 

the way in which a firm makes its decisions. 

This is important, because the management of firms outside of the laboratory 

typically consists of more than one person. Often, an executive board is responsible or at 

least consulted  in the decision making process. In addition, the outcome of the decision 

usually affects not just one individual but the whole company. One can therefore not simply 

assume that findings for individual participants in an experiment automatically hold for 

group decision contexts. Moreover, when decisions are made by groups, the procedure by 

which they decide may have an important impact on the decision (Bornstein et al. 2004; 

chapter 2 of this thesis). We will therefore not only distinguish between decisions made by 

individuals and by groups but in the latter case also consider distinct group decision making 

rules.  

 There is in fact quite some evidence pointing at differences between individual and 

group decision-making (see for instance, Kerr et al 1996 and Kerr & Tindale 2004 for 

reviews of the psychology literature). One important finding especially in an IO context  is 

                                                
26

 This chapter is based on Gillet, Schram and Sonnemans (2011) 
27

Examples of recent experimental studies on the formation of cartels are Apesteguia et al. (2007) and 

Hinloopen & Soetevent (2008) who study the effects of leniency programs and Andersson & Wengström 2007, 

who study the effects of varying the cost of communication.  
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that groups are more competitive than individuals. This finding, dubbed the Discontinuity 

Effect, has mainly been advanced in research by Chester Insko, John Schopler and their 

various co-authors (eg. Schopler & Insko 1992; see Insko et al. 1998 for an overview of this 

research). The authors repeatedly show that groups choose competitive options (in a 

prisoners‟ dilemma environment) more often than individuals do. Their explanation is 

twofold. Firstly, they argue that groups are less trusted than individuals. When someone 

interacts with a group, so-called „negative outgroup schemas‟ are activated, causing distrust 

and fear about the expected competitiveness of the other group. Expecting the opponent to 

be competitive makes it less advantageous for the decision-maker to act cooperatively. 

Additionally, these authors argue that groups are more selfish than individuals in situations 

where they expect cooperation by the others. They contend that greedy decisions exploiting 

others violate norms and principles regarding equity and reciprocity and that making 

counter-normative decisions is easier in the context of a group than individually.  

Experimental studies in economics confirm the notion that groups are more 

competitive (i.e., less cooperative) than individuals. Groups have been shown to behave less 

cooperatively in the ultimatum game (Bornstein & Yaniv 1998; Robert & Carnevale 1997) 

and the trust game (Song 2008; Kugler et al. 2007), for example. Using a common pool 

environment, chapter 2 supports this finding of higher competitiveness amongst groups.  

Given its importance, it is surprising how little attention has been given to the role of 

group decision making in the experimental IO literature. There are a few noteworthy 

exceptions, however. These typically use majority rule as the structure by which decisions 

are made. The results vary. On the one hand, groups in a Bertrand pricing game converge 

more slowly to the competitive equilibrium than individuals do (Bornstein and Gneezy 

2002).
28

 In addition, groups more easily fall prey to the winner‟s curse in common value 

auctions than individuals do (Cox and Hayne 2006; Sutter et al. 2009). On the other hand, 

groups behave significantly more strategically than individuals do in a signaling game 

(Cooper & Kagel 2005). Hence, the jury is still out on the difference between groups and 

individuals in an IO context. 

Moreover, the extent of the competitiveness of groups also depends on the 

mechanism used to reach a group decision (Bornstein et al. 2004). First, it could matter 

whether a group decision is reached when a majority of group members agrees on a 

                                                
28

 These authors focus on how the procedure by which the firm‟s earnings are divided across the group affects 

the results. In a sense, their experiment is not really about group decision making because the aggregate price 

decision is simply the sum of the members‟ prices, implying that competition may even play a role within the 

group. Also, note that Bornstein and Gneezy do not study cartel formation in their Bertrand game. 
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particular choice or that all members have effective veto power.
29

 Second, we need to 

consider another way in which groups make decisions. In the case of firm decision making, 

decisions are often made by a single individual, the CEO. This is still different than 

individual decision making because the CEO will typically discuss issues with board 

members before making a decision. Moreover, her decisions affect others in the group as 

much as they affect her. We therefore include in our experiment treatments where a single 

individual makes the decision for the whole group, after consultation. 

 The remainder of this chapter is organized as follows. Section 3.2 describes our 

experimental design and procedures. This is followed by a formulation of our research 

hypotheses in section 3.3. Section 3.4 present and analyzes our results and section 3.5 

contains concluding remarks. 

 

3.2 Experimental Design and Procedures 

186 subjects participated in the experiment at the CREED Laboratory of the University of 

Amsterdam. Including a €5 show-up fee, subjects earned on average €15.30 in sessions that 

lasted between 45 and 90 minutes. Subjects were randomly assigned to one of the four 

treatments to be described below. Earnings in the experiment are in „points‟. Each 

participant starts with an endowment of 6 points and may earn more (or lose some) across 10 

rounds of play. At the end of the experiment the aggregate number of points earned is 

exchanged for euro‟s at a fixed exchange rate.
30

 All of the following procedures are common 

knowledge and explained in the computerized instructions. A translation of the instructions 

is included in appendix 3A. 

The environment in which we study cartel formation is a Bertrand Pricing Game 

(Hinloopen & Soetevent, 2008). Participants play the role of a producer, with three 

producers per market. A producer is either represented by a single participant or by a group 

of three participants working together. For ease of presentation we will refer to these 

producers be they individuals or groups  as firms even though we did not use this term in 

                                                
29

 Two studies cast some doubt on whether this difference affects group decisions, however. Blinder & Morgan 

(2005) find that majority and consensus groups behave practically indistinguishable in their monetary policy 

experiment. In chapter 2 of this thesis the higher competitiveness by groups holds both when decisions are 

made by consensus and when they are subject to majority rule. In the former case, higher competitiveness is 

only observed after repetition of the game, however. 
30

 The exchange rate varies across treatments; points are worth three times as much when participants make 

decisions in groups of three (to wit, €1.50 per point) than when they do so individually (50 cents per point). 

Since group earnings are divided equally by group members, earnings at the participant level are comparable 

across all sessions. 
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the instructions or in the user interface of the experiment. As usual in economics 

experiments, the game was purposely explained in neutral terms.  

In each of the ten decision rounds of the experiment, each firm can produce one unit 

of a good at marginal costs equal to 90. The firms simultaneously choose a price p
f

{91, 

92,…, 102}. The firm choosing the lowest price sells its good on the market and earns p
f
 

−90. The other firms produce and earn nothing. If two or more firms choose the same lowest 

price the earnings are divided equally between them. 

 Firms can form a non-binding cartel, which is simply a mutual promise amongst the 

three firms in a market to choose the highest price, 102. If and only if all three firms in the 

market choose to enter a price-agreement, a cartel is formed. If a cartel exists in a round, 

firms are shown –before deciding on a price– an announcement stating that there is an 

agreement to choose the highest price. If there is no cartel, a similar message says there is no 

agreement. 

In each round there is a probability of 15% that a cartel will be discovered by the 

„authorities‟.
31

 The probability of being discovered is independent across rounds and 

markets. Cartel discovery is determined randomly after the firms have chosen a price and 

sold their good. Whenever a cartel is discovered, any firm that sold their good in that round 

pays a fine of 0.12*p
f
. Hence, if a cartel is discovered the firm choosing the lowest price 

earns (or loses) 0.88*p
f
 − 90. Firms without sales pay no fine. If two or more firms choose 

the lowest price the fine is also divided equally. 

If a cartel exists in a particular round and is not discovered, the firms are not asked to 

decide again whether or not to join a cartel. The existing cartel remains active in the next 

round and can still be discovered and fined. The firms are reminded of the existence of their 

promise to choose the highest price before making their price decision in the subsequent 

round.  

In summary, firms make two decisions in each round: first, if applicable, whether or 

not to form a cartel and second, after learning whether or not a cartel exists, what price to 

charge for their good. Aside from the announcements regarding price agreements there is no 

communication between firms. Further information in the experiment is limited. For the 

decision about cartel formation participants are only told whether or not all three firms voted 

for a cartel; if a cartel is not formed, firms are not told who, or how many firms opposed it. 

As for pricing, after choosing a price firms only learn: (i) the lowest price; (ii) whether they 

                                                
31

 This percentage is based on Bryant & Echkhard‟s (1991) empirical estimation that in any given year 

somewhere between 13 and 17% of the existing cartels (in the U.S.) are discovered. 
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were the firm that chose the lowest price; and, if so, (iii) whether they were the only one 

choosing the lowest price. After the lowest price has been revealed, firms learn (if 

applicable) whether their cartel has been discovered or not. Only the firms who pay a fine 

know the size of their fine. 

 There are four treatments: a benchmark where firms are represented by individuals 

and three where each firm is a group of three participants. Participants in a session are 

randomly appointed to a market and (if applicable) group. For groups, we vary the group 

decision-making rule. The three treatments we distinguish between have the following 

characteristics in common. Each firm consists of three individual participants, deciding 

collectively what to do and sharing firm earnings equally. Hence, any market consists of nine 

participants divided into three firms of three. Before each decision a firm has to make (i.e., 

cartel formation and pricing), the three participants are allowed to communicate within their 

group via a chat application. Group-members can exchange messages for three minutes at 

each instance (except for the first round, where they had two chat-periods of five minutes). 

Subjects are free to chat about anything but are told to refrain from revealing their 

identity.
32

,
33

After the chat-period each group-member has to enter her or his choice. How the 

three choices determine the group decision is a way that varies across treatments. 

The group treatments vary by their group decision-making procedures. All groups in 

a particular market decide in the same way.  

I. In the CEO condition only the choice of one of the team-members matters. One 

group member is randomly appointed to be CEO for all rounds. All group members 

know who the CEO is (though they cannot identify her or him personally, of course). 

There is within-group communication before the decisions, however, and all players 

have to enter a choice, though in the end only the decision of the CEO matters. 

II. In the Majority treatment any decision needs to be supported by a majority (i.e. two 

or three members need to make the same choice). Note that there is always a majority 

either in favor or against a cartel. If no (majority) decision is reached with respect to 

the price, (i.e., each member chooses a different price) the members earn nothing in 

that round. Because a price is needed for the market, one of the prices is selected 

randomly and entered. The other players in the market do not learn that this decision 

was not made by a majority.  

                                                
32

 As far as we can tell from the chat transcripts no identities were revealed. 
33

 Appendix 3B provides an analysis of the content of these group discussions. 



48 

 

III. In Consensus each of the three members has veto power. The group decides to join 

the cartel only if all three members choose to do so and all three members need to 

choose the same price. If any member decides not to join the cartel, the firm‟s 

decision is not to join. If the group does not reach a consensus on the price, the 

members earn nothing in that round. One of the prices is selected randomly, without 

other participants being informed that this occurred.
34

 

We have data from 24 participants in Individual (24 firms in 8 markets), 72 participants in 

CEO (24 firms, 8 markets), 54 participants in Majority (18 firms, 6 markets) and 36 

participants in Consensus (12 firms, 4 markets). 

 

3.3 Hypotheses 

A first thing to notice is that the efficient outcome is for all firms to collude implicitly by 

choosing p
f
=102, without forming a cartel. This maximizes surplus without the possibility of 

fines. In contrast, the risk neutral subgame perfect Nash equilibrium is to not enter a cartel 

and to choose the lowest possible price (p
f
=91).

35
 Though this does not predict any treatment 

effects, we can use the literature discussed in the introduction to derive hypotheses with 

respect to our individual benchmark and the three cases with group decision-making.  

  Based on the hypothesis that groups are trusted less than individuals we expect (1) 

groups to propose (and form) fewer cartels, since they are expected to be broken anyway and 

are costly to install (chance of a fine). In addition, the hypothesis that groups are more 

competitive than individuals is expected to lead to (2) groups choosing lower prices. We 

further expect (3) group effects to be larger for treatments with more difficult decision 

requirements as they will demand higher involvement with the group decision process. The 

idea is that since consensus demands the most of the group in terms of agreement it will 

cause a higher level of group identity and, consequently, larger group effects – fewer cartels, 

lower prices than individuals – and that because a group with a CEO requires the least input 

from its members the group effects for this condition will be the smallest, with the size of the 

effects for the groups deciding by majority somewhere in between.   

                                                
34

 In the end, this mechanism of appointing group decisions was used only rarely; only in 2 (out of 180) cases 

in Majority and 3 (out of 120 decisions) in Consensus did groups not reach an agreement.  
35

 A cartel will lead to a slightly higher equilibrium price, of p
f
=92, but the expected revenue is lower because 

of possible fine. Without cartel, the expected revenue of choosing 91 (and expecting the same from others) is: 

(91 – 90)/3 = 0.333. With cartel the expected revenue of all choosing 92 is 0.85*(92 – 90)/3 + 0.15*(0.88*92 – 

90)/3 = 0.115. Unilaterally choosing a lower price will yield an expected loss: 0.85*(91 – 90) + 0.15*(0,88*91 

– 90) = −0.638. Finally, if all choose 91 with a cartel, expected earnings are 0.85*(91 – 90)/3+ 0.15*(0,88*91 – 

90)/3 =−0.213 and a best response is to abstain from trading by asking a higher price. 
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 In summary, denoting the number of cartels by c, we will test the following joint 

hypotheses on cartel formation. The null hypothesis is that there are no differences across 

treatments. 

 

H10:  cindividual =  cCEO = cmajority =  cconsensus  

H11:  cindividual >  cCEO > cmajority >  cconsensus  

 

For pricing, the reasoning above predicts that we will observe lower prices in group 

treatments than in the benchmark. Moreover, prices should be lowest for the case where 

groups require consensus for making a decision. This reasoning should certainly hold for the 

markets in which no cartel has been formed.  

 

H20:  

  

p
individual

f , nocartel p
CEO

f , nocartel p
majority

f , nocartel p
consensus

f , nocartel   

H21:  

  

p
individual

f , nocartel p
CEO

f , nocartel p
majority

f , nocartel p
consensus

f , nocartel  

For markets with cartels the prediction is less straightforward. The fact that a cartel has been 

formed is an indication of relatively low competitiveness, irrespective of whether the 

decision was made by an individual or a group. This yields the prediction that prices are 

higher when there are cartels, even if these are non-binding. This is formalized in H3.  

 

H30: 

  

p
individual

f , cartel p
individual

f , nocartel ; p
CEO

f , cartel p
CEO

f , nocartel ; p
majority

f , cartel p
majority

f , nocartel ; p
consensus

f , cartel p
consensus

f , nocartel   

H31: 

  

p
individual

f , cartel p
individual

f , nocartel ; p
CEO

f , cartel p
CEO

f , nocartel ; p
majority

f , cartel p
majority

f , nocartel ; p
consensus

f , cartel p
consensus

f , nocartel  

As for a comparison across treatments, in H4 we maintain the hypothesis that groups will be 

more competitive than individuals even after forming cartels.  

 

H40:  

  

p
individual

f , cartel p
CEO

f , cartel p
majority

f , cartel p
consensus

f , cartel   

H41:  

  

p
individual

f , cartel p
CEO

f , cartel p
majority

f , cartel p
consensus

f , cartel  

In the following section, we will formally test H1-H4 against their respective nulls. 
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3.4 Results 

We first present a general overview of our experimental results in section 3.4.1. Rigorous 

statistical tests are provided when we more closely investigate the formation of cartels 

(3.4.2), their duration (3.4.3) and the firms‟ pricing decisions (3.4.4).  

 

3.4.1 General Overview 

Table 3.1 displays some key statistics per treatment. A first thing to note is that firms want to 

form cartels. This can only be measured in rounds when there was no pre-existing cartel. In 

these rounds most firms decided in favor of forming a cartel. Groups (especially those 

deciding by consensus or majority rule) are slightly less inclined to do so than individuals, 

however. In combination with the decision-making procedure this yields far fewer new 

cartels for the consensus case (17.7%) than for the other treatments. This is not particularly 

surprising because this decision requires much more coordination here than in the other 

group treatments; all nine participants need to be in favor in a particular round for the cartel 

to be formed. Once a cartel has been formed, it exists until it is discovered. In most 

treatments, this leads to cartels existing in approximately 80% of all markets. Only in the 

case where consensus is needed are there (far) fewer cartels (30%).  

Of course, cartels may exist without the participating firms sticking to their promise 

to ask p
f
=102. We define defection from a cartel as any choice p

f
<102. The fifth row in table 

3.1 shows that defection is observed in roughly two-thirds of all cartels, except when 

decisions are made by CEOs, who defect 46% of the time. Defection may be a response to 

earlier defection by other firms, however. We therefore also consider defection in newly 

formed cartels. Then, defection is much lower in three cases (20-36%). When firms decide 

by consensus, almost 78% of them defect in the first round of a cartel, however. Apparently, 

decision making by consensus makes it very difficult for cartels to be successful. Not only 

do such firms form far fewer cartels, when they do there is a very high rate of defection. In 

aggregate in this treatment, we observed only one market (out of 40) where the price was at 

its maximum level of 102.  
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Individuals 

(24 firms in 8 

markets) 

Groups 

CEO 

(24 firms in 

8 markets) 

Majority 

(18 firms in 

6 markets) 

Consensus 

(12 firms in 

4 markets) 

Pooled 

(54 firms in 

18 markets) 

Firms in favor 

of cartel (%)
1
 

73.8 (44.2) 71.4 (45.4) 65.2 (48.0) 64.7 (48.0) 67.1 (47.1) 

Cartels agreed 

upon (%)
2
 

46.4 (50.2) 42.9 (49.8) 43.5 (50.0) 17.7 (38.3) 32.9 (47.1) 

Markets with  

cartel (%)
3
 

81.3 (39.1) 80.0 (40.1) 78.3 (41.3) 30.0 (46.0) 68.3 (46.6) 

Defecting 

firms (%)
4
 

63.1 (48.4) 46.4 (50.0) 66.0 (47.6) 72.2 (45.4) 56.4 (50.0) 

Defecting 

firms − new 

cartel (%)
5
 

35.9 (48.6) 30.3 (46.7) 20.0 (40.7) 77.8 (42.8) 37.0 (48.6) 

Asking price 

(cartel)
6
 

6.95 (3.91) 8.41 (1.92) 6.90 (3.75) 7.28 (3.44) 7.72 (3.65) 

Market price 

(cartel)
7
 

5.14 (3.99) 6.91 (4.31) 4.91 (3.92) 5.00 (3.26) 5.96 (4.18) 

Asking price
 

(no cartel)
8
 

1.44 (2.22) 2.21 (3.56) 1.49 (2.30) 1.26 (2.90) 1.59 (2.99) 

Market price 

(no cartel)
9
 

0.60 (0.96) 0.81 (1.44) 0.54 (0.76) 0.29 (0.84) 0.49 (1.05) 

Earnings per 

participant
10

  
15.84 17.94 14.32 11.04 15.20 

Notes. Standard deviation is in parentheses. 

1
Percentage of firms proposing a cartel in markets without pre-existing cartel. 

2
Percentage of markets where 

cartel is formed when there is no pre-existing cartel. 
3
Percentage of markets with a cartel, including pre-

existing cartels. 
4
Percentage of firms in cartel that chooses a price lower than 102. 

5
Percentage of firms in 

newly-formed cartel that chooses a price lower than 102. 
6
Average price (in excess of minimum price 91) asked 

by firms in cartels. 
7
Average price (in excess of minimum price 91) asked by firms not in cartels. 

8
Average 

market price (in excess of minimum price 91) in cartels. 
9
Average market price (in excess of minimum price 

91) when there is no cartel. 
10

Average earnings in euros including €5 show-up fee. 

 

Table 3.1: Average results per treatment  
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The next four rows in table 3.1 display average prices, distinguishing between rounds with 

and without cartels and between the price asked by firms (p
f
) and the market price (min{p

f
, 

f=1,2,3}). For ease of presentation we present prices in excess of the minimum of 91, i.e., 

numbers represent p
f
−91 {0,1, …, 11}. In the remainder of this chapter, we will only refer 

to these „net‟ prices. The following patterns can be observed. First, prices are 4-6 points 

higher with cartels than without. This is a strong indication that implicit collusion at high 

prices without cartels is not observed in our data. In fact, without cartels, average prices are 

close to the minimum of 0 (average market prices are all lower than 1 point). Second, 

average market prices are quite close to the average prices asked by firms (the largest 

difference is just over 2 points), indicating that in most cases the lowest price in a market is 

close to the other prices. Third, in all cases, the highest prices are observed for the CEO 

treatment. CEOs in cartels ask on average 8.41 points, which is 76% of the maximum price. 

We will discuss these differences in more detail in section 3.4.4.  

Finally, the last row of the table gives average earnings. These show that participants 

in CEO earn most. In line with the lower number and higher instability of cartels, 

participants in Consensus earn least. The differences in earnings are statistically significant 

(Mann-Whitney tests) between Consensus and CEO (p = .001) and Consensus and Majority 

(p = .043) and marginally so between CEO and Majority (p = .06).  

 

3.4.2  Cartel Formation 

For a more rigorous statistical analysis, we first investigate the firms‟ decisions to start a 

cartel. We use a random effects Probit regression to analyze this decision. Using the 

treatment with individuals representing firms as a benchmark, we define dummy variables 

representing the three group treatments and allow for a trend by including the round number 

as an independent variable. We also include a variable describing the number of cartels 

previously discovered (and fined) in the market concerned. Table 3.2 gives the results. These 

show no statistically significant differences between the group treatments and the individual 

benchmark. Differences between the group conditions are not statistically significant either. 

The joint hypothesis that the coefficients for the three group dummies are equal to zero 
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cannot be rejected (
2
-test, p=0.93).

36
 We conclude that a firm‟s decision to join a cartel is 

not influenced by the decision-making procedures within the firm. Moreover this decision is 

not different for groups than for individuals. We cannot reject the null hypothesis H10 of no 

differences in favor of the alternative H11 presented in section 3.3. This can be considered to 

be good news for theorists and experimentalists who have been studying cartel formation 

under the assumption that firms are single agents. 

 

  Coefficient p-value 

Constant 1.438 0.00** 

Round 0.060 0.23 

# Cartels Discovered 0.598 0.07 

Treatment 

CEO 0.048 0.90 

Majority 0.013 0.97 

Consensus 0.328 0.41 

Notes. The table represents the estimated coefficients of a random effects probit model where the dependent 

variable is the firm‟s decision to join a cartel. Random effects are introduced at the level of markets. 

Independent variables are defined as follows. Round=round number {1,2,..,10}. #Cartels Discovered=number 

of cartels in the market concerned that were previously discovered. CEO=dummy variable equal to 1 if a CEO 

determines the firm‟s decision and 0, otherwise. Majority=dummy variable equal to 1 if firm‟s decisions are 

made by majority vote and 0, otherwise. Consensus=dummy variable equal to 1 if firm‟s decisions are made by 

consensus and 0, otherwise. Firms consisting of a single individual are used as a benchmark represented by the 

constant term. 

 

Table 3.2: Cartel Formation 

 

3.4.3  Cartel Stability  

To investigate the stability of cartels we first consider the defection rates as shown in the 

fifth and sixth rows of table 3.1. Across all rounds in which cartels exist, the differences 

across treatments are not statistically significant (Kruskal-Wallis, p=0.55).
37

 The six pair 

wise comparisons also reveal no significant differences (Mann-Whitney tests, all p>0.15). 

                                                
36

 Pair wise testing of the coefficients shows that equality cannot be rejected in any case, with all p-values > 

0.47. Finally, pooling all group treatments into one dummy-variable in the probit regression gives a coefficient 

equal to −0.12 with p=0.66. 
37

 When testing means, we use the average of a market as the unit of observation because of statistical 

dependencies of observations within a market. This Kruskal-Wallis test we therefore based on 26 observations. 
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 Things are different when considering defection in the first round of a cartel. In table 

3.1, we saw that a high fraction (78%) of firms deciding by consensus renege on a promise 

immediately after making it. The difference across all treatments is statistically significant 

(Kruskal-Wallis, p=0.03). In pair wise comparisons, first round defection in Consensus is 

significantly higher than in the Individual benchmark (Mann-Whitney, p=0.02), CEO 

(Mann-Whitney,  p=0.02), and Majority (Mann-Whitney, p<0.01). None of the other 

differences between treatment pairs is statistically significant (Mann-Whitney tests, all 

p>0.72). We conclude that there is strong statistical evidence in our data that decision-

making by consensus causes severe cartel instability from the moment they are formed.  

 

Note. Lines represent average prices asked by firms as a function of the cartel age.  

 

Figure 3.1: Ask Price Stability in Cartels 

 

Of course, defection from the agreed upon maximum price (11) does not necessarily imply 

that prices in a cartel decline to zero. Table 3.1 shows that even in Consensus the average 

prices with cartels are much higher than without. We will discuss price differences across 

treatments in detail in the following subsection. Here we want to compare across treatments 

the prices firms ask in cartels as a function of the cartel age. Note that high prices that only 

slowly decline with the number of rounds a cartel has existed are an indication of cartel 



55 

 

stability even if the maximum price is not maintained. Figure 3.1 displays the average asking 

price in cartels.  

Three things stand out in the figure. First, in all treatments the average price starts off 

close to the maximum (11), and decreases steadily (in line with Cason 1995). Second, the 

only treatment that stands out in a new cartel (age equal to 1) is Consensus. This confirms 

our earlier observations. Third, CEOs manage to maintain higher prices in a cartel than other 

firms.
38

  In some sense, this indicates higher cartel stability, even if the participating firms 

did not manage to maintain the promised maximum price. These results only provide partial 

information about ask price differences across treatments; in the next section we will further 

investigate these differences.  

 

3.4.4  Prices 

To analyze the development of prices we use a random effects tobit regression explaining the 

firms‟ price decisions. Table 3.3 shows the results. First, note that prices tend to decrease 

across rounds and that cartels become unstable with age. The latter observation is in line 

with decreasing prices observed in figure 3.1. Moreover, when firms consist of individuals, 

cartels lead to strong increases in prices, as is apparent from the coefficient for Individual 

when there is a cartel. For various group treatments we test the effect of cartels on prices by 

comparing the coefficients with and without cartel. This shows that cartels always yield 

higher prices. Testing the differences in coefficients with 
2
 tests shows that the difference is 

statistically significant for firms run by CEOs (p<0.01), majority rule (p<0.01) and 

consensus (p<0.01). These results reject the null H30 of no differences in favor of the 

alternative H31 presented in section 3.3. Hence, in all treatments prices are higher when there 

is a cartel.  

Simultaneously testing for differences in the treatment-coefficients (
2
-tests) rejects 

the null hypothesis that they are equal, both for the case where there are cartels (p=0.03) and 

where there are not (p<0.01) Pair wise testing of the coefficients shows that when there is no 

cartel prices in the CEO treatment and majority are significantly higher than in the individual 

(p<0.01 and p=0.01, respectively) and consensus treatment (p<0.01 and p=0.03, 

respectively). The difference between CEO and majority treatment is not statistically 

significant (p=0.30). These results reject the null hypothesis H20 of no differences but not in 

                                                
38

 The peak for Consensus for cartels of age 3 is due to the fact that it is based on only one observation, i.e., 

only one cartel managed to stay around for 3 rounds. In fact, this particular cartel was formed in round 6 and 

survived for the 5 rounds that remained.  
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favor of the alternative H21. Though the ranking of the three decision making rules is 

precisely as predicted, H21 predicted that prices would be higher in the individual benchmark 

than in any of the group treatments. The opposite is observed.  

 

  Coefficient p-value 

Constant 0.46 0.72 

Round −0.668 0.00** 

# Cartels discovered 0.835 0.21 

Cartel Cartel age -0.525 0.00** 

Individual 13.68 0.00** 

CEO 15.62 0.00** 

Majority  12.48 0.00** 

Consensus  12.75 0.00** 

No cartel CEO 6.436 0.00** 

Majority 4.854 0.01** 

Consensus  1.386 0.43 

Note. The table represents the estimated coefficients of a random effects tobit model where the dependent 

variable is the firm‟s ask price (truncated to lie between 0 and 11). Random effects are introduced at the level 

of markets. Independent variables are defined as follows. Round=round number {1,2,..,10}. #Cartels 

Discovered=number of cartels in the market concerned that were previously discovered. Cartel age=number of 

rounds a cartel has existed. CEO=dummy variable equal to 1 if a CEO determines the firm‟s decision and 0, 

otherwise. Majority=dummy variable equal to 1 if firm‟s decisions are made by majority vote and 0, otherwise. 

Consensus=dummy variable equal to 1 if firm‟s decisions are made by consensus and 0. Firms consisting of a 

single individual and making a decision without cartel are used as a benchmark represented by the constant 

term.  

 

Table 3.3: Ask Prices  

 

When there is a cartel, prices are highest in CEO; the difference with Majority is statistically 

significant (p=0.01) but the differences with Individual and Consensus are only marginally 

significant (p=0.09 and p=0.06 resp.). The differences between Individual, Majority and 

Consensus are not statistically significant. Though the relatively high prices in CEO were 

predicted in H41, this alternative hypothesis as a whole is not supported. Once again, the 

relatively low prices in the individual benchmark are unexpected.  
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3.5  Conclusion 

In this study we compare individual and group decisions in a Bertrand game with non-

binding cartels. In groups, decisions were made either by a CEO, a Majority or by 

Consensus. Previous studies have suggested that groups may behave more competitively 

than individuals, which in this setting would lead to fewer cartels and lower prices. Our data 

do not support this reasoning. First, we find no differences across treatments in the tendency 

to form cartels. Second, if anything, prices are higher when decisions are made by groups. 

We do observe systematic price differences in our data, however. First, in all of our 

treatments we find that prices are higher when there is a cartel than when there is not. Even 

though cartels are non-binding, irrespective of how decisions are made they appear to be 

used as a coordinating device to keep prices up (albeit not at their maximum). Moreover, we 

find some interesting differences in price setting behavior across treatments. When there is 

no cartel, prices are higher in the CEO and Majority treatment compared to the Consensus 

and Individual treatment. When there is a cartel CEO prices tend to be higher than when 

decisions are made by Majority with prices in the Consensus and Individual treatments 

somewhere in between. Hence, CEOs tend to set the highest prices irrespective of whether or 

not a cartel has been formed.  

Apparently, it matters how a firm decides. For the discussion on the effects of group 

decision-making, this means that the focus needs to shift from the comparison between 

groups and individuals to the differences between distinct managerial decision-making 

processes. It may make a difference if the usual single-individual firm is replaced by a 

multiple-agent firm, but how it makes a difference depends on how the individuals in the 

firm make their decisions.  

Cartels of firms led by CEOs appear to be more stable than other cartels. This raises 

interesting research questions, both for field empirical studies and for further laboratory 

experiments. For example, one could observe in the field the decision making culture of 

firms and our results suggests that firms led by strong independent leaders would be more 

likely to collude (and hence be more profitable) than firms with a consensus culture. Such 

field studies could be complex because of contaminating factors (e.g. a consensus culture is 

more likely to be found in specific countries like Scandinavia or the Netherlands) and 

because a consensus culture may have other advantages (better support in the organization) 

and disadvantages (e.g. slow decision processes) than those related to pricing behavior. We 

therefore also see an important role for more laboratory experiments where decision 

processes can be easily implemented and controlled and all behavior is observable. 
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Appendix 3A: Instructions 

 

You are about to participate in an experiment on decision-making in a market. You will be 

able to earn money in this experiment. How much you earn depends on your decisions and 

on the decisions of the other participants in the experiment. 

 

It is important that you thoroughly understand these instructions. We ask you to read them 

carefully. These instructions use numerical examples. These are for illustrative purposes 

only; they have no particular relevance regarding the experiment. 

 

Introduction 

(Individual) 

In this experiment you and the two other players are each suppliers of a single identical 

good.  

 

(all group treatments) 

In this experiment you are part of a team of three players. Your team and the two other teams 

consisting of three players are each suppliers of a single identical good.  

 

In each round you will have to choose a price to ask for your product. This asking price must 

be one of the following prices: 

 

91 – 92 – 93 – 94 – 95 – 96 – 97 – 98 – 99 – 100 – 101 – 102 

 

You will only earn points in a round if your asking price is the lowest of the three asking 

prices chosen in that round. If you do choose the lowest price, your earnings are equal to the 

difference between the asking price and the costs, which are 90: 

 

asking price – 90 

 

If you do not choose the lowest price in a round, you will do not earn anything (but you do 

not incur any costs either). If two or more suppliers choose the same lowest price the 

earnings will be shared equally. The next page gives a few numerical examples. 
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Numerical Examples 

Let us call the suppliers in the market A, B and C. 

 

* Imagine supplier A chooses a price of 92, supplier B chooses a price of 96 and supplier C a 

price of 97. Only the product with the lowest price will be sold, in this case the product 

supplied by A. The earnings of supplier A are equal to the price minus the cost: 92 – 90 = 2. 

The other two suppliers do not sell anything but do not incur any costs either and both earn 

0. 

 

* Now imagine that supplier A and supplier B choose a price of 93 and supplier C chooses a 

price of 101. Because two suppliers have chosen the lowest price, the profit will be shared. 

Suppliers A and B each earn half of the difference between the price and the cost (=½ x (93 

– 90) = 1 ½). Supplier C does not earn nor lose anything. 

 

Before they choose their price suppliers can agree to choose the highest price (=102). This 

agreement only becomes valid if all three suppliers favor it. The price agreement may be 

discovered by the authorities. In this case a fine of 12% of the asking price has to be paid. 

Only the players selling a product pay this fine. The probability that the price agreement will 

be discovered in any particular round is 15%. Every price agreement remains valid – and can 

be discovered and fined – as long as it has not been discovered in a previous round. 

 

Suppliers are not required to adhere to the price agreement. 

 

* Imagine that the three suppliers form a price agreement and that all three suppliers adhere 

to the agreement and the agreement is not discovered. Each supplier now earns the market 

price minus the costs, divided by the three suppliers, which is equal to (102 – 90)/3 = 4. 

 

* Imagine that the three suppliers form a price agreement and that all three suppliers adhere 

to the agreement and the agreement is discovered. Each supplier now earns: (market price 

minus cost minus the fine) divided by three suppliers is equal to (102 – 90 – 0.12*102)/3 = – 

0.08 (which means a loss) 

* Imagine the three suppliers form a price agreement but supplier A does not adhere to the 

agreement and chooses a price of 98. The price agreement is discovered. Supplier A earns 
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(98 – 90) = 8 but also pays a fine of (0.12 x 98) = 11.76. The net loss of supplier A is: 8 – 

11.76 = 3.76. Suppliers B and C do not earn nor lose anything. 

 

Before each decision you can confer with the other members of your team. This takes place 

via a chat application. In the first round you can confer for 5 minutes per choice, for the rest 

of the experiment there will be 3 minutes available before each choice. After the group 

deliberation you will be asked to enter your choice. 

 

(CEO) 

In each team, the decisions whether or not to join the cartel and what price to choose are 

made by a team leader. This team leader is selected randomly and will be the same person 

throughout the experiment. 

 

Only the team leaders‟ choice matters. If you are not a team leader you can still participate in 

the group deliberation but your choice is irrelevant for the outcome. For practical reasons 

you are asked to enter a choice anyway. 

 

(Majority) 

In each team, the decisions whether or not to join the cartel and what price to choose are 

made by majority vote. If two or more members of the team choose an option, this becomes 

the team‟s decision. 

 

If when deciding on the price no option is chosen by at least 2 team members, the team will 

earn nothing in that round. Because the other teams need a price to continue, the computer 

will randomly choose one of the proposed prices. 

 

(Consensus) 

The decisions in this market are made by unanimity in all teams. Only if all members of a 

team choose a particular option, will this be the team decision. 

 

If the choice to make a price agreement is not unanimously supported the computer will 

automatically choose not to participate in a price agreement. 
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If there is no unanimous choice of a price, the team will earn nothing in that round. Because 

the other teams need a price to continue, the computer will randomly choose one of the 

proposed prices. 

 

No other communication than via the computer is allowed. 

We kindly request that you keep your identity (name and/or computer number) secret while 

chatting. 

 

The experiment will last for 10 rounds. The market consists of the same three suppliers 

throughout the experiment. 

 

In summary, in principle each round consists of two decisions: first whether or not to join 

the price agreement and secondly what price to choose. If there was a price agreement in the 

previous round and this was not discovered the first decision will be skipped in the following 

round. 

 

Your earnings in points will be exchanged for euros at the end of the experiment at a rate of 

2 to 1. For each point you will therefore receive €0.50. 
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Appendix 3B: Chat Analysis 

 

One of the advantages of the design of this particular experiment is that we can look 

inside the black box of the (group) decision-making process by analyzing the chat 

transcripts.  

The simplest way of analyzing the group discussions is by looking at the volume. 

Table 3B.1 compares the total number of chat messages per firm for the three different group 

conditions. 

 

 Number of chat messages (stand.dev.) 

CEO 549.21 (148.0) 

Majority 509.89 (150.1) 

Unanimous 577.42 (209.8) 

 

Table 3B.1: average number of chat messages per firm 

 

As was to be expected the Unanimous groups need the most discussion to reach a 

decision, but the differences between conditions are not significant. There is also no 

correlation between the amount of messages exchanged within a team and the average 

asking prices or earnings. 

More interesting is it of course to look at the content of the discussions. There are 

just a handful of experiments that try to take a look into the black box of the group decision-

making process. Bosman et al. (2002) video-tape the group discussions in a power-to-take 

game and observe that most decisions are made by simple majority decision rule. Kocher & 

Sutter (2007) find evidence for group polarization – group outcome is more extreme than the 

initial proposals of the group members – in a gift exchange game. 

Our first approach is inspired by Insko & Schopler‟s explanation of the increased 

competitiveness of groups in prisoner‟s dilemma situations. They argue that groups choose 

the defect option more often because of greed (short-term self-interested tendencies) and 

fear (the idea that they will suffer from their opponents competitive behavior). To quantify 

the role of these two concepts we score the group discussion transcripts for statements that 

expressed either „greed‟ or „fear‟. 
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We define greed as situations where players refer to earning more by picking a lower 

price than the others. With regards to statements of greed we included suggestions to break 

the price agreement („if we join a price agreement we are certainly not going to adhere to it‟ 

or „shall we keep it (the price) like this or are we gonna screw over the other teams?‟
39

) and 

references to picking a price lower than the of others („I want to go lower because that 

increases the chance of us winning!‟ or „maybe we should pick a lower price as well‟). Just 

naming a price that was lower than the market price in the previous round was not enough to 

be considered greedy, however. It had to include some sort of reference to an increase in 

earnings that would result from the lower price („I think the best thing we could do is pick 

94‟) or this should be clear from the words used („assume we deviate with 94‟). Not only 

straightforward suggestions were counted but every mention of greedy behavior, even it was 

in an imagining, asking or theorizing context („if we would have picked 101 (in the previous 

round) we would have earned 11 points?‟). 

We define fear as situations where players express the expectation that the other 

players will pick a lower price than them. As statements of fear we counted every mention of 

other teams expected to break the price agreement (for instance „there will be a deviation 

from the price agreement anyway, I think‟ or „Yeah, I don‟t know, 102 is kind of high and 

the others won‟t pick it‟) and of others picking lower prices („I think 98 will be too high‟ or 

„so in the long run everybody will pick 91, no?‟). Again we also counted any situations 

where these statements were just asking or theorizing („do you think other teams will 

deviate?‟, „if there is an agreement and one team deviates and it gets discovered, that 

somebody will have to pay a large fine‟  or „what are we gonna do if we get screwed over by 

another team?‟).  

Table 3B.2 shows the average number of statements expressing greed and fear per 

treatment. Fear seems to play a bigger role than greed in the group discussions. The numbers 

appear to be consistent across treatments. The only apparent deviation is the relatively low 

number of greed statements in Unanimous. The differences (K-W) are not significant, 

however. 

That we find few differences in the amount of greed and fear statements between 

conditions is maybe not particularly surprising. The behavioral differences between the 

conditions are also small. But we also fail to find a correlation between our measures for 

greed and fear and the average price and total earnings. We do not find evidence for a role 

                                                
39

 Examples are translated from the original Dutch. 
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for greed and/or fear in the group decision-making process as suggested by Insko & 

Schopler. 

 

 CEO majority unanimous 

greed 11.7 (5.4) 11.4 (4.4) 9.4 (5.7) 

fear 14.3 (7.3) 13.7 (5.7) 14.6 (8.7) 

 

Table 3B.2: average number of statements expressing greed and fear per condition 

 

There is evidence (eg. Brewer & Kramer (1986) and De Cremer et al. (2008)) that there is a 

positive relation between how much players identify with the collective and their 

contribution to a public good. Since the Bertrand Pricing Game is just a variation on the 

social dilemma, this might play a role here as well; that an increased identification with the 

collective market leads to more cooperative behaviour, manifesting itself in higher prices. 

Our approach is to measure collective identification, as opposed to identification with 

the firm, by checking the chat transcripts how often groups reason from the viewpoint of the 

complete market and compare this with how often they think from the viewpoint of their 

firm. We do this by counting every instance of the first person plural (so, „we‟, „us‟, „our‟ 

etc. Since the experiment was run in Dutch we looked for „we‟, „wij‟, „ons‟ and „onze‟) and 

determine whether they were used to refer to the firm (for instance „let us do 98‟ or „why not 

pick 1 lower than our old price?‟) or to the market as a whole („if all three of us do that [pick 

102] than we will make a nice profit‟). In the latter category, since we ran the experiments 

with multiple markets at the same time, we also counted instances where it referred to all the 

participants in the game („it‟s gonna take very long if we have to sit here for 10 rounds‟). 

 

 CEO Majority Unanimous 

Firm 71.79 (29.4) 70.22 (25.8) 83.83 (40.7) 

Market 11.87 (6.9) 9.39 (4.8) 10.08 (5.1) 

Market/Firm+Market 0.15 (0.08) 0.13 (0.07) 0.12 (0.05) 

 

Table 3B.3: average number of references to the firm, market and firm as fraction of total 
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Table 3B.3 summarizes the average count of references to the firm and to the market and 

how many times they referred to the market as fraction of the total references. This last 

figure can be interpreted as a measure of collective identification. The more often a team 

talks about the market as opposed to themselves the more collectively minded they are. 

There are many more references to the firm then there are to the market. There are no 

significant differences (K-W) between conditions. However there is a significant positive 

correlation between the average earnings (per firm) and our measure of collective 

identification (0.323, p = 0.017)) as well as (marginally) the count of market (Pearson 0.259, 

p = 0.059) (but not with the team count). This correlation seems to have its origin in rounds 

with a cartel because we find the same relations with the average asking price in rounds with 

a cartel: the market count as part of the total (0.258, p = 0.60) and with the market count 

(0.272, p = 0.047) (and again none for the team count). There are no significant correlations 

with the prices in rounds without a cartel. 

Correlation of course does not say anything in particular about causation. We cannot 

say whether the increase in collective identity leads to higher prices (and higher earnings) or 

that a situation with higher prices leads to more identification with the market. 
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Chapter 4 

Leadership in a Weak-Link Game 

 

4.1 Introduction
40

 

The weak link game was first introduced by Hirshleifer (1983) as a stylized way to capture 

the private provision of many public goods. As an illustration Hirshleifer tells the story of 

Anarchia, a low lying island protected from flooding through a network of interconnected 

dikes. The crux is that each citizen makes a private decision about how strong a dike to build 

on their land, yet the island will be flooded if the weakest dike breaks. Most relevant, 

therefore, is not the average or total contributions to the public good but the minimum 

contribution. This applies to the production of any good, public or private, where output is 

determined by the weakest component of production. The weak link game is thus of much 

applied interest and can prove useful in understanding such things as the performance of 

organizations and nations (e.g. Knez and Camerer 1994 and Brandts and Cooper 2006b) or 

the high wage and productivity differentials between rich and poor countries (Kremer 1993), 

for example. 

 Hirshleifer argued that production will be efficient in a weak link game. The basic 

reasoning is that a person cannot free-ride in a weak link game and so there is an incentive to 

contribute an efficient amount to the public good. This hypothesis was confirmed in two 

player games (Harrison and Hirshleifer 1989), but Isaac et al. (1989), Van Huyck et al. 

(1990) and subsequent studies provide little support for this hypothesis when there are more 

than two players. Basically, while it is a Nash equilibrium to contribute an efficient amount 

this requires coordination and trust, because a low contribution of one player will make any 

high contribution redundant and costly for that contributor (Yamagishi and Sato 1986). What 

we typically observe, therefore, is considerable coordination failure with contributions 

rapidly falling to the minimum level (Camerer 2003).
41

    

 How can such coordination failure be avoided? Various solutions have been 

considered in the literature (Devetag and Ortmann 2007). For instance, coordination failure 

is less following a temporary increase in the gains of coordinating (Brandts and Cooper 

2006b), if there is pre-play communication (Blume and Ortmann 2007, Brandts and Cooper 

                                                
40

 This chapter is based on Cartwright, Gillet and Van Vugt (2011) 
41

 There are some notable exceptions including Bortolotti, Devetag & Ortmann (2009) who find higher effort 

levels in a real effort weak link game. See Devetag and Ortmann (2007) for a survey of the literature. 
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2007 and Chaudhuri et al. 2009), and if players opt in to play the game (Cachon and 

Camerer 1996). Generally speaking, however, these solutions may not always be practical. 

For example, pre-play communication may be unwieldy in large groups, and many of the 

solutions rely on the full distribution of contributions being known rather than just the 

minimum (a point taken up by Brandts and Cooper 2006a).
42

 

The basic objective of this chapter is to ask whether leadership reduces coordination 

failure in the weak link game. Leadership evolved to solve coordination problems between 

individuals and is common in all social species (Van Vugt 2006; Van Vugt et al. 2008a; Van 

Vugt et al. 2008b). Our main hypothesis is that leadership significantly reduces coordination 

failure compared to when all players contribute simultaneously. By leadership we shall mean 

that one player can lead by publicly choosing a contribution before all other players. 

Various experimental studies have already demonstrated the positive effect of this kind of 

leadership on cooperative behavior in public good and public bad games (Van Der Heijden 

& Moxnes 2003, Güth et al. 2007 and Pogrebna et al. 2008). It remains to be seen whether 

leadership also works in the weak-link games.  

 To test the consequences of leadership we ran a laboratory experiment with both 

exogenous and endogenous leadership in a repeated four-player weak link game. Overall our 

results are somewhat mixed. It is clear that leadership does make a difference, and in some 

groups we do observe successful leadership whereby efficiency is increased because leaders 

contribute a lot and followers respond to this. In other groups, however, leadership was less 

successful and efficiency no better than we would expect without leadership. In interpreting 

these results we reiterate the well known difficulty in overcoming coordination failure in a 

weak link game (cf. Crawford 2001 and Chaudhuri et al. 2009).  That leadership can help 

overcome this coordination failure some of the time is good. That it does not work all the 

time is possibly to be expected.   

    We proceed as follows, in section 4.2 we introduce the weak-link game and in 

section 4.3 we discuss leadership, related literature, and state our hypotheses. Section 4.4 

contains the results, Section 4.5 concludes and additional materials are provided in the 

appendices.  

 

                                                
42

 To put these issues in some context: In the dike example, with which we began this chapter, the full 

distribution of contributions would be observable (a person can just go around the island and look) but 

communication (e.g. each landowner saying how high a dike they plan to build) could be unwieldy. Next 

consider authors submitting articles to a special issue of a journal or contributed book. Here, only the minimum 

(i.e. slowest) contribution is likely to be observable and communication between authors may or may not be 

possible given anonymity.  
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4.2 The Weak-Link Game 

In a standard weak-link game participants simultaneously pick a number. The earnings of a 

particular player depend on the number they chose and on the lowest number chosen. The 

lower is the lowest number chosen then the lower are earnings. Earnings are also negatively 

correlated with the distance between own choice and the lowest choice. A weak-link game is 

a representation of any situation where the group output depends on the contribution (or 

effort) of the least contributing member and contributing is costly.  

We adopt the standard payoff structure used by Van Huyck et al. (1990). In this 

version of the game participants pick a whole number between 1 and 7 and their earnings 

depend on the choices made according to the following formula: 

0.60 + 0.10 [minimum choice] - 0.10 [own choice - minimum choice] 

Table 4.1 describes the earnings for participants for every potential combination of their own 

choice and the lowest choice.  

 

Choice: 1 2 3 4 5 6 7 

Min = 1 0.7 0.6 0.5 0.4 0.3 0.2 0.1 

Min = 2  0.8 0.7 0.6 0.5 0.4 0.3 

Min = 3   0.9 0.8 0.7 0.6 0.5 

Min = 4    1.0 0.9 0.8 0.7 

Min = 5     1.1 1.0 0.9 

Min = 6      1.2 1.1 

Min = 7       1.3 

 

Table 4.1: Payoff table 

 

Every outcome where all participants choose the same number is a Nash equilibrium. Clearly 

Nash equilibria on higher numbers are preferred to those over lower numbers, so the Pareto 

optimum is for every player to choose 7. Note, however, that higher numbered Nash 

equilibria involve a degree of strategic uncertainty. Picking the highest number is the best 

strategy only if all other players also pick the highest number. 

 It is worth clarifying that there are two notions of coordination in a weak-link game. 

We can think of players as coordinating if they all choose the same number and so are 

coordinating on a Nash equilibrium. Alternatively we can think of players as coordinating if 



70 

 

they all choose high numbers and so are coordinating on the most efficient Nash equilibria. 

Throughout the following, with the brief exception of figure 4.3, we shall focus on the latter 

notion of coordination. We, thus, say that there is increased coordination and efficiency if 

the minimum number increases, and there is coordination failure and inefficiency if the 

minimum number chosen is low. 

 

4.3.  Leadership 

We contrast the standard weak link game in which all players choose simultaneously with a 

game in which one individual, the leader, makes a choice before the remaining players. In a 

standard weak link game we expect to see significant coordination failure. What difference 

will leadership make? Our main hypothesis is that it reduces coordination failure. 

Hypothesis 1: There is less coordination failure in a weak link game with leadership than in 

a standard weak link game.  

It is useful to decompose Hypothesis 1 into two parts: (a) leaders choose higher numbers 

than would players in a standard weak link game, and (b) followers respond by also choosing 

higher numbers. For leadership to work we require both (a) and (b). We suggest three 

reasons why both may hold – signaling, reciprocity and reduced strategic uncertainty. 

In a weak link game with leadership a leader can, by choosing a high number, send a 

costly signal, or communicate to others, that it is good to choose a high number.
43

 This is the 

overriding reason we suggest Hypothesis 1 and several studies have shown the benefits of 

both costless and costly communication in weak-link games (e.g. Cooper et al. 1992, Van 

Huyck et al. 1993, Cachon and Camerer 1995, Cooper 2006 and Blume & Ortmann 2007). 

We note, however, that costless communication has proved less effective if only one player 

can communicate (Weber et al. 2001), primarily because signals are ignored.
44

 Costly 

communication has also proved ineffective if players avoid the cost of signaling (Manzini et 

al. 2009). Together, this casts doubt on both (a) and (b). Weber et al. (2004) seemingly 

confirm this by finding significant coordination failure in a sequential weak-link game. In 

this case choosing the highest number is the unique sub game perfect Nash equilibrium and 

so there should be no coordination failure. In fact, significant coordination failure was still 

observed, which the authors put down to an unwillingness of some leaders to bet on the 

                                                
43

 The signal is costly because choice is non-reversible. 
44

 When the message promoting cooperation is not entirely clear costless coordination has also proved less 

effective if it‟s not common knowledge that the message is common knowledge (Chaudhuri et al. 2009). 
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levels of iterated rationality of others. That leadership will work is, therefore, an open 

empirical question. 

The public good literature provides more reason to be optimistic about the effects of 

leadership. There leading by example has been shown to have a positive effect on 

contributions because high leader contributions are reciprocated by followers (Moxnes and 

Van Der Heijden 2003; Güth et al. 2007). Extrapolating this finding to a weak link game 

means that if a leader chooses a high number (which is a relatively risky thing to do) then 

followers would reciprocate by also choosing a high number. In a linear public good game 

(and other settings where it is typical to talk of reciprocity) reciprocity is not consistent with 

Nash equilibrium and so leadership proves effective only because of followers social 

preferences (Fehr and Gächter 2000). In a weak link game reciprocation can be consistent 

with Nash equilibrium and should, therefore, reinforce signaling. The public good literature 

has also highlighted, however, that a leader may not want to gamble on follower 

reciprocation (Cartwright and Patel 2010). This is consistent with Fernanda Rivas & Sutter 

(2011) who find a positive effect of leadership on cooperation but only with voluntary 

leaders.  

The discussion so far suggests that while there are good, intuitive reasons that 

leadership could increase efficiency, because of signaling and/or reciprocity, there are also 

reasons it may not. This suggests comparing voluntary (endogenous) leadership versus 

imposed (exogenous) leadership. Our second hypothesis is that voluntary leadership is more 

effective than exogenous leadership.   

Hypothesis 2: Coordination failure in a weak link game with endogenous leadership is less 

than in a weak link game with exogenous leadership.  

This hypothesis is motivated by the idea that (a) voluntary leaders will be more willing to 

gamble by choosing a high number, and (b) followers may be more willing to reciprocate a 

voluntary leader. Support for this comes from the public good literature. For example, Van 

Vugt and De Cremer (1999) and Arbak and Villeval (2007) find that imposed leaders 

contribute less to a group than voluntary leaders, while Gächter et al. (2008) found that 

reciprocally oriented leaders contribute more
45

. 

A final important consideration is that outcomes in the weak-link game are sensitive 

to group size. The more people there are to coordinate the greater is coordination failure 

                                                
45

 One related question here is what kind of person chooses to lead. As part of this experiment we also ran some 

personality questionnaires. The findings are discussed in Appendix 4D. 
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(Van Huyck et al. 1990 and Van Huyck et al. 2007). Given that the choice of the leader is 

known before followers make their choices, followers face less strategic uncertainty in a 

game with leadership than without. This means that leadership should improve coordination 

merely by reducing strategic uncertainty. Our final hypothesis is that leadership, because of 

signaling and reciprocity, does more than this. To test that we need to compare what happens 

in an n player game with leadership to an n – 1 player game without leadership. 

Hypothesis 3: Coordination failure in a weak link game with leadership and n players is less 

than in a standard weak link game with n – 1  players.  

Hypothesis 3 strengthens Hypothesis 1. In particular, for an n player game with leadership to 

really look like a standard n – 1  player game the leader must choose 7. If the leader chooses 

anything less than 7 then there is no reason to expect choices to be as high in the game with 

leadership as the standard game. Clearly, therefore, we still need that (a), leaders choose high 

numbers, but have slightly raised the bar for how high a number they should choose. We 

have also raised the bar for our expectation of followers. Specifically, we now require that 

(b) a leader choosing a high number causes followers to choose a higher number than they 

would do in a standard weak link with as many players as there are followers. Only in this 

case can we really think of followers as having responded to the leader‟s example.     

 

4.4.  Method 

To test our hypotheses we performed a laboratory experiment in which we compared four 

different versions of the weak link game, all sharing the payoff structure as given in table 

4.1: 

Simultaneous 3 player game (Sim3): There are 3 players in the game who all 

simultaneously chose a number without knowing what the other players have chosen. 

Simultaneous 4 player game (Sim4): There are 4 players in the game who all 

simultaneously chose a number without knowing what the other players have chosen. 

Exogenous leader (Exo): There are 4 players in the game. One player is randomly selected 

to choose before the other three. When this player has made their decision, this decision is 

made public to the other 3. These remaining 3 players then all simultaneously chose a 

number. 

Endogenous leader (End): There are 4 players in the game. Any one of the 4 players can 

choose to go first by simply being the first to choose a number. Once one player has chosen, 
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their choice is made public to the other 3. These remaining 3 players then all simultaneously 

chose a number. In the event that no one chooses to go first (we imposed a cut-off of 30 

seconds) the game is changed to one where all four players have to choose simultaneously as 

in Sim4.
46

 

Each experimental session consisted of 3 distinct parts. In each part participants were 

grouped into groups of 3 or 4, as appropriate, and played 10 rounds of either Sim3, Sim4, 

Exo or End. Note that within these 10 rounds the game and groups did not change. Between 

parts of the session the groups and possibly the game did change. Specifically, we ran seven 

sessions in all, each with four groups. In one session participants played Sim3 in all 3 parts 

of the experiment. In the other six sessions, participants played each of Sim4, Exo and End 

in varying order. That we had six sessions allowed us to consider all possible permutations 

of Sim4. Exo and End as detailed in table 4.2.  

 

Session Participants Part 1 Part 2 Part 3 

1 16 Exo End Sim4 

2 16 End Sim4 Exo 

3 16 Sim4 Exo End 

4 16 Exo Sim4 End 

5 16 Sim4 End Exo 

6 16 End Exo Sim4 

7 12 Sim3 Sim3 Sim3 

 

Table 4.2: Summary of sessions.  

 

Participants were told at the start of the experiment that they would play „a number‟ of 

games (of 10 rounds each). Participants were only given the instructions to a particular game 

before they played that game. It was also emphasized to participants that they would be 

playing in a totally new group in each part of the experiment. For example, session 4 

participants were first given general instructions and then short specific instructions to Exo 

and played 10 rounds. They were then told the revised instructions for Sim4 and reminded 

that they would now be matched with new players before playing 10 rounds of Sim4. 

Finally, they were given the revised instructions for End and again reminded that they would 

                                                
46

 In the end, this never happened. During the game there was always someone who wanted to choose first. 
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now be matched with new players before playing 10 rounds of End. The instructions are 

available in appendix 4A. 

For the conditions with a leader we deliberately avoided terms like „leaders‟ and 

„followers‟ and instead used more neutral descriptions like „the person choosing first‟ and 

„the other players‟. Also, in each round once participants had made their decision the lowest 

- and only the lowest - number in the group, and the earnings were announced. Note that 

announcing the full distribution of choices, rather than just the minimum, has been shown to 

make it easier for subjects to coordinate, and so we provide a tougher test of leadership 

(Berninghaus and Ehrhart 2001 and Brandts and Cooper 2006a).
47

 

 The experiment was programmed and conducted with the software Z-tree 

(Fischbacher, 2007) and run at the University of Kent in March 2009. Afterwards 

participants were paid the earnings of one randomly selected game. Participants were 

recruited via the university-wide research participation scheme and were randomly assigned 

to the different conditions and to their respective groups. In total 108 subjects participated, 

who earned on average £8.82. The experiment took about 45 minutes. 

 

4.5 Results 

To give a first snapshot of the overall results, table 4.3 summarizes the average choice, the 

average minimum choice and average total earnings per group over all 10 rounds for the four 

games. To put the average total earnings into context, if players coordinate on 7 in each 

round then average total earnings would be 13, and if they coordinate on 1 they would be 7. 

Note that we have pooled the results across the sessions thereby ignoring the order in which 

subjects play a particular game (this is justified in appendix 4B).  

 There is no statistically significant difference in average choice between the Exo and 

End leadership conditions (Mann-Whitney, p = .571). Pooling the averages from both 

leadership conditions over the 10 rounds the difference between the Sim4 condition and the 

combined leadership conditions is statistically significant for the average choice (M-W, p = 

.024) and for the average minimum choice (M-W, p = .040) and marginally so for the 

average earnings (M-W, p = .082). This suggests support for hypothesis 1 but not for 

hypotheses 2 and 3. 

 

                                                
47

 Basically, if the distribution of choices is observed then players can signal through repeated interaction that 

higher numbers could be chosen to mutual benefit. Observed coordination failure is, thus, typically less. A 

similar effect is seen by Blume and Ortmann (2007) in a setting where only the minimum choice is made public 

but in a pre-play communication stage all players can send a signal of what they intend to do. 
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 Average 

choice 

Average 

choice 

(round 1) 

Average 

choice 

(round 10) 

Average 

minimum 

choice 

Average 

earnings 

Sim4  3.00 (1.33) 4.23 (1.05) 2.56 (1.46) 1.93 (1.14) 6.85 (1.31)  

Exo  3.78 (1.48) 4.03 (1.73) 3.67 (2.36) 2.61 (1.63) 7.44 (1.97)  

End 4.01 (1.71) 4.16 (1.78) 4.28 (2.34) 3.00 (1.78) 7.99 (2.09)  

Exo + End  3.90 (1.59) 4.09 (1.74) 3.97 (2.34) 2.81 (1.70) 7.71 (2.04)  

Sim3  4.23 (1.71) 4.33 (.98) 3.89 (2.16) 3.45 (1.99) 8.67 (2.35) 

 

Table 4.3: Average choice (total, in round 1 and round 10), minimum choice and total 

earnings, standard errors in brackets.  

 

To get a more dynamic picture of behavior, figures 4.1, 4.2 and 4.3 plot the 

development of, respectively, the average choice, minimum choice and average difference 

between choice and minimum over the course of the 10 rounds. Average choices decline 

significantly over time in Sim4 (with coefficient -.151 (.027), p < .01) and marginally so in 

Sim3 (-.051 (.014), p = .06) but remain relatively stable in the conditions with leadership 

(0.00 (.019), p = .97 for Exo and .003 (.022), p = .88 for End). Furthermore, the minimum 

choice in the two leadership conditions increases over time (.101 (.013), p < .01 for Exo and 

.085 (.027), p = .014 for End) and is constant in Sim3 (.034 (.026), p=.224) (and marginally 

significantly declining in Sim4 (-.023 (.012), p = .084). There is, therefore, some evidence of 

a dynamic benefit of leadership. The suggestion would still be, however, that efficiency is 

essentially catching up with that in Sim3. We see in figure 4.3 that in all four conditions 

there is a steady convergence of choices. Thus, players do learn to coordinate on a Nash 

equilibrium. 

 Another way of looking at the dynamic developments is by comparing the average 

choices made in the first and the last round (columns 2 and 3 in table 4.3). Differences in 

average choice between the four different treatments are not significant in round 1 (Kruskal-

Wallis, p = .982) and marginally so in the 10
th

 round (K-W, p = .059). In the final round the 

average choice in the combined End-Exo treatments is significantly higher than that in Sim3 

(M-W, p = .015) but not than that in Sim4. 
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Figure 4.1: Average choice per round.  

 

 

Figure 4.2: Average minimum choice per round.  

 

 

Figure 4.3: Average difference between choice and minimum choice per round. 
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At this point we can begin to summarize our findings.  

Result 1: Overall, leadership does lead to increased efficiency. It does not have any apparent 

effect on initial choices but does lead to increased efficiency in some groups after repeated 

interaction.  

Despite the positive effects of leadership it is clear that leadership has not completely 

removed inefficiency. We also see no evidence at this stage for hypotheses 2 or 3. We need 

to look in more detail at whether leaders chose high numbers and whether followers reacted 

to the leader‟s choice.  

 

4.5.1 Follower Choice 

 Figures 4.4 and 4.5 plot the average and minimum choice of followers as a function 

of leader choice for all 10 rounds. Clearly, we do see evidence that follower choice is 

positively correlated to leader choice. The correlation between the number chosen by the 

leader and (the average) number chosen by followers is high. The Pearson correlation is .873 

in the exogenous condition and .822 in the endogenous condition. Both correlations are 

significant (p < .001). While follower choice does correlate it is noticeable that followers 

pick a significantly lower number than the leader. The average difference between leader 

choice and (average) follower choice is .54  for exogenous leaders and .38 for endogenous 

leaders. Both differ significantly from zero (p < .001 and p = .001 respectively) but not from 

each other (p = .149). 

 

 

Figure 4.4: The average choice of followers per leader choice. 
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Figure 4.5: The minimum choice of followers per leader choice. 

 

Of particular relevance to us is whether a high leader choice causes followers to choose high 

numbers, and higher than those chosen in Sim3. Figures 4.4 and 4.5 suggest that it does. The 

average choice made by followers given that the leader has chosen 7 is 5.25 (2.14) in the 

Exo condition and 5.70 (1.92) in End. This is significantly higher than the average choice in 

either Sim3 and Sim4 (M-W, p < .001 for the comparisons with Sim3 and p = .004 for the 

End-Sim3 and p = .044 for Exo-Sim3).  

Figure 4.6 further supports this by detailing how the average and minimum choice of 

followers if the follower chooses (6 or) 7 develops over time. We see in figure 4.6 that the 

minimum choice of followers, conditional on a leader choosing a high number, is increasing 

over the 10 rounds (with coefficient (standard error) of 0.203 (0.036)).
48

 It would seem that a 

leader‟s choice sets a good example for followers and this signal becomes stronger with 

repeated interaction. 

 

                                                
48

 For clarity we have pooled the leadership data but the data for Exo and End follow a very similar pattern. 
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Figure 4.6: The average and minimum choice of followers if leaders choose 6 or 7. 

 

The picture is now, hopefully, starting to become a little clearer. We summarize with our 

second result.    

 

Result 2: If leaders choose a high number, then followers typically learn to respond to this, 

and there is higher efficiency than can be explained solely by the reduced strategic 

uncertainty. That is, they choose higher numbers than in the Sim3 treatment. 

 

4.5.2  Overcoming Coordination Failure in the Group 

The picture we are getting is that leadership works in some groups and not others. 

Furthermore, result 1 and 2 suggested that the effect of leadership emerges after repeated 

interaction. This leads to the interesting notion that leadership may help overcome 

coordination failure in the group. In a standard weak link game it typically proves impossible 

to escape from a low choice equilibrium (e.g. Weber et al. 2001, Brandts and Cooper 2006a, 

2007 and Chaudhuri et al. 2009). Maybe leadership changes this. To explore these issues 

further we look individually at each of the 48 groups from the leadership conditions and 

characterize what happens in each group. Clearly any characterization is somewhat 

subjective and arbitrary, because all groups are different, but we think that there some 

consistent trends are observable (and our characterization can be easily checked using the 

information in appendix 4C). We distinguish groups according to the following categories:     

Persistent coordination failure (CF):  If there was a minimum of 1 in all 10 rounds then we 

say that there was persistent coordination failure. Table 4.4 shows an example.  
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Reversal of coordination failure to 4, 5, 6 or 7 (Rx): If there was a round with a minimum of 

1 and then a later round with a minimum of x = 4, 5, 6 or 7 then we say that there was a 

reversal of coordination failure to x. This category allows a fairly mixed selection of 

dynamics as illustrated by the two examples in Table 4.4.  

Table 4.5 details how many groups fit into each category. 

As we would expect in the Sim3 and Sim4 conditions there is little evidence that 

groups can overcome coordination failure. In the leadership conditions we do see evidence 

that groups could overcome coordination failure. For example, in none of the 23 groups 

without leadership did we see a minimum of 5 or more after there had been a round with a 

minimum of 1;  in groups with leadership this happens in 12 of the 37 groups.
49

  

 

Category Group 
Round 

1 2 3 4 5 6 7 8 9 10 

CF 11 Exo 7  1 1  1 4  1 1  1 7  1 7  1 4  1 5  1 5  1 2  1 

R4 

R7 

23 End 4  3 1  1 1  1 5  4 5  4 1  1 6  4 1  1 5  4 1  1 

2 End 2  1 1  1 6  5 7  6 7  7 7  7 7  7 7  7 7  1 7  2 

 

Table 4.4: Examples of group dynamics, showing the leader and minimum choice by round 

for example groups. 

 

 R7 R6 R5 R4 CF 

Exogenous (n = 20) 1 3 9 10 6 

Endogenous (n = 17) 2 2 3 7 4 

Sim4 (n = 18) 0 0 0 1 10 

Sim3 (n = 5) 0 0 0 2 0 

 

Table 4.5: Characterizing group dynamics by leadership condition. The number of groups 

that fit into each category. 

 

                                                
49

 There were 23 and 37 groups where the minimum choice was 1 at some point. In all other groups the 

minimum choice was always above 1 and so there is no opportunity to overcome coordination failure as we 

define it. 
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The data clearly suggest that that leadership did work in some groups to alleviate 

coordination failure. In all the 12 groups where the minimum did increase to 5 it did so 

because a leader chose 6 or 7. 

Result 3: In the simultaneous games one instance of coordination failure typically leads to 

persistent coordination failure. In games with leadership we see that coordination failure 

need not be persistent. In a significant number of groups leadership did help overcome 

coordination failure.  

Results 2 and 3 suggest that followers do respond to leader choice. In reconciling this with 

the lack of success of leadership at the aggregate level it is natural to question the choices of 

leaders. 

 

4.5.3 Leadership 

Figure 4.7 plots the average choice of leaders in each round. Of interest to us is whether 

leaders choose higher numbers than in the simultaneous treatments. For comparison we, 

therefore, plot average choices in the simultaneous treatments as well. The clear suggestion 

in figure 4.7 is that leaders chose higher numbers than subjects in Sim4 but not those in 

Sim3. There is no evidence that leader choices in the Exo and End treatments differ (4.33 

(2.4) vs. 4.39 (2.44), M-W, p = .963). There is also no evidence that leader choices in the 

combined leadership treatments differ from choices in the simultaneous treatments in round 

1 (4.71 (2.40) vs 4.23 (1.05), M-W p = .138, for Sim4 and 4.33 (.98) M-W p = .354, for Sim 

3). By round 10 there is evidence that leader choices differ from average choices in Sim4 

(4.50 (2.69) vs. 2.56 (1.46), M-W p = .013) but not those in Sim3 (vs. 3.89 (2.16), M-W p = 

.513).  
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Figure 4.7: The average leader choice by treatment and round compared to average choice in 

the simultaneous treatments. 

 

Recall that part (a) of hypothesis 1 said that leaders should choose higher numbers than they 

would have done in the simultaneous treatments.  

Result 4: In the early rounds we do not observe any significant difference between the 

choice of leaders in the leadership treatments and that of subjects in the simultaneous 

treatments. In the later rounds we do observe leaders choosing a higher number than subjects 

in the Sim4 treatment but find no difference compared to the Sim3 treatment. 

This, together with results 2 and 3, does suggest that the overall lack of success of leadership 

comes more from the behavior of leaders than that of followers. Clearly, not all the blame 

should be put on leaders because there were groups with persistent coordination failure in 

which leaders chose 7 several times. It seems, however, that leaders simply did not choose 

high enough numbers often enough in order that leadership would lead to a significant 

overall increase in efficiency beyond that obtained in the Sim3 treatment. 

 

4.5.3  Exogenous versus Endogenous Leadership 

Finally, we compare endogenous versus exogenous leadership. The raw data is consistent 

with Hypothesis 2: The average number chosen by endogenous leaders is higher than by 

exogenous leaders (4.39 versus 4.33); the minimum choice of followers in the endogenous 

condition is closer to leader choice than in the exogenous condition (0.38 versus 0.54); 
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followers choose on average a higher number if an endogenous leader chooses 6 or 7 

compared to an exogenous leader (5.55 versus 5.28); finally, as we saw in table 4.3, average 

and minimum choice, and payoffs, are higher in the endogenous compared to exogenous 

leadership condition.
50

 None of these differences are, however, large or statistically 

significant. Whether this is because of lack of data or lack of an effect we cannot tell. This 

leads to our final result.  

Result 5: We find no significant difference between games with an endogenous and 

exogenous leader.  

 To try and understand why we may observe this lack of difference, we first note that 

if results 2 and 3 suggest high leader choices can ultimately lead to improved group 

efficiency they leave open the question of whether choosing high numbers pay off for 

leaders. Recall from table 4.1 that a leader can guarantee a payoff of 0.7 by choosing 1. If he 

chooses 7 then he needs the minimum choice of followers to be at least 4 in order to get a 

payoff of 0.7 or above. It is clear from figure 4.6 that this may not be the case, particularly in 

the early rounds. In fact leaders do earn slightly less (but not significantly so) than followers 

in both conditions, as detailed in table 4.7, and the average payoff of leaders is increasing 

over rounds (with coefficient (standard error) 0.02 (0.003)). Leaders do not earn significantly 

more or less than players in the Sim4 condition. In fact only followers in the endogenous 

condition do significantly different than they would have done in the simultaneous condition 

(p = .012). For followers in the exogenous condition the difference is not significant (p = 

.187).  

 

 Leader Followers 

Exogenous 0.69 (.21) 0.76 (.18) 

Endogenous 0.76 (.22) 0.81 (.20) 

Sim4 0.69 (0.11) 

 

Table 4.7:  Average earnings per round for leaders and followers per leadership condition.  

 

                                                
50

 All participants in sessions 1 to 6 played games End, Exo and Sim4. The group a participant was with would 

change for each game so a direct comparison will be distorted by group effects. It still seems an interesting 

comparison, however, to see how a particular participant did across the three games. Choices and payoffs were 

higher in End than Exo for a statistically insignificant majority (50 and 53 out of 96).  
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Now consider a player who believes that the high choice of a leader might increase 

efficiency over time. In the End condition this player has the opportunity to lead and choose 

a high number. Whether he does so will likely depend on whether he is willing to gamble on 

followers responding and whether he expects some other player to do it. If he does expect 

some other player to do it then it is best to be a follower with its higher expected payoff.
51

 In 

the Exo condition this last possibility is removed as no other player could possibly lead. This 

creates two countervailing forces: (i) In the End condition one or two players who decide it 

is worthwhile to lead and choose high numbers can do so in every period, but in the Exo 

condition they are constrained to wait their turn. (ii) In the End condition players willing to 

gamble on followers responding may wait for someone else to do so, and nobody does, but 

in the Exo condition their turn comes along and they take the gamble. The overall effect is 

ambiguous because (i) suggests greater efficiency in the End condition and (ii) in the Exo 

condition. Some support for this is seen in figure 4.8 where see that there are more groups 

where leaders consistently choose high numbers or never choose higher numbers in the End 

than Exo condition.    

  

 

Figure 4.8: The number of rounds (out of 10) the leader chooses 6 or 7 per group. 
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 More formally, a leader who chooses 7 is gambling on the choices of 3 followers. A follower choosing 7 

after a leader has chosen 7 is gambling on the choices of only 2 other followers.  
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4.6 Conclusions 

The provision of many public and private goods hinges on the actions of the weakest link in 

the chain, that is the lowest contributor (Hirshleifer 1983 and Camerer 2003). The evidence 

suggests that in such cases the likely outcome is coordination failure. Various possible 

solutions have been considered in the literature and our objective in this chapter was to 

consider a novel solution, leadership. By leadership we mean that one person, the leader, 

announces their contribution first thereby setting an example for the rest of the group. Our 

main hypothesis was that by choosing a high number the leader could improve efficiency.  

 We find that leadership did increase efficiency in a significant proportion of groups. 

More surprising was that it did so with a delayed effect. Specifically, leadership generally 

failed to establish efficiency in the early rounds but there was a rise in efficiency over time 

in many groups. That leadership produced increased efficiency over time is because 

individuals took time to follow the example of leaders. Our main conclusion is therefore that 

leadership can work if individuals persistently set a good example and eventually pull up the 

efficiency of the group. We found no discernible difference between voluntary and imposed 

leaders.   

We finish by relating our results to some related work. In concurrent and on-going 

work, Coelho et al. (2009), address a very similar question to that which motivated this 

chapter. They consider a 10 player weak link game in which a leader, the person in the group 

with the highest CRT score, leads by example. The most significant differences with our 

approach are that the leader remains the same throughout the rounds and is selected on 

ability. They find that leadership leads to immediate and sustained efficiency if all players 

observe the minimum choice of previous rounds but immediate and declining efficiency if 

the minimum choice of previous rounds is not observed by followers. These results seem 

quite different to ours and suggest that more work on the consequences of leadership, and in 

particular the consequences of different types of leadership – appointed or elected, 

democratic or autocratic, selfish or servant – would be desirable (see also Gillet, Cartwright 

and Van Vugt 2011 and Appendix 4D).   
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Appendix 4A: Instructions 

In this experiment you are going to play a number of, slightly similar, games. 

You will play these games in groups of four. Each game lasts for ten rounds and during these 

ten rounds you will be playing with the same people. When we start a new game we also 

change the group you are playing with. All groups are formed randomly. You will never 

play a game with the same player twice. 

In each round of this game you will have to pick a number. Your earnings depend on the 

number you pick and the numbers picked by the other players in your group. 

You can pick any whole number between 1 and 7.  

Your earnings are determined by your choice and the lowest number chosen by the players 

in your group. Mathematically your earnings (in pounds) are determined by the following 

formula: 

0.60 +  0.10 x [minimum choice] – 0.10 x [your choice – minimum choice] 

To keep it simple the table below describes your earnings for each combination of your 

choice (columns) and the minimum choice in your group (rows). This table will also be on 

your screen during the experiment. 

 

Choice: 1 2 3 4 5 6 7 

min = 1 0.7 0.6 0.5 0.4 0.3 0.2 0.1 

min = 2  0.8 0.7 0.6 0.5 0.4 0.3 

min = 3   0.9 0.8 0.7 0.6 0.5 

min = 4    1 0.9 0.8 0.7 

min = 5     1.1 1 0.9 

min = 6      1.2 1.1 

min = 7       1.3 

 

An example (and the numbers used in this example are picked for clarification purposes 

only): 

 You pick 5 and the other players in your group pick 7, 6 and 3. The minimum choice 

in your group is 3. Since you have picked 5 your earnings are 0.7 (and the player 
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picking 7 earns 0.5, the player choosing 6 0.8 and the player choosing 3 0.9) 

It doesn‟t matter who picks the lowest number or how many players pick the lowest number. 

The earnings for all players are calculated as in the table. 

In general, you won‟t learn what player picked what number (nor will the other players know 

what number you have picked). In each round we will just tell you the lowest number and 

how much you have earned. 

As said, you will play a number of different versions of this game; each time with different 

people. All your earnings of the ten rounds in a particular game will be summed together. 

Afterwards we will randomly select one of the games you have played and pay you your 

earnings of that game. 

 

Before playing Sim4  

 

In this version of the game everybody picks their numbers simultaneously. 

In every round players choose their numbers without knowing the number the other three 

pick. When everybody has chosen their number (and clicked „ok‟) the computer announces 

the lowest choice in the group and your earnings. We then proceed to the next round. 

 

Before playing Exo  

 

In this version of the game one player is selected to pick his/her number before the rest. 

Who goes first is determined randomly for each round. 

After the first player has chosen his/her number, the other players learn what number was 

picked and then pick their own numbers simultaneously. The three remaining players pick 

their numbers without knowing what number the other two pick. When everybody has 

chosen their number (and clicked 'ok') the computer announces the lowest choice in 

the group and your earnings. We then proceed to the next round. 

Being the first to pick a number does not affect your earnings in any way. The earnings for 

all players are calculated as in the table regardless of order.  
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Before playing End  

 

In this version of the game one player can decide to pick his/her number before the rest. 

A player can become the one to choose before the rest by being the first to pick a number 

(and to click 'ok'). 

After the first player has chosen his/her number, the other players learn what number was 

picked and then pick their own numbers simultaneously. The three remaining players pick 

their numbers without knowing what number the other two pick. 

In each round there are 30 seconds for players to pick a number before the rest. If none of the 

players do so in this time the whole group will choose their number simultaneously. Then 

all four players pick their number without knowing what number the other three pick. 

When everybody has chosen their number (and clicked 'ok') the computer announces the 

lowest choice in the group and your earnings. We then proceed to the next round. 

Being the first to pick a number does not affect your earnings in any way. The earnings for 

all players are calculated as in the table regardless of order. 

 

Additionally for each new game 

 

Remember, by starting a new version of the game we also change the group of players 

you‟re playing with. Which player plays in which group is determined randomly. The only 

thing that is certain is that you will never play a game with the same participants twice. 

 

 

 

 

 

 

 

 



89 

 

Appendix 4B: Order Effects in the Weak-link Game 

 

One issue that we need to address is whether there were any order effects in playing the 

game. Recall that all participants in the four player conditions played each of the different 

versions once, as detailed in table 4.2. The experiment was designed in a way so as to try and 

remove any order effects by, for example, completely changing groups for every game. Even 

in a perfect stranger set-up, however, we cannot simply rule out the possibility of the 

existence of some sort of learning effect caused by playing – a similar version of – the game 

three times in a row. In fact, we find no evidence of an order effect. For example, when we 

take the average choice over all three four-player conditions together participants chose in 

the first the game they played 3.44 (1.1), in the second game 3.68 (1.72) and in the third 3.68 

(1.81). There is no significant difference (Kruskal-Wallis, p = .989) in the average choice 

between these games. Participants do not, on average, pick higher numbers as they play 

related games in a row. The one exception is Session 7 where subjects played Sim3 three 

times in a row and improved efficiency each time. We are not, however, too concerned about 

this exception because its only consequence will be that we overestimate how well players 

coordinate in Sim3.    

Figure 4B.1 plots the average choice for each of the seven sessions and suggests that 

session effects outweighed any group effects. In Session 1, for example, choices are 

relatively high and in session 5 they are relatively low. We might conjecture that this is 

because in session 1 game Exo was played first and in session 7 Sim4 was played first. A 

look at session 3 (which started with game Sim4 but saw relatively high choices), and 

session 4 (which started with game Exo but saw relatively low choices) shows, however, that 

this conjecture does not get much support. It might be interesting to note that in all sessions 

bar one payoffs are higher in End than Exo than Sim4. In this remaining session they are 

higher in Exo than End than Sim4.  
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Figure 4B.1: The average choice by session and game number, X = Exo, N = End, S = Sim4 

and 3 = Sim3. 
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Appendix 4C: Leader, Minimum and Overall Choice Frequencies 

 

We provide some of the more detailed data from which the tables in the main text were 

derived. First we detail the minimum and overall choice frequencies over the 10 rounds. For 

example, in the Sim4 condition 12.50% of times the minimum choice in round 5 was 4. 

 

Sim4 (n=24): 

 1 2 3 4 5 6 7 8 9 10 

1 58.33 50.00 50.00 45.83 54.17 58.33 62.50 54.17 66.67 58.33 

2 12.50 20.83 8.33 25.00 16.67 16.67 12.50 25.00 8.33 25.00 

3 12.50 20.83 25.00 8.33 12.50 4.17 12.50 0.00 4.17 0.00 

4 16.67 4.17 12.50 16.67 12.50 16.67 8.33 20.83 16.67 16.67 

5 0.00 4.17 4.17 0.00 0.00 0.00 0.00 0.00 4.17 0.00 

6 0.00 0.00 0.00 4.17 4.17 4.17 4.17 0.00 0.00 0.00 

7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

Endogenous (n=24): 

 1 2 3 4 5 6 7 8 9 10 

1 54.17 62.50 58.33 50.00 50.00 54.17 41.67 41.67 50.00 50.00 

2 12.50 8.33 4.17 8.33 4.17 4.17 8.33 8.33 0.00 0.00 

3 20.83 8.33 4.17 8.33 8.33 4.17 16.67 8.33 4.17 8.33 

4 4.17 4.17 8.33 8.33 20.83 16.67 8.33 20.83 16.67 12.50 

5 0.00 4.17 8.33 20.83 16.67 16.67 16.67 8.33 12.50 8.33 

6 8.33 12.50 12.50 4.17 0.00 4.17 0.00 4.17 8.33 12.50 

7 0.00 0.00 4.17 0.00 0.00 0.00 8.33 8.33 8.33 8.33 

 

Exogenous (n=24): 

 1 2 3 4 5 6 7 8 9 10 

1 41.67 37.50 41.67 29.17 33.33 37.50 50.00 37.50 50.00 41.67 

2 16.67 20.83 0.00 8.33 16.67 20.83 8.33 8.33 8.33 4.17 

3 12.50 12.50 25.00 16.67 4.17 4.17 4.17 4.17 0.00 12.50 

4 16.67 8.33 20.83 20.83 16.67 16.67 4.17 12.50 16.67 8.33 

5 4.17 16.67 8.33 4.17 8.33 0.00 8.33 8.33 4.17 4.17 

6 8.33 4.17 4.17 20.83 12.50 12.50 12.50 12.50 4.17 4.17 

7 0.00 0.00 0.00 0.00 8.33 8.33 12.50 16.67 16.67 25.00 
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Sim3 (n=12): 

 1 2 3 4 5 6 7 8 9 10 

1 8.33 25.00 8.33 16.67 16.67 16.67 16.67 25.00 16.67 25.00 

2 33.33 25.00 33.33 8.33 25.00 25.00 16.67 16.67 16.67 16.67 

3 25.00 16.67 16.67 25.00 25.00 25.00 33.33 25.00 33.33 25.00 

4 16.67 0.00 8.33 16.67 0.00 0.00 0.00 0.00 0.00 0.00 

5 16.67 16.67 8.33 8.33 8.33 8.33 8.33 8.33 8.33 8.33 

6 0.00 16.67 16.67 8.33 8.33 8.33 8.33 8.33 8.33 8.33 

7 0.00 0.00 8.33 16.67 16.67 16.67 16.67 16.67 16.67 16.67 

 

Table 4C.1: Minimum choice frequencies by condition and round, column = round, row = 

choice and cell = frequency. 

 

 

Sim4 (n=96): 

 1 2 3 4 5 6 7 8 9 10 

1 16.67 22.92 31.25 32.29 38.54 41.67 40.63 41.67 46.88 45.83 

2 7.29 15.63 10.42 13.54 13.54 12.50 13.54 11.46 15.63 16.67 

3 13.54 14.58 19.79 12.50 10.42 10.42 12.50 13.54 7.29 6.25 

4 15.63 19.79 10.42 18.75 14.58 13.54 14.58 14.58 13.54 14.58 

5 15.63 8.33 12.50 8.33 9.38 10.42 6.25 13.54 8.33 5.21 

6 8.33 9.38 6.25 8.33 7.29 5.21 5.21 3.13 3.13 6.25 

7 22.92 9.38 9.38 6.25 6.25 6.25 7.29 2.08 5.21 5.21 

 

Endogenous (n=96): 

 1 2 3 4 5 6 7 8 9 10 

1 26.04 29.17 23.96 31.25 29.17 29.17 28.13 23.96 33.33 35.42 

2 4.17 13.54 13.54 9.38 7.29 7.29 9.38 9.38 3.13 9.38 

3 15.63 11.46 6.25 12.50 7.29 9.38 11.46 10.42 4.17 6.25 

4 12.50 10.42 16.67 9.38 16.67 8.33 11.46 15.63 7.29 7.29 

5 7.29 6.25 7.29 14.58 12.50 16.67 14.58 17.71 14.58 8.33 

6 5.21 5.21 13.54 4.17 8.33 12.50 5.21 4.17 13.54 10.42 

7 29.17 23.96 18.75 18.75 18.75 16.67 19.79 18.75 23.96 22.92 
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Exogenous (n=96): 

 1 2 3 4 5 6 7 8 9 10 

1 19.79 25.00 21.88 19.79 17.71 27.08 29.17 28.13 34.38 29.17 

2 7.29 12.50 7.29 7.29 16.67 10.42 9.38 7.29 9.38 4.17 

3 14.58 11.46 14.58 11.46 8.33 8.33 13.54 6.25 1.04 7.29 

4 11.46 8.33 11.46 14.58 17.71 19.79 5.21 7.29 13.54 10.42 

5 13.54 10.42 14.58 9.38 5.21 5.21 10.42 5.21 5.21 4.17 

6 9.38 6.25 10.42 17.71 14.58 9.38 6.25 16.67 5.21 7.29 

7 23.96 26.04 19.79 19.79 19.79 19.79 26.04 29.17 31.25 37.50 

 

Sim3 (n=36): 

 1 2 3 4 5 6 7 8 9 10 

1 2.78 8.33 5.56 5.56 8.33 13.89 13.89 13.89 13.89 16.67 

2 11.11 11.11 16.67 11.11 11.11 8.33 11.11 13.89 16.67 13.89 

3 25.00 19.44 16.67 19.44 22.22 27.78 25.00 16.67 25.00 25.00 

4 19.44 11.11 19.44 16.67 8.33 5.56 5.56 11.11 5.56 5.56 

5 13.89 19.44 8.33 13.89 8.33 8.33 5.56 16.67 5.56 5.56 

6 8.33 13.89 11.11 8.33 16.67 11.11 11.11 5.56 8.33 13.89 

7 19.44 16.67 22.22 25.00 25.00 25.00 27.78 22.22 25.00 19.44 

 

Table 4C.2: Overall choice frequencies by condition and round, column = round, row = 

choice and cell = frequency. 

 

Next we detail the minimum choice, in Sim4 and Sim3, and the leader choice and minimum 

choice, in Exo and End, by round for all groups. Recall that participants in groups are 

randomized after each game, so the participants in group 1 of the Sim4 condition will 

definitely not be the same as those in group 1 of the Exo condition etc. It may be worth 

noting, however, in looking through the data that each session had 4 groups and the groups 

are provided in order. This means that the participants in groups 1-4 of the Sim4 are the 

same as in groups 1-4 of the Exo and End conditions etc. There was only one session of the 

Sim3 condition.  

 

 



94 

 

Group 
Round 

Category 
1 2 3 4 5 6 7 8 9 10 

1 4 3 4 2 3 4 4 4 4 2 - 

2 3 4 5 6 6 6 6 4 5 4 - 

3 3 5 2 4 4 4 3 4 4 4 - 

4 4 1 3 3 2 3 3 2 2 2 - 

5 1 1 1 1 1 1 1 1 1 1 CF 

6 2 2 2 2 2 2 2 2 2 2 - 

7 1 1 1 1 1 1 1 1 1 1 CF 

8 1 1 1 1 1 1 1 1 1 1 CF 

9 1 3 3 2 2 1 1 2 1 2 - 

10 1 3 3 2 2 1 1 2 1 2 - 

11 1 2 3 4 4 4 4 4 4 4 R4 

12 1 1 1 1 1 1 1 1 1 1 CF 

13 2 2 1 2 1 1 1 1 1 1 - 

14 1 1 1 1 1 1 1 1 1 1 CF 

15 1 1 1 1 1 1 1 1 1 1 CF 

16 1 2 3 4 1 1 1 2 1 2 R4 

17 2 1 1 1 1 1 1 1 1 1 - 

18 1 1 1 1 1 1 1 1 1 1 CF 

19 1 1 1 1 1 1 1 1 1 1 CF 

20 4 3 4 2 3 4 2 2 3 2 - 

21 1 1 1 1 1 1 1 1 1 1 CF 

22 1 1 1 1 1 1 1 1 1 1 CF 

23 1 1 1 1 1 1 1 1 1 1 - 

24 1 2 3 3 3 2 2 2 1 1 - 

Table 4C.3: The minimum choice by round and group in the Sim4 condition. 
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 Round 

Category 

Group 1 2 3 4 5 6 7 8 9 10 

1 5  3 7  1 4  1 3  1 7  4 1  1 2  2 5  4 6  6 6  6 R6 

2 3  2 3  2 2  1 2  1 2  1 6  4 3  3 4  3 6  4 7  5 R5 

3 7  4 4  2 7  6 7  5 7  4 7  4 4  3 7  5 6  5 5  4 - 

4 4  3 5  5 4  4 5  2 4  3 7  1 1  1 4  3 3  3 5  3 - 

5 1  1 7  3 5  3 7  5 3  1 7  5 7  5 7  4 6  4 7  3 R5 

6 7  1 1  1 7  1 1  1 1  1 1  1 5  1 1  1 1  1 1  1 CF 

7 4  2 3  2 2  1 1  1 5  1 1  1 6  1 1  1 1  1 1  1 - 

8 1  1 7  3 4  1 7  3 6  3 3  1 1  1 3  1 1  1 1  1 - 

9 7  1 7  6 7  7 5  5 5  5 5  5 7  7 7  7 7  7 7  7 R7 

10 7  6 7  6 6  6 7  5 7  5 7  6 7  7 7  7 7  7 7  7 - 

11 7  1 1  1 4  1 1  1 7  1 7  1 4  1 5  1 5  1 2  1 CF 

12 7  1 4  1 3  1 7  1 1  1 5  1 3  1 1  1 1  1 1  1 CF 

13 7  1 2  1 6  5 1  1 4  1 5  1 7  1 4  1 7  1 1  1 R5 

14 7  1 7  1 4  4 7  4 7  4 5  5 5  5 7  6 5  5 6  6 R6 

15 7  3 4  1 2  1 1  1 7  1 1  1 2  2 2  2 7  1 2  1 - 

16 3  2 3  1 6  1 7  2 1  1 3  2 4  3 4  2 3  1 5  1 - 

17 1  1 7  1 4  1 1  1 1  1 1  1 1  1 3  1 1  1 1  1 CF 

18 1  1 1  1 1  1 1  1 7  1 7  1 1  1 5  1 7  1 1  1 CF 

19 7  6 7  6 6  6 7  6 6  5 6  5 6  5 5  4 7  6 7  6 - 

20 7  1 3  1 1  1 4  1 1  1 1   1 1   1 1   1 1   1 1   1 CF 

21 4  2 2  1 7  2 2  1 4  2 7  4 7  4 5  4 7  4 7  5 R5 

22 1  1 4  4 7  5 6  5 7  5 4  3 7  5 7  4 7  1 7  4 R5 

23 4  3 1  1 1  1 5  4 5  4 1  1 6  4 1  1 5  4 1  1 R4 

24 7  2 1  1 1  1 3  3 4  4 6  4 5  3 7  5 5  5 4  4 R5 

Table 4C.4: The leader choice and minimum choice by round and group in the Exo condition 
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Group 
Round 

Category 
1 2 3 4 5 6 7 8 9 10 

1 3  2 4  3 2  1 3  1 4  3 4  2 3  2 7  5 7  5 7  5 R5 

2 2  1 1  1 6  5 7  6 7  7 7  7 7  7 7  7 7  1 7  2 R7 

3 7  5 5  5 4  4 6  6 7  5 7  6 7  6 7  6 7  7 7  7 - 

4 6  6 7  4 7  3 5  5 6  6 4  4 5  5 7  7 4  4 7  7 - 

5 7  6 7  6 6  4 6  4 6  4 4  1 7  2 7  4 5  2 7  3 R4 

6 7  1 6  1 7  1 7  1 1  1 1  1 7  1 7  1 1  1 7  1 CF 

7 4  3 3  2 2  1 1  1 5  1 1  1 6  1 1  1 1  1 1  1 - 

8 3  2 1  1 7  1 7  3 6  2 6  2 1  1 7  1 2  1 6  3 - 

9 7  1 1  1 3  3 3  3 4  4 4  4 5  5 6  6 7  7 7  7 R7 

10 7  3 7  2 7  4 7  6 7  6 7  6 7  6 7  6 7  6 7  7 - 

11 1  1 7  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 7  1 CF 

12 7  4 7  5 6  5 6  6 6  6 7  6 7  7 7  7 7  7 7  7 - 

13 6  1 3  3 5  3 7  4 2  2 5  2 3  1 1  1 1  1 1  1   R4 

14 7  4 7  5 7  6 7  6 7  7 7  7 7  7 7  7 7  7 7  7 - 

15 2  1 7  2 2  1 1  1 3  1 1  1 1  1 1  1 1  1 1  1 - 

16 5  3 5  2 6  3 3  2 2  1 1  1 1  1 3  2 2  1 3  1 - 

17 7  4 7  5 7  4 7  3 7  5 7  2 7  6 6  4 7  4 7  4 - 

18 1  1 1  1 1  1 1  1 4  1 2  1 1  1 1  1 1  1 1  1 CF 

19 1  1 1  1 1  1 4  4 4  4 4  4 4  4 4  4 7  4 4  4 R4 

20 5  1 1  1 1  1 5  1 1  1 1  1 1  1 1  1 1  1 1  1 CF 

21 5  3 3  2 5  3 7  4 2  2 6  4 3  3 6  5 4  4 7  6 - 

22 1  1 7  4 7  3 4  3 7  1 3  1 1  1 1  1 1  1 1  1 R4 

23 2  2 1  1 5  1 3  2 3  2 2  2 2  1 5  2 3  1 1  1 - 

24 6  4 6  3 4  4 4  4 4  4 4  3 3  1 3  3 2  2 6  3 - 

 

Table 4C.5: The leader choice and minimum choice by round and group in the End condition 
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Group 
Round 

Comments 
1 2 3 4 5 6 7 8 9 10 

1 3 1 2 4 3 3 3 3 3 3 R4 

2 1 2 3 4 3 3 3 3 3 3 R4 

3 2 3 4 3 2 3 3 3 3 3 - 

4 2 1 2 3 1 2 2 1 2 1 - 

5 4 5 5 5 5 5 5 5 5 5 - 

6 2 1 1 1 1 1 1 1 1 1 - 

7 4 5 6 7 7 7 7 7 7 7 - 

8 2 2 2 2 2 2 2 2 2 2 - 

9 3 3 2 3 3 2 3 2 3 2 - 

10 5 6 7 7 7 7 7 7 7 7 - 

11 5 6 6 6 6 6 6 6 6 6 - 

12 3 2 3 1 2 1 1 1 1 1 - 

 

Table 4C.6: The minimum choice by round and group in the Sim3 condition. 
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Appendix 4D: Selfish or Servant Leadership? Leadership Personalities in 

a Weak-Link Game 

 

In this appendix we report the results of a personality questionnaire that was part of the 

weak-link experiment described in this chapter. Our aim was to shine light on the question 

what kind of person chooses to lead.
 52

 

 

The collapse of the banks, the invasion in Iraq and the election of Barack Obama, the 

first Black president in US-history, all invariably point to the importance of leadership. 

Leadership is arguably one of the main themes in current social affairs and is one of the most 

widely studied subjects in the social sciences. Yet the question “Who leads” has not been 

fully addressed. For instance, it remains to be seen whether leaders are primarily concerned 

with serving their own selfish interests or the interest of their followers. Personality research 

on leadership has found a stable set of traits cross-culturally associated with good leadership 

such as intelligence, generosity, vision and competence (Den Hartog et al. 1999). Yet, it is 

also clear that there are many dominant, authoritarian, and despotic leaders out there who try 

to exploit group resources to benefit themselves and their close allies. 

An evolutionary approach suggests that there are two contrasting theoretical positions 

on the origins of leadership in humans with implications for the types of personalities that 

are attracted to leadership positions (Van Vugt 2006; Van Vugt et al. 2008b). The first is a 

by-product theory which views leadership as the outcome of dominance battles between 

(mostly male) group members. The argument is that evolution has equipped individuals with 

the psychological tendencies to compete over status and dominance because someone‟s 

position in the hierarchy of the group determines their access to reproductively relevant 

resources. Leadership is thus the product of status competitions whereby leaders occupy the 

top positions in the hierarchy and by virtue of their position can exercise power over lower-

ranked individuals. This is how most evolutionary biologists and psychologists write about 

leadership (Wilson 1975).  

The alternative perspective is that leadership is a group-level adaptation that enables 

individuals to function better in groups (Wilson et al. 2008). Leadership is a coordination 

device that helps groups solve problems with regard to the planning and execution of group 

tasks such as collective movement, resource sharing and group decision-making. Having 

                                                
52

 This appendix is based on Gillet, Cartwright and van Vugt (2011) 
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someone as leader serves the interests of followers because they can reap the benefits of 

being in a highly coordinated and cohesive group. This is essentially the concept of servant 

leadership as coined by Robert Greenleaf (2002) to depict a style of leadership in which the 

primary service is to the followers (Liden et al. 2008).  

The dominance versus coordination perspectives thus make different predictions 

about the personalities of individuals emerging as leaders in formerly leaderless groups. 

According to the leadership-as-dominance view leadership emergence is expected to 

correlate with essentially selfish and egotistic traits whereas the leadership-as-coordination 

perspective hypothesizes an association between leadership and prosocial personality traits -- 

we can refer to these in terms of the selfish leadership versus servant leadership hypothesis.  

We define leadership behaviorally in terms of the individual who coordinates group 

activities by making the first move in a coordination game (of course first movers only 

emerge as leaders if their moves are being followed by the rest). This is essentially 

leadership-by-example -- one individual acting publicly before the rest and thereby 

influencing others into taking a particular course of action (Yukl 1989). Leading by example 

is a prominent form of leadership among both humans and nonhumans (for a recent review 

see King et al. 2009) but it has not yet been sufficiently studied in humans. Examining this 

kind of leadership in an economic game enables us to investigate if there are stable 

personality differences in the propensity to take the lead in situations in which the 

(monetary) pay-offs for leadership varies (Cartwright, Gillet & Van Vugt, 2009, Cartwright, 

Gillet & Van Vugt, 2011). So, the core question in this game is who leads and how do they 

fare compared to followers in terms of their earnings in the game?  

This core leadership question has not been addressed in the economic and 

psychological literatures although there is an increasing interest in studying leadership in 

coordination games and social dilemmas (Brandts & Cooper 2006b; Coats et al. 2009; Coats 

& Neilson 2005; Cooper 2006;  Gächter et al. 2009; Güth, et al. 2007; Weber et al. 2004). 

So far the economic literature has primarily focused on the benefits of leadership in terms of 

helping players coordinate while neglecting questions about the potential costs for the 

individuals moving first. O‟Gorman et al. (2009) found some evidence for altruistic or 

“servant” leadership in a public good game where leaders were given the opportunity to 

punish freeriders. Servant leadership increased cooperation within the group but at a 

significant cost to the leaders. In addition, the literature has been relatively ignorant about 

the personalities of individuals who take on leadership roles in these games (these roles are 

usually determined by the experimenter; O‟Gorman et al. 2008). 
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What we typically observe, however, in these games is that leaders receive lower 

payoffs than followers. Two distinct reasons for this are noted. First, leaders may try to 

signal something to followers but followers miss the meaning of or ignore the signal. 

Second, followers can punish a leader who appears to exploit any strategic advantage from 

leadership. All of this supports the social coordination or servant leadership hypothesis that 

pro-social people are more likely to want to lead (and are more likely to be successful 

leaders).  

At the same time there is also some evidence for the dominance or selfish leadership 

hypothesis. This comes mainly from historical records of leadership such as the writings on 

kings, emperors, and tyrants who often use their leadership positions to enrich themselves 

and their relatives (Betzig 1993) and from experimental social psychological research on 

social dilemmas. For instance, when people are assigned to leadership positions – even if 

they are randomly allocated – they tend to harvest more points from a common resource pool 

than ordinary group members. The amount they took was also predicted by their personality: 

Individuals with prosocial personalities took less than individuals with proself personalities 

(De Cremer & Van Dijk 2005). In addition, leadership emergence in unstructured laboratory 

groups is associated with personality traits such as Machiavellianism and Narcism (that 

together with Psychopathy form the so-called Dark Triad) which produce manipulative and 

self-centered leaders (Van Vugt 2006). Thus, these findings support the idea that selfish 

people are more likely to want to lead. 

To test the selfish versus servant leadership hypothesis we examined decision-

making in a standard weak-link game (Van Huyck et al. 1990). The selfish hypothesis 

predicts that leaders do better (earn more) than followers in the game and that they score 

highly on personality traits associated with dominance and selfishness. The alternative 

servant leadership hypothesis predicts that overall leaders do worse (earn less) in the game 

than followers, and that they score low on dominance and selfishness traits. In order to 

measure personality we asked participants to complete the dominance scale (Heckert et al. 

1999), the social value orientation measure (Kuhlman & Marshello 1975; Van Lange & 

Kuhlman 1994), and for exploratory purposes  the NEO-FFI (aka the Big Five) scale (Costa 

& McCrae 1992).  
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Method 

The participants, design and procedure of the Weak Link experiment are covered in chapter 

4. We measure leadership by counting how many times a particular player chooses first in 

the END treatment. We measure leadership quality by measuring how high the numbers 

chosen as a leader were and the costs/benefits of leadership by points earned. 

Personality measures. After the game (but before being told how much they had 

earned) participants filled out a number of psychological questionnaires:  

First, we administered the standard NEO-FFI (Big5) personality questionnaire 

measuring extraversion, agreeableness, conscientiousness, neuroticism and openness via 44 

items on five-point Likert scales (1=completely agree to 5 = completely disagree). 

Social Value Orientation was measured with 9 items where the participants were 

asked to divide a (hypothetical) amount of money between themselves and a non-identified 

other. Each item had 3 options which can be classified as the prosocial, equally sharing 

option (eg. 480 for me, 480 for the other), the competitive, difference maximizing option 

(480 for me, 80 for the other) and the individualistic, individually maximizing option (540 

for me, 280 for the other). We scored participants who chose the pro-social distribution > 6 

times as 'social' and those choosing the individualistic distribution > 6 time or the 

competitive distribution > 6 times as 'selfish' 

Dominance was measured with a 5-item questionnaire consisting of 5-option (1= 

completely agree to 5 = completely disagree) Likert-scale questions such as 'I would enjoy 

being in charge of a project' and 'I strive to be 'in command' when I am working in a group'.   

 

Results and Summary 

First, we find that per round Leaders earn significantly fewer points than Followers (Mleader = 

0.72, SD = 0.29 vs. Mfollower = 0.78, SD = 0,26;  t(798) = 2.334; p = .02; Mann-Whitney‟s U 

= 53779.5, p = .024). We see therefore that leading in a weak link game came at a cost to the 

individual at the benefit of the group as predicted by the servant leadership hypothesis.  

Consistent with the servant leadership hypothesis we also find that participants who 

were classified as 'pro-social' chose to lead more often than participants classified as 'pro-

self' (Mprosocial = 2.94, SD = 2.97 vs. Mproself = 1.00, SD = 1.35; t(62) = 2.1936; p < .05; 

Mann-Whitney‟s U = 182.5, p = .023). We find no significant correlation between how 

many times a participant acted as leader and their score on the dominance-scale (r = .213, p 

= .112). 
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With respect to the NEO-FFI questionnaire we only find a (marginally) significant 

negative correlation between 'times going first' and openness to experience (r = -.248, p = 

.063). Thus, people who are more open to new experiences chose to lead less often, 

suggesting that leadership is more about prosociality than risktaking. 

Finally, looking at the numbers they pick, men as leaders pick a significantly higher 

number than women leaders and are thus more effective  (Mmale = 5.18, SD= 2.158 vs Mfemale 

= 3.73., SD=2.090; t (57) = 2.5451; p < .05; Mann-Whitney‟s U = 256.5, p = .017). There 

were no personality traits associated with effective leadership in this game.  See table 4D.1 

for an overview of the correlations between the various measures in the experiment. 

 

 Choiclead Extrav Agree Consc Neuro Open Domin Alpha 

Timeslead -.073 

 

.019 -.030 -.055 

 

-.114 -.248+ .213 na 

Choicelead 1 

 

-.034 

 

-.182 

 

-.146 

 

-.080 

 

.190 

 

.195 

 

na 

Extrav  1 

 

.331** 

 

.163 

 

-.273** 

 

.255* 

 

.418** 

 

.877 

Agree   1 

 

.381** 

 

-.336** 

 

.250* 

 

-.015 

 

.899 

Consc    1 

 

-.231* .147 

 

.316** 

 

.852 

Neuro     1 

 

-.241 -.128 

 

.834 

Open      1 

 

-.013 .807 

Dominance       1 

 

.839 

Notes: Timeslead = how many times a participant acted as a leader, Choicelead = average choice made as a 

leader, Extrav = NEO-FFI, Extraversion, Agree = NEO-FFI, Agreeableness, Consc= NEO-FFI, 

Conscientiousness, Neuro = NEO-FFI, Neuroticism, Open = NEO-FFI,  Openness to new experience, Alpha = 

Cronbach‟s alpha. N = 80. 

+ p < .10 

* p < .05 

** p < .01 

 

Table 4D.1: Pearson correlations between measures in the Weak-link game 
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Discussion 

Our results are consistent with the evolutionary hypothesis that leadership can be a social 

good for the group by being associated with self-sacrificial behavior; behavior that is good 

for the group but comes at a cost to the leader. This is to our knowledge the first 

experimental evidence for servant leadership. We find various traces of evidence for servant 

leadership. Leaders, on average, earned less money than followers and dispositionally social 

participants (on the basis of their social value orientation) chose to lead more often than 

selfish participants. Additionally there is no relationship between leadership and the kind of 

personality traits that are usual1y associated with selfish leadership, most notably personal 

dominance. 

In the game leadership improves the group outcome - setting a good example can 

help coordinate on the group on a better, more profitable outcome (as shown in chapter 4) - 

but acting as a leader involves potential costs (risk of not being followed). That leaders earns 

less than followers - but that, at the same time, followers do better than they would have 

done in a situation without leadership - supports the idea of the servant nature of leadership 

(Wilson et al., 2008). The finding that leaders are more likely to have a prosocial personality 

corroborates this explanation.  

Our research paradigm may seem to favour the servant leadership hypothesis. The 

weak-link game we used is a coordination game and invites leadership strategies that help 

the group by making coordination easier.  Also, the fact that the experiments were run in a 

totally anonymous setting did not enable group members to form status and dominance 

hierarchies as you see in the real world.  We are not claiming that leadership-as-dominance 

does not exist but that there are specific situations in which alternative, more social leaders 

emerge. Further research will have to be conducted to examine the determinants of servant 

leadership further and when it turns into selfish leadership. 
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Nederlandse Samenvatting 

Summary in Dutch 

 

Groepen spelen een belangrijke rol in onze maatschappij en dus ook in economische 

beslissingen. Veel van ons gedrag, waaronder economisch gedrag, vindt plaats in de context 

van een groep. Deze thesis gaat uit van de gedachte dat door het bestuderen van de rol van 

groepen in economische beslissingen, we tot een beter begrip van economisch gedrag in het 

algemeen kunnen komen. 

Er zijn (tenminste) twee niveau‟s waarop we naar deze rol van groepen in 

economisch gedrag kunnen kijken. Allereerst vindt veel economisch gedrag plaats binnen 

groepen. Veel beslissingen die we hebben gevolgen voor de mensen om ons heen en 

omgekeerd kunnen hun beslissingen van invloed zijn op ons. We werken samen in groepen 

of concurreren juist met de mensen om ons heen. De rol van groepen in economische 

beslissingen op dit niveau is veelvuldig bestudeerd in zowel de theoretische als de 

empirische literatuur. Zo gaat in feite het hele vakgebied van de speltheorie over het 

analyseren van de manier waarop mensen interacteren – samenwerken, coördineren, 

concurreren – in (kleine) groepen. 

Ten tweede worden veel economische beslissingen genomen door groepen. 

Huishoudens bepalen gezamenlijk wat ze consumeren. Bedrijven besluiten hoeveel te 

investeren. Wat dit soort situaties kenmerkt is dat één beslissing, en de consequenties 

daarvan, geldt voor alle leden van een bepaalde groep. (Dit hoeft overigens niet per se te 

betekenen dat alle groepsleden betrokken zijn bij het nemen van de beslissing. Bijvoorbeeld 

in het geval van leiderschap waarbij een of meer van de groepsleden zeggenschap hebben 

over de groepsbeslissing hebben niet-leiders geen directe invloed). Natuurlijk kunnen ook 

groepen met elkaar interacteren. Bedrijven beconcurreren elkaar op markten. Regeringen 

proberen met elkaar samen te werken of hun beleid op elkaar af te stellen. 

Dit tweede niveau van groepsgedrag heeft tot op heden minder aandacht gekregen in 

de literatuur. Een reden hiervoor kan natuurlijk zijn dat in een theoretische analyse de aard 

van de beslisser (groep of individu) over het algemeen geen rol speelt. Meestal wordt 

verondersteld dat wat in een bepaalde situatie rationeel is voor een individu ook rationeel is 

voor een groep in dezelfde situatie. Maar als we geinteresseerd zijn in het bestuderen van 

daadwerkelijk gedrag kunnen we niet simpelweg aannemen dat groepen en individuen in 

vergelijkbare situaties hetzelfde zullen beslissen. Sterker nog, uit de psychologie weten we 
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dat onder dezelfde omstandigheden groepen vaak andere beslissingen nemen dan individuen. 

Toch wordt in de experimentele economie de rol van beslissers in beslissingen die in de 

echte wereld wellicht door een groep zouden worden genomen, in het laboratorium gespeeld 

door individuele proefpersonen. 

Deze thesis beschrijft een aantal experimenten die de rol van groepen in economisch 

gedrag bestuderen. We zijn geïnteresseerd in wat er binnen en tussen groepen gebeurt maar 

ook in hoe deze twee niveau‟s van invloed op elkaar zijn. De voornaamste methode die we 

hier voor gebruiken is het laboratoriumexperiment. Dit stelt ons in staat de groepsprocessen 

onder gecontroleerde condities te analyseren. Dit is vooral belangrijk bij het bestuderen van 

groepen, omdat bij groepen buiten het laboratorium talloze factoren een rol (kunnen) spelen 

die we moeilijk kunnen observeren en waar het derhalve moeilijk rekening mee houden is. 

Factoren zoals de geschiedenis van de groep of hoe de groepsleden met elkaar omgaan, 

communiceren, etc.. 

De focus van de experimenten die worden beschreven in hoofdstukken 2 en 3 ligt 

vooral op het bestuderen van mogelijke verschillen in beslissingen genomen door groepen en 

door individuen. De resultaten van de bestaande literatuur die groepen en individuen 

vergelijkt, kunnen grofweg in twee categorieën worden ingedeeld: groepen maken betere 

keuzes en groepen maken andere keuzes. 

Het idee dat groepen betere beslissingen nemen dan individuen kan worden 

samengevat met behulp van het spreekwoord dat „twee (of meer) meer weten dan één‟. De 

redenering achter dit idee is dat, door het samenbrengen van verschillende mensen met hun 

eigen kennis en vaardigheden, een groep meestal beter presteert dan een invididu. Ook zou 

het zo kunnen zijn dat het groepsbeslissingsproces – de discussie over de te nemen 

beslissing, het uitwisselen van argumenten etc. – leidt tot een beter begrip en betere keuzes. 

Voor beslissingen met een aanwijsbaar juist antwoord is de beargumentering eenvoudig. Stel 

dat een bepaald deel van de populatie het juiste antwoord weet en de rest niet dan is 

statistisch gezien de kans dat één van n personen het juiste antwoord weet altijd groter dan 

dat een willekeurig individu het juiste antwoord weet. In een economische context is het 

probleem dat het niet altijd duidelijk is wat de juiste keuze is. Bovendien, omdat 

bijvoorbeeld voorkeuren ook een rol spelen, is er in veel economische situaties sowieso niet 

altijd sprake van een aanwijsbaar juiste beslissing. 

De tweede categorie beschrijft het idee dat mensen zich vaak anders gedragen 

wanneer ze in een groep zijn dan als individu. Hiermee wordt niet alleen bedoeld dat de 

beslissing afhangt van hoe de voorkeuren van de groepsleden worden samengebracht in de 



115 

 

uiteindelijke groepsbeslissing, maar ook dat het lid zijn van een groep – door de interactie en 

discussie met de overige leden of gewoon simpel door het gevoel tot een bepaalde groep 

horen – een effect kan hebben op iemands voorkeuren. In een economische context is het 

vooral interessant dat men vaak vindt dat groepen competitiever zijn dan individuen. Dit 

effect is vooral gebaseerd op onderzoek in zgn. Prisoner‟s Dilemma‟s waar groepen vaker de 

non-coöperatieve optie kiezen dan individuen. Aangezien de non-coöperatieve optie in een 

Prisoner‟s Dilemma ook – in speltheoretische termen – de dominante strategie is kunnen we 

echter niet eenvoudigweg concluderen dat groepen competitiever zijn dan individuen. Het 

kan ook zo zijn dat het betekent dat groepen de situatie beter begrijpen en rationeler 

handelen.  

Het experiment beschreven in hoofdstuk 2 is specifiek geconstrueerd om onderscheid 

te kunnen maken tussen deze twee verklaringen. We vergelijken beslissingen door groepen 

en individuen in een inter-temporele common pool situatie. Het experiment werd aan de 

proefpersonen gepresenteerd in abstracte termen maar ze spelen, als het ware, de rol van 

visser en dienen te beslissen hoeveel vis uit een vijver te halen waarbij rekening gehouden 

dient te worden met het feit dat hoe meer vis er wordt gevangen, des te lager de prijs van vis 

op de markt is en dat meer vangst nú zal leiden tot minder beschikbare vis in de toekomst. 

We kijken naar twee situaties. In de eerste is er één visser – individu of groep – per vijver. 

De situatie is nu een puur inter-temporeel probleem. In de tweede situatie zijn er drie vissers 

– wederom individu of groep – per vijver. Naast het inter-temporele probleem spelen er nu 

ook strategische afwegingen. De resultaten laten zien dat groepen in de eerste situatie beter 

zijn in het oplossen van het inter-temporele probleem; groepen kijken (iets) verder in de 

toekomst. Daarnaast zien we echter ook dat dit voordeel verdwijnt in de strategische situatie 

omdat groepen onderling aanzienlijk competitiever zijn (en sneller meer vis uit de vijver 

halen) dan individuen. Een analyse van de groepsbeslissingen laat zien dat deze hogere 

competitiviteit komt zowel doordat proefpersonen competitievere voorstellen doen als ze 

onderdeel zijn van een groep (dan als individuele beslisser) als wel doordat de median voter 

in een groep competitiever wordt als gevolg van het groepsbeslissingsproces. We vinden ook 

dat groepen die bij meerderheid beslissen al vanaf het begin van het spel competitiever zijn 

dan individuen en dat groepen die unaniem dienen te beslissen in de loop van tijd 

competitiever worden. 

In het experiment in hoofdstuk 3 speelt het groepsbeslissingsproces een nog grotere 

rol. Het idee achter dit experiment is dat op het gebied van industriële organisatie – de studie 

naar hoe bedrijven met elkaar interacteren in markten – de verschillende 
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managementvormen die bedrijven gebruiken van invloed kunnen zijn op de uitkomst van 

hun beslissingen. In een oligopolie situatie waar de aanbieders met elkaar concurreren op 

basis van de prijs (een zgn. Bertrand pricing game) en waarin voor de spelers op de markt de 

mogelijkheid bestaat prijsafspraken (niet-bindend, maar wel het risico van een boete met 

zich meebrengend) te maken, bestuderen we individuele beslissingen en beslissingen 

genomen door groepen. Groepen die respectievelijk unaniem dienen te beslissen, bij 

meerderheid of waarbij één van de groepsleden (willekeurig) is aangewezen om namens de 

groep te beslissen. Wat betreft competitiviteit – gemeten aan de hand van het (eventueel 

lagere) prijsniveau en het aantal prijsafspraken – vinden we geen verschil tussen individuele- 

en groepsbeslissingen. Er zijn wel interessante verschillen tussen de verschillende 

groepsbeslissingsprocedures. Het meest opvallende resultaat is dat groepen waarbij één lid 

verantwoordelijk was voor de beslissing – groepen met een leider – beter samenwerkten met 

andere groepen en hogere winsten behaalden.  

Het vierde hoofdstuk focust meer op wat er binnen een groep gebeurt en gaat verder 

in op het concept van leiderschap. In een groep is het vaak een probleem dat de leden niet 

goed met elkaar samenwerken of hun acties niet op de juiste manier met elkaar coordineren. 

Leiderschap zou hierbij een mogelijke oplossingen kunnen zijn. Alhoewel het precieze effect 

van leiderschap natuurlijk afhangt van de vorm waarop leiderschap plaatsvindt (en de 

invulling hiervan door de leider). Het experiment in dit hoofdstuk bestudeert leadership by 

example; een situatie waarbij een lid de groep leidt door zijn of haar beslissing publiekelijk 

vóór de rest van de groep te nemen. In een coördinatiespel vergelijken we situaties waarbij 

groepsleden allemaal gelijktijdig hun beslissing nemen met groepen waarbij een leider vóór 

de rest kiest en de overige groepsleden deze keuze, voordat zij zelf hun keuze maken, 

observeren. In principe zou het feit dat één groepslid publiekelijk zijn of haar keuze vóór de 

overige groepsleden maakt geen (positief) effect hebben op het coördinatieprobleem maar de 

resultaten laten zien dat dit wel het geval is en dat groepen met een leider tot betere 

uitkomsten komen. Het lijkt niet uit te maken of de leider zichzelf vrijwillig als leider 

opwerpt of dat de leider willekeurig is aangewezen. 
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