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Abstract 

Behavioural economics highlights the role of social preferences in economic decisions. 
Further, populations are heterogeneous; suggesting that group composition may impact 
the ability to sustain voluntary public goods contributions. This parallels research in 
public economics where fractionalization negatively impacts provision. We conduct 
agent-based simulations of contributions in a public goods game, varying group 
composition and the weight individuals place on their beliefs versus their underlying 
social preference type. We then examine the effect of each of these factors on 
contributions. We find fractionalization in social preference types negatively impacts 
provision, even controlling for the share of types in a group. 

Keywords: social preferences, agent-based simulation, group composition, beliefs 

JEL classification: C63, D03, H41, I3 



 

The World Institute for Development Economics Research (WIDER) was 
established by the United Nations University (UNU) as its first research and 
training centre and started work in Helsinki, Finland in 1985. The Institute 
undertakes applied research and policy analysis on structural changes 
affecting the developing and transitional economies, provides a forum for the 
advocacy of policies leading to robust, equitable and environmentally 
sustainable growth, and promotes capacity strengthening and training in the 
field of economic and social policy making. Work is carried out by staff 
researchers and visiting scholars in Helsinki and through networks of 
collaborating scholars and institutions around the world. 

www.wider.unu.edu publications@wider.unu.edu 

 
UNU World Institute for Development Economics Research (UNU-WIDER) 
Katajanokanlaituri 6 B, 00160 Helsinki, Finland 
 
Typescript prepared by Anne Ruohonen at UNU-WIDER 
 
The views expressed in this publication are those of the author(s). Publication does not imply 
endorsement by the Institute or the United Nations University, nor by the programme/project sponsors, of 
any of the views expressed. 

Acknowledgements 

We would like to thank Laura Ahmadi for providing research assistance on this project. 
Additionally we would like to thank Bruck Tadesse for providing access to an extra 
server to test the simulation model using different configurations. Pablo Lucas 
acknowledges institutional support from the Dynamics Lab, of University College 
Dublin. Views expressed here are not necessarily those of the World Bank or its 
member governments. 

 

 



 1

1 Introduction 

Adequate public goods provision is an important determinant of the welfare of the poor 
as well as overall poverty reduction (Besley and Ghatak 2006; Fan et al. 1999; Fan et al. 
2002; Squire 1993; World Bank 1990). Examples of these welfare-enhancing public 
goods include health services (e.g., Besley and Ghatak 2006; Chen et al. 1999), schools 
(e.g., Alesina et al. 1999; Besley and Ghatak 2006; Labaree 1997), clean water (and the 
supporting infrastructure required, e.g., Besley and Ghatak 2006; Shafik 1994), urban 
sanitation (e.g., Alesina et al. 1999; Shafik 1994) and roads (e.g., Alesina et al. 1999; 
Besley and Ghatak 2006). Providing an adequate level of these and other public goods 
in a society is important for the overall well-being of the citizenry.  

Unfortunately, traditional economic analysis suggests under-provision of these vital 
goods (Hardin 1968; Olson 1965). Under-provision of voluntarily provided public 
goods stems from individuals selfishly considering only their own costs and benefits 
associated with providing the good without regard for the benefits accrued to others 
(Cornes and Sandler 1996: 6). As phrased by Olson: ‘rational, self-interested individuals 
will not act to achieve their common or group interests’ (1965: 2).  

Central to this dire conclusion is the hypothesis that all individuals are selfish. Insights 
from behavioural and experimental economics suggest that, while individuals often 
make choices in keeping with their own self-interest, many individuals are willing to 
sacrifice their own well-being in order to improve the lot of others (for a recent review 
see Gächter 2007). Further, significant heterogeneity in this underlying social 
preference has been documented (e.g. de Oliveira et al. 2011; Fischbacher et al. 2001; 
Fischbacher and Gächter 2010).  

Previous research has well-documented a negative relationship between group 
heterogeneity and public goods provision (e.g., Alesina et al. 1999; Miguel and Gugerty 
2005; Vigdor 2004). Group composition may also impact provision with this social 
preference heterogeneity in a society (e.g., de Oliveira et al. 2011; Fischbacher and 
Gächter 2010; Gächter and Thöni 2005). We therefore conduct an agent-based 
simulation to systematically vary and examine the role of social preference type 
composition in sustaining the voluntary provision of public goods by building upon the 
results of Fischbacher and Gächter (2010). Agent-based simulations are particularly 
useful in this area since the composition of populations cannot be exogenously varied 
and simulations runs can be systematically analysed. 

Specifically we conduct an agent-based simulation where we vary the social preference 
composition of the group. We examine public goods provision in these groups under 
several rules for determining contributions: entirely based on the social preference and 
three models that weight preference and belief based on the results in Fischbacher and 
Gächter (2010). We then examine the role of group composition in provision, paying 
particular attention to the impact of preference-heterogeneity. We find that 
fractionalization within a group contributes to the decline of voluntary contributions, 
and that this decline may offset gains from preference-heterogeneity (such as, including 
social preference types which contribute positive amounts in equilibrium). These results 
extend the prior literature, which has examined fractionalization based on observable 
characteristics. Similar to other fractionalization studies, these results suggest that 
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creating more homogeneous groups could be Pareto-improving. Additionally, results 
suggest that current estimates may be overlooking a key source of heterogeneity in 
voluntary provision. 

2 Previous research 

The willingness of individuals in poverty to band together to help improve both their 
own welfare and the welfare of the members in their community can be impacted by 
many factors. It is not uncommon for the poor to help others in their social circle when 
needed (e.g. Collins et al. 2009). Further, voluntarily provided public goods may be 
particularly vital to well-being in these low-income communities since aid from the 
state may be insufficient or misdirected, particularly with the current round of austerity 
measures. Our study intersects several existing lines of research, and we will discuss 
each in turn. 

2.1 Diversity, public goods, and welfare 

Perhaps the most direct established link between diversity and welfare is a well-
documented relationship between diversity and growth, though there is some debate as 
to whether the mechanism is causal (Alesina et al. 2003; Easterly and Levine 1997). 
Rising incomes directly improve welfare, but this is not the only mechanism through 
which diversity may impact welfare. Importantly, racial fractionalization has been 
suggested to be negatively related with infrastructure development (Alesina et al. 2003), 
which may hamper both current and future well-being.1 Additionally, fractionalization 
is correlated with governance quality (Alesina et al. 2003; La Porta et al. 1999; Mauro 
1995). As populations become more diverse these effects may be exasperated. 

Fractionalization, also referred to as heterogeneity or diversity, has been shown to 
negatively impact the provision of public goods. The negative relationship holds for a 
broad spectrum of goods, including: goods provided by the government (e.g. Alesina et 
al. 1999; Banerjee and Somanathan 2007), goods that are voluntarily provided (e.g., 
Miguel and Gugerty 2005; Vigdor 2004), and for participation in the community (e.g., 
Alesina and La Ferrara 2000; Costa and Kahn 2003). It is important to note that 
heterogeneity may occur along many dimensions, including race or ethnicity as well as 
language (e.g., Alesina et al. 1999; Costa and Kahn 2003; Easterly and Levine 1997), 
income (e.g. Costa and Kahn 2003), and birthplace (e.g., Costa and Kahn 2003).  

While the negative relationship between fractionalization and public good provision is 
well documented, appropriate social policies can help overcome these divisions (e.g., 
Banerjee and Somanathan 2007; Miguel 2004). Doing so will help increase the well-
being of the poor, as documented through the link between public goods provision and 
                                                

1 Fractionalization in the literature is generally measured using the ethnolinguistic fractionalization index, 
ELF, which is one minus the Herfindahl index of group shares. In a population that is completely 
homogeneous, it takes on a value of zero. In a population that is completely fractionalized, it takes on a 
theoretical maximum of one. The interpretation of the variable is the probability that two randomly 
selected individuals in the population will belong to separate ethnolinguistic groups (Easterly and Levine 
1997). 
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welfare (discussed in the previous section. e.g., Besley and Ghatak 2006; Fan, Hazell 
and Thorat 1999; Fan et al. 2002; Squire 1993; World Bank 1990). Further, since 
diversity could theoretically be positively related to growth by spurring new ideas and 
innovation, if the negative spiral can be broken, then the positive effects may be free to 
express themselves. One way to break the spiral may be through appropriately designed 
institutions (Easterly 2001). 

Due to the absence of data, previous studies have not investigated the possible 
relationship between social preference heterogeneity and voluntary provision, which we 
do. We find that the negative impact of fractionalization extends to this domain. We 
now turn to a discussion of the social preference and group composition literatures. 

2.2 Social preferences, group composition, and public goods 

These studies point to the negative effects that social diversity can have in economies in 
general (Alesina et al. 2003; Easterly and Levine 1997; La Porta et al. 1999; Mauro 
1995) and on public goods provision in particular (Alesina et al. 1999; Miguel and 
Gugerty 2005; Vigdor 2004). The typical approach is to rely on demographics like 
ethnicity to examine heterogeneity and then argue that this heterogeneity impairs the 
ability of social preferences—like trust or conditional cooperation—to function. This is 
due, at least in part, to the inability to either measure or affect social preference 
diversity on a large scale. Studies that have examined social preferences in this setting, 
via survey measures, have found higher self-reported levels of trust related to growth 
(Zak and Knack 2001).  

The control available through experimentation has robustly determined that individuals 
are willing to sacrifice their self-interest in order to help others (Camerer and Fehr 2004; 
Charness and Rabin 2002; Fehr and Fischbacher 2002; Henrich et al. 2001; Roth et al. 
1991). Further, a set of distinct social preference types and been identified and 
measured experimentally (Ahn et al. 2003; Burlando and Guala 2005; de Oliveira et al. 
2011; Fischbacher and Gächter 2010; Fischbacher et al. 2001; Herrmann and Thöni 
2009; Kurzban and Houser 2005).  

In addition to the traditional Nash (or selfish) type of individual, several common social 
preference types have been identified. Conditional cooperators, or reciprocators, make 
up the largest proportion of the population and are individuals who will give more when 
they believe others will give (Burlando and Guala 2005; Croson 2007; de Oliveira et al. 
2011; Frey and Meier 2004; Fehr and Gächter 2000; Fischbacher and Gächter 2010; 
Fischbacher et al. 2001; Kurzban and Houser 2005). In fact, a strict conditional 
cooperator will give exactly what he expects others to contribute. Unconditional 
cooperators, also referred to as just cooperators, are individuals who give a set amount 
no matter what others give (Burlando and Guala 2005; de Oliveira et al. 2012; Kurzban 
and Houser 2005).2 Pure altruists want the public good to be provided but prefer for 
someone else to provide it,3 which results in own contributions decreasing in the 

                                                

2 This is also referred to as unconditional commitment (see Collard 1978; Sudgen 1984). 

3 Note that the economic definition of altruism differs substantially from the conventional use of the 
word. We will employ the term in keeping with the profession. Under this definition, as other group 



 4

contributions of others (Croson 2007; de Oliveira et al. 2012). Threshold players are 
individuals who will refuse to contribute until others are giving what they deem as 
‘enough’ and then will contribute fully (de Oliveira et al. 2012). Finally, hump, also 
referred to as triangle, players are individuals who behave like a conditional cooperator 
when group members are contributing low amounts and behave like a pure altruist when 
group members are contributing high amounts (de Oliveira et al. 2012; Fischbacher and 
Gächter 2010; Fischbacher et al. 2001; Herrmann and Thöni 2009).  

Papers that focus on identifying types generally report results of the free-riders, 
conditional cooperators, and hump and then lump all other types into an ‘other’ category 
(e.g., Fischbacher et al. 2001; Herrmann and Thöni 2009). We allow all types in the 
estimation in the interest of completeness. Further details about the preference types and 
their implementation in the simulation are discussed in section 3. 

Social welfare in public goods games, measured as the total earnings of subjects or as 
contributions as a per cent of the social optimum, are higher in groups with more 
conditional cooperators in them (e.g., de Oliveira et al. 2011; Kurzban and Houser 
2005). Likely, other social preference types and the composition of these preference 
types related to welfare. Since some of these types comprise only a small portion of the 
population, it would be difficult to conduct a study incorporating and systematically 
varying all types. We therefore conduct an agent-based simulation to examine the issue. 

3 Agent-based simulation 

An agent-based model has been developed to simulate the contributions of individuals 
to a public good.4 In the typical public goods game, agents receive an endowment 
which they can distribute between an individual account and a group account. Tokens 
deposited in the individual account are kept by the agent while contributions sent to the 
group account are multiplied by some factor and divided evenly between all agents.5 So 
long as the factor is strictly greater than one and strictly less than the group size this 
game results in a distinct Nash equilibrium (i.e. participants decide to keep everything) 
and a distinct social optimal (i.e. participants decide to contribute all tokens to the group 
account). For purposes of our simulation, agents are programmed as adhering to a 
strategy. That in turn may be determined by their preferences and their beliefs, rather 
than by an equation for payoff-maximization. We are able to do this since the payoff-
maximizing strategy is always the same in the game with finite rounds, to contribute 
zero. Each individual agent is configured to adhere to a behavioural social preference 
type. The strategy employed may then be completely determined by preference type, 
completely determined by beliefs or determined by a combination of type and beliefs. 
The agent strategy is then executed over ten rounds with the same group members. 
                                                                                                                                          

members give more to the public good the pure altruist will actually give less: The giving of others 
crowds out own-giving (as set out in Croson 2007; see also Andreoni 1989, 1990 as well as Becker 1974).  

4 The public goods multi-agent simulator can be accessed at http://cfpm.org/~pablo/pgabm/ 

5 The linear VCM, which is generically referred to as the public goods game, was first studied 
experimentally in Marwell and Ames (1979) and has been systematically reviewed since then. For 
systematic reviews of the literature, see Chaudhuri (2011), Davis and Holt (Chapter 6, 1994), Ledyard 
(1995), and Zelmer (2003). 
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Specifically, agent i calculates her contribution to the public good ( ) at time t using 
the following equation: 
 

         (1) 
 
Where  is agent i’s underlying preference at period t,  is agent i’s subjective 
belief at period t. Furthermore, agent i’s preference may be a function of her beliefs 

 (see eq. 3 below), depending on preference type. Hence, agent i’s contribution is a 
weighted average of her preferences and beliefs, where the weights  are set by the 
model.  

We estimate four models which vary the strategy employed by the agents. These include 
one based solely on preference type and three which weight preferences and beliefs 
using the estimation results from Fischbacher and Gächter 2010. Specifically, these are:  

• Fully preference driven: where  and ; 
• Belief model 3 (  and );  
• Belief model 4a (  and ); and  
• Mixed belief model 4b-c (where  and  for the first five 

rounds, and  and  for the last five rounds). 
 
The agent behaviour can be further configured according to a belief model. In all 
instances, agent beliefs are determined in the first period through a random draw 
between zero and the maximum possible contribution. After the initial round, beliefs are 
computed using the following formula: 

       (2) 
 
Thus, agent i’s belief in period t ( ) is simply the weighted average of others 
contributions at period t-1 ( ) and agent i’s own beliefs in period t-1 ( ). The 
weights on others contributions and own beliefs follow Beliefs model 3 in Fischbacher 
and Gächter (2010). Since we focus on the role of group composition, rather than 
information about the composition, we do not allow the first-round beliefs to vary by 
group composition.6 

The general formulation of agent i’s underlying preference is given by the following:  

         (3) 
 

Where  and  are preference parameters, and  is a stochastic error term. We model 
two both unconditional and conditional players. Within each of these are further 
distinctions leading to a total of nine different preference types: 

                                                

6 Further, we do not allow first-round beliefs to vary by type, though there is some evidence to suggest 
that it would be a reasonable extension in further work (e.g., Orbell and Dawes 1993). 
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Unconditional types: These social preference types have underlying preferences that are 
independent of their beliefs about the amount contributed by other group members (i.e. 

): Burlando and Guala 2005; de Oliveira et al. 2011, 2012; Fischbacher and 
Gächter 2010; Fischbacher et al. 2001; Herrmann and Thöni 2009; Kurzban and Houser 
2005. Within this broad categorization, we have five distinct preference types: 

• Free riders : The underlying preference is set to zero for all periods, 
which is the Nash equilibrium in the linear Voluntary Contribution Mechanism 
(VCM) regardless of the other types in the group (e.g., Burlando and Guala 
2005; de Oliveira et al. 2011; Fischbacher and Gächter 2010; Fischbacher et al. 
2001; Herrmann and Thöni 2009). 

• Low cooperators : The underlying preference in the first period is 
set by a random draw within the lower half range of the maximum possible 
contribution, excluding the lowest value (and thus, distinct from the free rider 
type) for every simulated period. 

• High cooperators : The underlying preference in the first period is 
set by a random draw within the upper half range of the maximum possible 
contribution, excluding the top value for every simulated period. 

• Maximum cooperators : The underlying preference in the first period 
is set to the maximum possible contribution for every simulated period.  

• Noisy players : Some individuals do not have well-defined preferences 
in this environment, while others may be confused or make decisions with 
errors. To allow for this possibility, we include a player whose preference is 
‘noisy’ (Burlando and Guala 2005; de Oliveira et al. 2012; Fischbacher et al. 
2001). In every round, the underlying preference is calculated by a random draw 
within the full range from the lowest to the highest value of the maximum 
possible contribution. 
 

Conditional types: These social preference types have underlying preferences that are 
conditional on their beliefs about the amount that group members will contribute (i.e. 

): Burlando and Guala 2005; de Oliveira et al. 2011, 2012; Fischbacher and 
Gächter 2010; Fischbacher et al. 2001; Herrmann and Thöni 2009; Croson 2007. Within 
this broad categorization, we have four distinct preference types: 

• Conditional cooperators : This type of an agent has a preference for 
contributing the amount according to the belief regarding how other group 
members will contribute in a given period t (e.g., Burlando and Guala 2005; de 
Oliveira et al. 2011; Fischbacher and Gächter 2010; Fischbacher et al. 2001; 
Herrmann and Thöni 2009).  

• Pure altruists : Under the economic definition of pure altruism, 
individuals prefer to have the good provided, but prefer for someone else to 
provide the good. This means that they prefer to contribute less as their beliefs 
about other group members increase (Croson 2007; de Oliveira et al. 2012).  

• Threshold players : Individuals with this social 

preference type prefer not to contribute when they believe other group members 
are giving less than their threshold amount and prefer to contribute fully when 
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their beliefs about their group members are above their threshold amount (de 
Oliveira et al. 2012). The threshold level has been set to half the maximum 
possible contribution for all agents. 

• Hump (triangle) players : individuals with this 

social preference type prefer to behave like conditional cooperators for low 
levels of beliefs about others giving, and like pure altruists for high levels of 
beliefs about others giving (de Oliveira et al. 2012; Fischbacher and Gächter 
2010; Fischbacher et al. 2001; Herrmann and Thöni 2009). Similar to threshold 
players, the threshold level has been set to half the maximum possible 
contribution for all agents. 

 
Note that for the models where beliefs are absent (the fully preference driven model), 
actual contributions of others at period t-1( ) are used to calculate preferences (in eq. 
3 above) for all conditional types. 

The overall group composition is defined by how many agents are set per preference 
type. Groups can be created with an arbitrary number of participants and each 
participant will have a stable social preference type associated throughout the 
simulation runs.  

The simulation model is initialized by first computing the group size, setting the 
maximum possible contribution and whether results will be plotted at runtime or written 
to a text file. Every individual agent is created with an underlying preference type and, 
if set, also a belief model. Each simulation run is asynchronous (i.e. agent types are 
processed without a fixed order to avoid computational path dependency), yet each 
simulated period will compute the following: 

1. If beliefs are included, a random initial belief (ranging from zero to the 
maximum possible contribution) for every type of agent in the simulated group. 

2. Unconditional low and high cooperators randomly generate a preference 
respectively within the lower and upper half of the maximum possible 
contribution respectively. 

3. Noisy cooperators randomly generate a preference within the entire contribution 
space. 

4. Every type of agent computes its individual contribution based on Equation 1. 
5. If beliefs are included, every individual agent updates beliefs based on 

Equation 2. 
6. If the final period has been reached, halt the simulation, otherwise repeat from 

step 4. 
 
Each group is simulated independently, so that the simplified pseudo-algorithm 
described above is executed in every run. That also includes the individual calculation 
of beliefs and preferences. The pseudo-random values included in the simulation model 
were implemented using the Mersenne twister method (Matsumoto and Nishimura 
1998) to compute uniform distributions. These include the aforementioned initial 
random setting of values for certain agent types and a new value for each period for the 
noisy agent. Due to these non-deterministic features, the model is not fully driven by the 
initial conditions set by how the simulation has been configured. Yet, further to that, 
one should also notice that beliefs and contributions are not calculated with errors.  
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4 Description of data 

Using the agent-based simulation described in the preceding section we generate the 
data. The dependent variable in the analysis is the average number of tokens contributed 
to the group account, ranging from 0 (the Nash equilibrium) to 20 (the social optimum). 

The data uses groups of four agents, which parallels both the experimental and 
simulation results in Fischbacher and Gächter (2010). Groups are allowed to vary 
between completely homogeneous to completely heterogeneous groups and all possible 
combinations in between making use of all nine preference types. This results in 495 
distinct group compositions. For each group composition the simulation runs 100 
separate times with ten rounds for each run. This results in a data set of 49,500 groups 
and 495,000 data points for each of the four models. 

In accordance with Fischbacher and Gächter (2010), the data for belief model 4a and 
mixed belief model 4b-c are restricted to three agent types (free riders, conditional 
cooperators, and hump players), yielding 15 distinct group combinations. With ten 
rounds executed a hundred independent times, this process generates a sample of 15,000 
data points. Fischbacher and Gächter (2010) note that every other type is excluded in 
their models because these (approximately ten per cent of their sample) are denoted as 
‘confused subjects’ meaning that they were unable to classify these agent types. Since 
we utilize their parameters, we restrict our sample as well. For the interested reader, 
models 4a and 4b-c are rerun will all agent types (Table A.2 in the appendix). 

5 Results 

We now turn to our analysis of the social welfare achieved in each of these simulated 
groups. Recall that the unit of observation is the average number of tokens contributed 
to the group account. Since the social optimal in the linear VCM is full (20-token) 
contributions, higher numbers are indicative of higher levels of welfare attained.  

Since the data set generated is a panel (49,500 groups with ten periods each), data are 
analysed as a random effects regression. Since all group compositions are exogenously 
varied we do not need to be concerned with endogeneity of the explanatory variables. 
The level of fractionalization within a group is calculated using the following formula 
(following Easterly and Levine 1997): 

        (4) 
 
where  is the level of fractionalization in a group. Based on previous work on 
diversity in public goods provision (e.g., Alesina et al. 1999; Alesina and La Ferrara 
2000; Banerjee and Somanathan 2007; Costa and Kahn 2003; Miguel and Gugerty 
2005; Vigdor 2004), we expect a negative relationship between fractionalization and 
contributions to public goods. To test this hypothesis, we estimate the following model:  

     (5) 
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where g=1,..,G indexes groups, and t indicates the period.  is group g’s average 
contribution to the public good in period t;  is the period;  is level of 
fractionalization for group g;  is group g’s average contribution to the public good in 
period t;  is the idiosyncratic random effect of group g, and  is the error term. We 
conduct this analysis for four different weights on beliefs and preferences (in 
accordance with Fischbacher and Gächter 2010). 

For the fully preference driven model (model 1 in Table 1), we find the contributions 
decline over time at 0.04 per period (p<0.001), which is substantially lower than what is 
observed in actual data. In addition, the level of fractionalization within a group does 
not impact contributions (p=0.790). This is not a surprising result since all changes in 
group contributions are explained by the composition of the group (see Table 2). In this 
simulation model, contributions are calculated asynchronously but deterministically 
according to the individual agent preferences. 

 

Table 1: Group contributionsa, b, c, d 

 

 [1] [2] [3] [4] 

 Preferences FG Model 3 FG Model 4a FG Model 4b-c 

 α = 1 

β = 0 

α = 0.242 

β = 0.666 

α = .0443 

β = 0.545 

α = 0.385 {0.614} 

β = 0.582 {0.376} 

Period -0.043*** -0.258*** -0.383*** -0.443*** 

 (0.001) (0.000) (0.002) (0.002) 

Fractionalization index -0.036 -0.115† -1.350*** -1.503*** 

 (0.134) (0.068) (0.320) (0.302) 

Constant 9.717*** 9.087*** 8.461*** 8.550*** 

 (0.083) (0.042) (0.138) (0.130) 

Between R2 0.000 0.000 0.012 0.016 

Within R2 0.006 0.497 0.738 0.739 

Overall R2 0.000 0.094 0.153 0.208 

Chi2 (P) 2547.8 (0.0) 439453.7 (0.0) 38043.3 (0.0) 38306.0 (0.0) 

Observations 495000 495000 15000 15000 
a Random effects regressions. Dependent variable is average contributions to the public good 
by a group. 
b † 10%, * 5%, ** 1%, *** 0.1% significance level. 
c Standard errors in parentheses. 
d Model 1 estimates the equation for the fully preference driven model. Model 2-4 incorporate 
beliefs, and estimate the equation for belief model 3, belief model 4a, and mixed belief model 
4b-c, respectively. 

Source: Authors’ own calculations. 
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Once we introduce beliefs (models 2-4), we observe a statistically significant negative 
relationship between contributions and fractionalization. Model 2 incorporates all nine 
preference types, and weights the contribution decision on preference type and beliefs in 
accordance with Fischbacher and Gächter’s (2010) belief model 3, where α=0.242 and 
β=0.666. Here, we see a sharp decline in contributions (0.26 per period, p<0.0001). 
Fractionalization is negative and only marginally significant (p<0.10). 

For models 3 and 4 (belief model 4a with α=0.443 and β=0.545 and mixed belief model 
4b-c where α=0.385 and β=0.582 for the first five rounds, and α=0.614 and β=0.376 for 
the last five rounds), the sample size is reduced to 15,000 since we restrict our sample to 
three preference types (free riders, conditional cooperators, and hump players). Here, 
we see period is negative and significant (p<0.0001) and increases in magnitude, 
indicating a sharper decline in contributions over time. In addition, the coefficient on 
the fractionalization index is still negative, but is higher in magnitude and significance 
(p<0.0001).  

These results confirm the relationship between diversity and contributions to public 
goods, but lend support to the importance of beliefs in understanding the negative 
effects of fractionalization. In considering ethnicity, Habyarimana et al. (2007) find that 
the negative influence of diversity can be traced to individuals using different strategies 
when playing with playing with co-ethnics (to cooperate) than when they do not. This 
strategy selection may be supported by beliefs. Our results suggest that the role of 
beliefs may be even more fundamental: since beliefs impact choices both independently 
and via preferences (for some types), small differences in beliefs can lead to large 
differences in behaviour. 

We next turn our attention to the marginal contribution of different preference types to 
welfare. The data generated by the simulation contains each combination of the nine 
different preference types in groups of four. To estimate the impact of preference types 
on group contributions, we estimate the following model: 

 (6) 
 
Where  is the vector of coefficients of social preference types, l=1,…,9 and indexes 
type. Each preference type control is the number of each social preference type in the 
group and ranges from 0 to 4. Free riders are the omitted category, so all coefficients are 
interpreted as relative to a group of four Free rider preference types. This allows 
straightforward comparison with the results put forward in traditional economic 
analysis, where all agents are assumed to be this type. Results are presented in Table 2, 
below.7 

 

                                                

7 For comparison, the appendix presents an alternative specification where ‘Conditional Cooperator’ is 
the omitted social preference type. The alternative specification was chosen since previous results suggest 
that in actual groups conditional cooperators make up the majority of the population (Fischbacher et al. 
2001). 
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Table 2: Composition and Group Contributionsa, b, c, d 

 

 [1] [2] [3] [4] 

 Preferences FG Model 3 FG Model 4a FG Model 4b-c 

 α = 1 

β = 0 

α = 0.242 

β = 0.666 

α = .0443 

β = 0.545 

α = 0.385 {0.614} 

β = 0.582 {0.376} 

Period -0.043*** -0.258*** -0.383*** -0.443*** 

 (0.001) (0.000) (0.002) (0.002) 

Fractionalization index -0.036 -0.115* -1.350*** -1.503*** 

 (0.070) (0.045) (0.211) (0.194) 

Low contributors 1.348*** 0.540***   

 (0.019) (0.013)   

High contributors 4.503*** 1.756***   

 (0.019) (0.013)   

Maximum contributors 5.857*** 2.376***   

 (0.019) (0.013)   

Noisy players 2.991*** 1.177***   

 (0.019) (0.013)   

Conditional cooperators 2.875*** 0.993*** 1.696*** 1.610*** 

 (0.019) (0.013) (0.041) (0.038) 

Pure altruists 3.124*** 1.355***   

 (0.019) (0.013)   

Threshold players 2.707*** 0.759***   

 (0.019) (0.013)   

Hump players 1.938*** 0.800*** 1.397*** 1.367*** 

 (0.019) (0.013) (0.041) (0.038) 

Constant -1.547*** 4.751*** 4.337*** 4.581*** 

 (0.066) (0.047) (0.131) (0.121) 

Between R2 0.727 0.472 0.573 0.596 

Within R2 0.006 0.497 0.738 0.739 

Overall R2 0.634 0.477 0.605 0.634 

Chi2 (P) 134067.1 (0.0) 483759.3 (0.0) 40036.0 (0.0) 40487.1 (0.0) 

Observations 495000 495000 15000 15000 
a Random effects regressions. Dependent variable is average contributions to the public good 
by a group. 
b † 10%, * 5%, ** 1%, *** 0.1% significance level. 
c Standard errors in parentheses. 
d Model 1 estimates the equation for the fully preference driven model. Model 2-4 incorporate 
beliefs, and estimate the equation for belief model 3, belief model 4a, and mixed belief model 
4b-c, respectively. 

Source: Authors’ own calculations. 
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We first note that the estimates for period and fractionalization remain unchanged from 
Table 1 except that fractionalization gains in statistical significance.  

For each estimation, coefficients on preference types are all positive and significant 
(p<0.0001). This is an artefact of using the traditional assumption of all free-riders as 
the omitted category. Moreover, these estimates are significantly different from each 
other (within each tested model). 

Model 1 in Table 2 presents the estimation results when contributions are fully 
preference driven. Starting with the unconditional types first, for each as the number of 
free riders in the group are replaced with low contributor types, overall contributions 
increase by 1.35 (p<0.0001). Each high contributor type increases contributions by 4.5. 
Maximum contributors have the highest impact on contributions at 5.86. Finally, noisy 
players positively impact contributions by 2.99. Overall, however, unconditional types 
have a higher average impact than conditional types. Among the conditional types, pure 
altruists have the highest impact on contributions at 3.12. Each conditional cooperator 
increases contributions by 2.88, while each hump player adds 1.94. Further to that, 
threshold players add 2.71. Comparing the two types with each other, we find that 
unconditional types (on average) have a higher impact on contributions (relative to free 
riders) than unconditional players.  

When beliefs are incorporated into agents’ contribution decisions, preferences play a 
smaller role, and hence, the magnitude of the coefficients drops substantially. Model 2 
in Table 2 reports these estimates. The ordering of increases remains the same as in the 
preference driven model. 

As the sample is restricted to the three most common preference types in models 3 and 4 
(free riders, conditional cooperators, and hump players), and the weight on preferences 
(relative to beliefs) increases, we find that the magnitude of the impact to contributions 
of replacing a free rider with either a conditional cooperator or a hump player is higher. 
For each conditional cooperator in the group, contributions increase by 1.7 (p<0.0001), 
and for each hump player, contributions increase by 1.4 (p<0.0001). In model 4, using 
different weights for the first five versus the last five rounds gives us the same result. 

Taken together, these results shed light on the importance of preference types on public 
good contributions. Certain preference types are more preferable than others for 
efficiency purposes. However, since group heterogeneity has a negative effect, the net 
effect of diversifying in order to increase efficiency would be lower than expected. One 
of the most striking results of the simulation is that diversity in preference type for 
otherwise identical agents has this negative impact on contributions. This characteristic 
is thus far more intrinsic than other observable differences amongst participants such as 
race, ethnicity, language, income, or birthplace. 

6 Closing discussion 

We conduct an agent-based simulation of individual contributions to public goods. We 
allowed agents to be configured with beliefs, and utilized those respectively updated 
values to calculate contributions in each simulated period based on the findings of 
Fischbacher and Gächter (2010). We identified nine distinct preference types in the 
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literature, and constructed agents to be simulated based on these types. We then 
systematically varied the composition for 4-agent groups playing a public goods game. 

We find that varying preference types in the group impacts efficiency, and welfare, of 
the group. Furthermore we find that unconditional contributors have a higher impact on 
contributions than conditional types. This exercise allows us to precisely estimate the 
marginal contribution of each preference type and to find that heterogeneity in 
preference types has an independent negative effect on contributions. A large stream of 
literature demonstrates a negative relationship between heterogeneity and public goods 
provision (Alesina et al. 1999; Miguel and Gugerty 2005; Vigdor 2004). We add to this 
literature by demonstrating that heterogeneity in intrinsic factors (i.e. preferences) 
further contributes to the overall decline in the provision of public goods. An interesting 
question for further research is whether observable factors reported in the literature 
(race, ethnicity, income, language, etc.) are correlated with different underlying 
preference types. Additionally, future work in this area should focus on examining 
various models of belief formation, and to also allow beliefs to vary according to 
preference types. 
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Table A.1: Group contributions relative to conditional cooperatorsa, b, c, d 

 

 [1] [2] [3] [4] 

 Preferences FG Model 3 FG Model 4a FG Model 4b-c 

 α = 1 

β = 0 

α = 0.242 

β = 0.666 

α = .0443 

β = 0.545 

α = 0.385 {0.614} 

β = 0.582 {0.376} 

Period -0.043*** -0.258*** -0.383*** -0.443*** 

 (0.001) (0.000) (0.002) (0.002) 

Fractionalization index -0.036 -0.115* -1.350*** -1.503*** 

 (0.070) (0.045) (0.211) (0.194) 

Free riders -2.875*** -0.993*** -1.696*** -1.610*** 

 (0.019) (0.013) (0.041) (0.038) 

Low contributors -1.527*** -0.453***   

 (0.019) (0.013)    

High contributors 1.629*** 0.763***   

 (0.019) (0.013)   

Maximum contributors 2.983*** 1.383***   

 (0.019) (0.013)   

Noisy players 0.117*** 0.184***   

 (0.019) (0.013)   

Pure altruists 0.250*** 0.362***   

 (0.019) (0.013)   

Threshold players -0.167*** -0.234***   

 (0.019) (0.013)   

Hump players -0.936*** -0.194*** -0.299*** -0.242*** 

 (0.019) (0.013) (0.041) (0.038) 

Constant 9.952*** 8.723*** 11.120*** 11.020*** 

 (0.066) (0.047) (0.131) (0.121) 

Between R2 0.727 0.472 0.573 0.596 

Within R2 0.006 0.497 0.738 0.739 

Overall R2 0.634 0.477 0.605 0.634 

Chi2 (P) 134067.1 (0.0) 483759.3 (0.0) 40036.0 (0.0) 40487.1 (0.0) 

Observations 495000 495000 15000 15000 
a Random effects regressions. Dependent variable is average contributions to the public good 
by a group. 
b † 10%, * 5%, ** 1%, *** 0.1% significance level. 
c Standard errors in parentheses. 
d Model 1 estimates the equation for the fully preference driven model. Model 2-4 incorporate 
beliefs, and estimate the equation for belief model 3, belief model 4a, and mixed belief model 
4b-c, respectively. 

Source: Authors’ own calculations. 
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Table A.2: Group contributions for beliefs model 4a and mixed belief model 4b-c for all 
preference types a, b, c, d 

 [1] [2] 

 FG Model 4a FG Model 4b-c 

 α = .0443 

β = 0.545 

α = 0.385 {0.614} 

β = 0.582 {0.376} 

Period -0.089*** -0.044*** 

 (0.001) (0.001) 

Fractionalization index -0.082 -0.043 

 (0.059) (0.058) 

Low contributors 0.893*** 0.909*** 

 (0.016) (0.015) 

High contributors 2.960*** 2.969*** 

 (0.016) (0.015) 

Maximum contributors 3.956*** 3.968*** 

 (0.016) (0.015) 

Noisy players 1.987*** 1.976*** 

 (0.016) (0.015) 

Conditional cooperators 1.832*** 1.767*** 

 (0.016) (0.015) 

Pure altruists 2.088*** 2.129*** 

 (0.016) (0.015) 

Threshold players 1.696*** 1.578*** 

 (0.016) (0.015) 

Hump players 1.397*** 1.414*** 

 (0.016) (0.015) 

Constant 2.245*** 1.855*** 

 (0.056) (0.055) 

Between R2 0.624 0.639 

Within R2 0.062 0.010 

Overall R2 0.569 0.549 

Chi2 (P) 112042.7 (0.0) 92142.4 (0.0) 

Observations 495000 495000 
a Random effects regressions. Dependent variable is average contributions to the public good 
by a group. 
b † 10%, * 5%, ** 1%, *** 0.1% significance level. 
c Standard errors in parentheses. 
d Model 1 estimates the equation for belief model 4a. Model 2 estimates the mixed belief model 
4b-c.  

Source: Authors’ own calculations. 
 




