
T
e

S
U

a

A
R
R
A
A

J
C
D
D
H

K
S
P
S
E

1

s
t
m
p
C
m
g
p

n
e
s
V
E
t
P
l
A

m

2
h

Journal of Behavioral and Experimental Economics 53 (2014) 1–9

Contents lists available at ScienceDirect

Journal  of  Behavioral  and  Experimental Economics

j ourna l h o mepage: www.elsev ier .com/ locate / jbee

he  effect  of  social  fragmentation  on  public  good  provision:  An
xperimental  study�

urajeet  Chakravarty,  Miguel  A.  Fonseca ∗

niversity of Exeter, United Kingdom

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 10 February 2014
eceived in revised form 24 July 2014
ccepted 25 July 2014
vailable online 4 August 2014

EL classification:
92
02
03

a  b  s  t  r  a  c  t

We  study  the  role  of  social  identity  in  determining  the  impact  of social  fragmentation  on  public  good  pro-
vision  using  laboratory  experiments.  We  find  that  as long  as  there  is some degree  of  social  fragmentation,
increasing  it leads  to lower  public  good  provision  by majority  group  members.  This  is  mainly  because
the  share  of those  in  the majority  group  who  contribute  fully  to the  public  good  diminishes  with  social
fragmentation,  while  the  share  of free-riders  is unchanged.  This  suggests  social  identity  preferences  drive
our  result,  as opposed  to self-interest.  Importantly,  we  find  no  difference  in contribution  between  homo-
geneous  and  maximally-fragmented  treatments,  reinforcing  our finding  that majority  groups  contribute
most  in  the  presence  of  some  diversity.

© 2014 Elsevier  Inc.  All  rights  reserved.
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. Introduction

We  live in an ever increasingly diverse world, whether mea-
ured in terms of ethnicity, religion or language. For instance, in
he US there has been an increase in the proportion of ethnic

inorities: while currently accounting for roughly one third of the
opulation, they are expected to become the majority in 2042 (US
ensus, 2008). Increasing social and ethnic diversity in societies

ay  have important economic consequences, namely on public

ood provision. Ethnic or social fragmentation has emerged as a
otential explanation for low public good provision in settings as
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essions. We  are also grateful to Yan Chen, Dirk Engelmann, Gareth Myles, Lise
esterlund and Daniel Zizzo; participants at the 2009 European ESA, the 2010 World
SA, the 2012 RES, the 2012 European Econometric Society conferences; and par-
icipants at seminars at the University of Exeter, ETH Zurich and the University of
ittsburgh for their comments and suggestions. An earlier version of this paper circu-
ated under the title “Social Identity, Group Composition and Public Good Provision:
n  Experimental Study.” The usual disclaimer applies.
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iverse as African countries (Easterly and Levine, 1997) and US
ities (Alesina, Baqir, and Easterly, 1999). A fundamental question
s why  this is the case. The literature on the effect of social fragmen-
ation on economic performance has identified two main causes for
he negative relationship between higher fragmentation and public
ood provision. On one hand, different social or ethnic groups may
refer different public goods (Poterba, 1998). On the other hand,
ifferent social groups may  dislike sharing a public good with one
nother (Luttmer, 2001).

Our paper investigates, using laboratory experiments, whether
igher social fragmentation leads to lower public good provision
nd to what extent identity-based discrimination can explain such
ehaviour. We  eliminate the possibility that different groups may
refer alternative public goods by allowing for only one public good
o which members of both groups may  contribute. We  generate
wo artificial groups in the lab, and we  exogenously change the
egree of fragmentation by varying the relative size of each group
laying the public good game. This allows us to measure the inter-
ction between social identity and fragmentation on public good
rovision cleanly.
Theories of inter-group relations in social sciences have argued
hat discriminatory behaviour across ethnic or religious lines stem
rom competition for resources (Allport, 1954; Sherif et al., 1988).
conomists have broadly taken two  approaches to model the role

dx.doi.org/10.1016/j.socec.2014.07.002
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although all groups are biased towards making inward looking
friendship ties, the most biased groups are the intermediate-sized
 S. Chakravarty, M.A. Fonseca / Journal of Beha

f social affiliation. The first approach emphasizes that group affil-
ation is an important tool to overcome market imperfections by
romoting trust among members of a given social group and there-
ore be able to overcome moral hazard problems (e.g. Bowles and
intis, 2004). At the core of this approach is a game-theoretic argu-
ent based on repeated interaction, in that more identical groups

hould be able to achieve and sustain cooperative outcomes as
quilibria via internal mechanisms of monitoring and social norm
nforcement. The second is to assume that a sense of group iden-
ity enters individual preferences. In this sense, individuals define
hemselves as a function of the group(s) to which they belong.1

s such, an individual may  shape his behaviour as a function of
roup norms (Akerlof and Kranton, 2000); or care not only about his
ell-being, but also about the well-being of his fellow group mem-

ers (Alesina and La Ferrara, 2000). This approach is in the spirit of
ocial identity theory, which explains the basis for discriminatory
ehaviour across groups (Tajfel and Turner, 1979).

In the spirit of the minimal group paradigm (Tajfel et al., 1971),
ubjects in our experiment selected their social group based on
heir preferences for paintings by two artists (Klee or Kandinsky).2

e  then randomly assigned subjects to six-player public good
ames, who then played in a fixed matching protocol for twenty
eriods. The main treatment condition was the degree of social
ragmentation, which ranged from fully homogenous (e.g. six ‘Klee’
layers) to the fully fragmented case (e.g. three ‘Klee’ players and
hree ‘Kandinsky’ players). We  find that a higher degree of social
ragmentation leads to significantly lower contribution levels by

embers of the majority group and the highest contribution lev-
ls by the majority are observed in the treatment with the lowest
evel of fragmentation. Interestingly, this result comes from a drop
n the share of players who  contribute maximally, rather than an
ncrease in the fraction of free-riders, which remains roughly con-
tant across treatments. However, subjects in the fully homogenous
reatment do not contribute more than subjects in highly frag-

ented treatments and contribute less than the majority group
embers in treatments with minimal levels of fragmentation. This

mplies that an in-group affiliation is a powerful driver for cooper-
tion, such that some diversity may  be beneficial; however, such
n affiliation only works in the presence of an out-group.

The remainder of the paper is organized as follows. The
ollowing section briefly reviews the empirical literature on frag-

entation, as well as the experimental literature on social identity.
ection 3 outlines the experimental design and procedures and Sec-
ion 4 presents the results. Section 5 concludes the paper.

. Summary of the literature

Recently, economists have started to study the broader eco-
omic impact of social and ethnic fragmentation on economic
erformance see Alesina and La Ferrara, 2005 for an extensive
eview). Alesina, Baqir, and Easterly (1999) find the provision of
ublic goods on a cross-section of U.S municipalities is inversely
elated to ethnic fragmentation. Khwaja (2009) finds that there
s a negative relationship between social heterogeneity and suc-
essful maintenance of public projects in rural Pakistan. Finally
iguel and Gugerty (2005) find that schools in Kenya from fully
omogeneous communities have 20% higher funding levels than
chools in communities with the highest degree of heterogene-
ty. They attribute this finding to the fact that social sanctioning

1 Tajfel (1970) argued that membership of social groups had an effect on individ-
al behaviour even if such membership had no survival benefit.
2 Note that in Tajfel et al. (1971), unlike our experiment, the decisions subjects
ade had no material consequences to themselves.
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f free-riders in those communities is easier within a social group,
ather than across groups. Other papers analyzing social fragmen-
ation and economic outcomes include La Porta et al. (1999) and
lesina et al. (2003) which find that ethnic fragmentation is nega-

ively correlated with infrastructure quality, literacy and positively
orrelated with child mortality. Easterly and Levine (1997) find a
egative correlation between growth and ethnic fragmentation.

Tajfel and Turner (1979) first demonstrated the effect of group
ffiliation on behaviour using experimental data. They showed that
ubjects playing simple distribution games as a third-party, neutral
ictator would discriminate in favour of in-group members (and
hus violating basic norms of equality), even when the basis for the
xistence of the group was quite minimal – in this case, it was based
n subjects’ preferences over paintings from two artists.

Most economics experiments focusing on the impact of group
dentity on cooperation have looked at pure in-group/out-group
ifferences in two-player cooperation games, where a subject
ither plays against an in-group member or an out-group member.3

otable exceptions are Eckel and Grossman (2005), Smith (2011)
nd Drouvelis and Nosenzo (2013). Eckel and Grossman (2005)
ooked at a team production experiment with groups of five. Their
esearch question was whether eliciting a common identity within

 group would raise effort levels. They found identity matters most
hen there is inter-group competition, i.e. when an out-group is
ade salient. Drouvelis and Nosenzo (2013) look at a three-person

ublic goods game in which one player contributes first and the
ther two  make their decision knowing what the first player has
ontributed. A common identity between the leader and the two
ollowers results in significant increases in contributions vis-à-vis
he case where no identity is present. Like our paper, Smith (2011)
ooks at the impact of diversity in a six-player public good games,
anging from low levels of diversity (five players from one social
roup and one of the other) to high (three players from each group).
mith (2011) however does not include a treatment with full homo-
eneity, or a treatment where group identity is absent. Moreover,
his experiment is implemented in a within-subjects design, where
ll subjects play in all diversity conditions, while ours which is
mplemented in a between-subjects design. Smith (2011) exper-
ment also directly measures beliefs about the contributions by the
ther players in the public goods game. He finds players in the
ajority group contribute more than those in the minority group,

ut that beliefs about in-group members are the principal driver of
ontributions, rather than majority or minority status.

We note there is a parallel literature focusing on homophily as a
otential explanation for in-group biases. Homophily differs from
ocial identity theory in that it assumes individuals have an intrin-
ic preference to interact with similar people, as opposed to those
references emerging through group processes. Currarini, Jackson,
nd Pin (2009) study the effects of homophily preferences in the
ontext of racial bias in friendship formation using survey data from
S high schools. They find that members of larger groups tend

o form more friendships per capita; members of larger groups
end to form more same-type friendships and fewer other-type
riendships than people in smaller groups. Finally they find that
roups. Currarini and Mengel (2013) propose an experiment where

3 In the experimental economics literature on social identity, group affiliation
s  induced using either pre-existing identities such as gender (Brown-Kruse and
ummels, 1993; Cadsby and Maynes, 1998; Croson, Marks, and Snyder, 2008), mem-
ership of social groups (Solow and Kirkwood, 2002; Goette, Huffman, and Meier,
006), or artificially-induced identities (Kramer and Brewer, 1984; Wit  and Wilke,
992; Eckel and Grossman, 2005; Charness, Rigotti, and Rustichini, 2007).
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regarding preferences by members of both groups and how they
change as fragmentation changes. As such, we will state our next
S. Chakravarty, M.A. Fonseca / Journal of Beha

ubjects are first assigned to two groups, and then they play a series
f games with another person of either their own  group or another
roup. The main treatment variable is the nature of the matching
rotocol: it is either exogenously determined by the experimenters
r endogenously determined by the subjects themselves. When
atching is exogenous, subjects exhibit in-group biases in their

ehaviour in the games; when subjects choose their partners, they
ainly select to play with in-group members, although the degree

f in-group bias is attenuated. Regarding the effect of ethnic diver-
ity, Espinosa and Garza (1985) and Cox, Lobel, and McLeod (1991)
ound that individuals from minority groups cooperated more with
ellow minority participants than with those from the majority
roups. Habyarimana et al. (2007) combined experimental meth-
ds with survey data and found public good provision was highest
n areas when group composition was homogenous along ethnic
ines.

. Experimental design and procedures

As stated earlier, we wish to test the impact of social identity
references on public good contributions as a function of the rel-
tive size of two groups that must share a single public good. We
ow construct the hypotheses for our experiment. Our experimen-
al design, described in detail below, consists of a six-player linear
ublic good game, with players belonging to one of two  identity cat-
gories. We  vary the relative size of the groups, from one extreme
here all players belong to same group, to the case where half

f the players belong to one group and the other half belong to
he other group. This allows us to vary the level of fragmentation
mong players in the game and measure the levels of contribution
o the public good as a function of fragmentation.

Our first hypothesis concerns the relevance of identity-driven
references when players are homogeneous. Social identity theory
escribes the effect of group affiliation on behaviour when there
re multiple social groups. If all players belong to the same social
roup, it is unclear why  there should be any degree of affinity to
hat particular group. In the context of our experiment, this means
hat behaviour in the treatment in which identity is not induced
hould not be any different from behaviour in the treatment in
hich identity is induced and all subjects belong to the same group.

his constitutes the first hypothesis.

ypothesis 1. Contributions to the public good by subjects in
omogenous groups (6-0) are no different than contributions by
ubjects in anonymous groups (Control).

Next, we set up the two main hypotheses of the paper. They
ddress how social identity preferences may  determine the rela-
ionship between social fragmentation (as measured by the relative
roportion of each group) and contributions to the public good. We
re interested in the effect of fragmentation per se, as well as the
omparative static effect of increasing the level of fragmentation
n behaviour.

When we replace a player in the homogeneous treatment (6-
) with an out-group member to construct our 5-1 treatment, we
xpect that identity-based biases will become salient. The pres-
nce of one outsider will therefore introduce a positive in-group
ias on the majority group members. In addition, it is also possi-
le that introducing an out-group may  lead to a separate negative

ut-group bias. However, both Allport (1954) and Brewer (1999)
rgue that a positive in-group bias does not necessarily lead to an
ut-group bias.4 These biases could take the form of differential

4 Morita and Servátka (2013) find no evidence of out-group discrimination in a
old-up game.
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ther-regarding preferences towards other players, depending on
heir group membership. Chen and Li (2009) find that introduc-
ng group identity leads to subjects exhibiting greater degree of
version to advantageous inequality (i.e. charity) towards in-group
embers than out-group members and greater aversion to dis-

dvantageous inequality (i.e. envy) towards out-group members
han in-group members. All else equal, positive other-regarding
oncerns should lead to higher contribution levels, while negative
ther-regarding concerns should lead to lower contribution levels.

Since there is just one out-group member the negative bias,
f present, should be weak. Hence, we expect that the net effect

ill be an increase in average contributions, which is our second
ypothesis.5

ypothesis 2. Increasing the number of out-group members from
ero to one will lead to an increase in contributions to the public
ood.

We now move to the main research question of the paper: the
ffect of changes in social fragmentation on public good provision.
ased on the empirical evidence outlined in Section 2, particularly
he findings of Smith (2011), we  expect that increasing fragmen-
ation will have a negative effect on public good contributions.
his conjecture is also supported by social identity theory: Brewer
1991) postulates that in-group identification is the product of two
pposing needs. On one hand, individuals have a distinct need for
nclusion. As such, if a person is isolated from any social group, she
eels the need to identify herself with a collective unit. On the other
and, people also have a need for distinctiveness: if a person is a
ember of an excessively large group, she feels the need to search

or differentiation. Therefore, individuals’ affinity for their in-group
hould be lowest when fragmentation is low, which equates to our
-1 treatment, and highest when fragmentation is high, which is
hen both groups have three members (3-3).

As fragmentation increases, the number of in-group members
f the majority declines and the number of out-group members
ncreases, while the opposite is true of the minority group. As the
ize of the majority group decreases, a majority group member
hould feel less of a need for distinctiveness, and as such member-
hip of the majority group should become more salient. Therefore,
ajority members will exhibit higher concerns for the welfare of

heir fellow in-group members. The overall size of the net effect is
mbiguous: for there to be a positive effect of diversity on contrib-
tions, the average concern for in-group members must increase
ith in-group size. In addition, the majority group players will
otentially exhibit a greater dislike for the increasingly high num-
er of out-group members. This will unambiguously lead to a drop

n contribution levels.
From the point of view of the minority group, as it increases

n size with fragmentation, the stronger the concern its members
ill have for the financial welfare of their fellow in-group mem-

ers, and the weaker the concerns for the financial welfare of the
shrinking majority) out-group members. While the direction of
he latter effect is ambiguous, the former effect should lead to
igher contributions to the public good.

The net effect of changes in fragmentation in terms of total
ontributions is unclear: it will depend on the strength of other-
ypothesis as follows.

5 Note that this is a prediction that is different from the data presented by Miguel
nd Gugerty (2005). However, we reiterate that the authors attribute higher con-
ributions by homogeneous groups to easier punishment of in-group free-riders.
eer punishment technology is not available in our experiment.
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ypothesis 3. Contributions to the public good game will not
hange as social fragmentation increases.

Let us turn to the issue of how minorities will differ from
ajorities in terms of their contributions to the public good. As

rgued above, as fragmentation increases, both the positive in-
roup biases and negative out-group biases by both groups will
ecome more salient. Whether or not the majority players will con-
ribute on average more than the minority players will depend on
hat the net effect on positive in-group and/or negative out-group

iases for each of the two groups is. We  do not have a theoretical
eason as to how these net effects should be, so we state our last
ypothesis as follows.

ypothesis 4. There will be no difference in contributions to the
ublic good between majority and minority players.

.1. Experimental procedures

Before proceeding, a methodological note is warranted. To
ackle our research question, unlike field studies which draw on
eal forms of identity such as language (Easterly and Levine, 1997;
lesina, Baqir, and Easterly, 1999), we rely upon artificially induced

dentities, following the minimal group paradigm of Tajfel et al.
1971). We  induce identity via participants’ choices of paintings –
n arbitrary task which is completely unrelated to the main focus
f the experiment. While an arbitrary identity has the drawback
f artificiality, it also allows the experimenter to study the rel-
vance of social identity on behaviour, while isolating the effect
f individual preferences from the effect of a previous history of
nteraction. This is often not possible in the field. Furthermore, indi-
iduals may  have multiple identities, each of whom may  become
alient depending on context. For instance, an individual may
dentify himself through his nationality, ethnicity or gender. By
ombining an artificial identity with strict anonymity in choices,
he experimenter can ensure that this is the only salient factor
hich influences choices. We  can then study the effect of iden-

ity while teasing out repeated interaction effects. While studying
he effect of particular types of identity such as gender or race is
ery important, we feel that working with a generic identity fits
he purpose of this study best.

Our experimental procedure encompasses three stages. Stage 1
ssigns participants to two different groups by eliciting their pre-
erences over two artists’ paintings. Stage 2 is a problem solving
tage designed to reinforce participants’ sense of affiliation to their
roup. Stage 3 is the actual public good game. We  elaborate on each
tage below.

.1.1. Stage 1: Group formation and assignment
We  induced social identity by employing a similar design to

hen and Li (2009). In the beginning of each session, participants
aw five pairs of paintings; in each pair, one painting was done
y Gustav Klee and the other by Wassily Kandinsky.6 Participants
ad to state their preference for one of the paintings in each pair.

f participants preferred three or more Klee paintings, they were
ssigned to the Klee group. Otherwise they would be assigned to
he Kandinsky group. This meant that we could not guarantee that

xactly half the participants in a given session would go to one of
he groups. However, the variation in group size across sessions
as small.7

6 The paintings were chosen to be as similar as possible.
7 We opted for the assignment to groups to be endogenous in order to maximize

he  saliency of the groups, an issue which was raised by Eckel and Grossman (2005).
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.1.2. Stage 2: Identity reinforcement
Once the Klee and Kandinsky groups were established, to rein-

orce their sense of identity, subjects were given a team-building
xercise. This exercise consisted of identifying the authorship of
wo further paintings, one of which was painted by Klee and
he other by Kandinsky. Participants were allowed to confer with
ellow group members through a chat box for ten minutes. Commu-
ication was almost unrestricted; participants were not allowed to
se abusive language and they were not allowed to identify them-
elves. Members of the Klee group could only see their own fellow
roup members’ comments and vice-versa. Participants received
n individual payment for each painting they correctly identified.
ubjects were shown the payoffs from the painting stage before
roceeding to the following stage. 139 out of 144 subjects (96.5%)
ot both answers correct, so this will not have had a differential
mpact on subsequent behaviour.

.1.3. Stage 3: Public Good Game
Following the painting identification stage, subjects were ran-

omly allocated to six-player public goods games. Subjects knew
he composition of their own game, but they were not told of the
omposition of the other games in the session.

The composition of the six-player public good game is the main
reatment variable. As described above, we considered four differ-
nt treatments: homogeneous games with six players of the same
ype (6-0), and a further three treatments varying the degree of het-
rogeneity (5-1, 4-2, 3-3.) In addition, we ran a control treatment
here we did not induce identity, which consisted only of Stage

 (Control.) This treatment therefore did not include Stages 1 and
. We  chose this design feature since it may have been confusing
o subjects to engage in tasks which had no further bearing in the
emainder of the session. However, it is possible that by omitting
he group formation and identity reinforcement stages, contribu-
ion levels in the Control treatment are lower than they could have
een otherwise.

All subjects played a standard Voluntary Contribution Game
ver twenty rounds with fixed matching. Subjects had twenty
okens that they had to allocate between a private and a public
ccount. Payoffs were determined by the following equation, with
he same parameters as Fehr and Gächter (2000).

i = 20 − ci + 0.4
6∑

j=1

cj (1)

At the end of each round, a screen displayed that subject’s con-
ribution in that round, as well as the total contribution to the
ublic good by the other five players. Each session consisted of
ighteen participants. At the end of the experiment, subjects were
aid individually in cash. The experimental software was z-Tree
Fischbacher, 2007). A total of 180 undergraduate students partici-
ated in the experiment. Average payments were £10.30 ($14.89).

 copy of the instruction set is in Appendix.

. Results

We  begin by looking at aggregate level treatment effects which
stablish our main result. We  then proceed by investigating the

ffect fragmentation has on the distribution of contributions. We
nalize the section by looking at individual level effects – in
articular we  measure how strength of group affiliation affects
ontributions.
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Table  1
Tobit regression estimates.

Dep. var.: Contribution (1) (2) (3)

Control 9.582*** 9.581*** 4.364***

(0.955) (0.955) (1.026)
6-0 9.067*** 9.068*** 3.650***

(0.530) (0.530) (0.926)
5-1 11.334*** 11.671*** 5.215***

(1.506) (1.288) (1.580)
4-2 8.728*** 8.474*** 3.164***

(1.033) (1.006) (1.026)
3-3 8.735*** 8.735*** 3.562***

(1.555) (1.555) (1.290)
5-1 × Min −2.115 −2.094

(2.015) (2.149)
4-2 × Min  0.777 0.824

(1.068) (1.133)
OtherCt−1 0.119***

(0.019)
Period −0.446*** −0.446*** −0.268***

(0.047) (0.047) (0.045)

Observations 3,600 3,600 3,420
Pseudo R2 0.02 0.02 0.03
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treatment. Note that in all identity treatments, the fraction of obser-
vations registering zero contributions remains relatively constant,
lustered standard errors at group level in parentheses.
*** Significant at 1%.

.1. Aggregate effects of fragmentation

Table 1 displays Tobit estimates of treatment effects on average
ontribution levels across 20 periods. For ease of analysis, since
ll coefficients are treatment dummies, we express coefficients
irectly, rather than as deviations from an omitted category.
egression (1) looks at average treatment effects, as well as a time
rend variable. We  find no significant difference between the con-
rol treatment where group identity is absent and the 6-0 treatment
F(1, 3594) = 0.33, p = 0.564). This confirms our first hypothesis that
n the absence of an out-group, a sense of identity is not relevant,
nd as such average contributions would not differ. This is our first
esult.

esult 1. There is no difference in contribution levels between a
omogeneous treatment and an identity-free treatment.

However, we do not find any significant difference between the
oefficients on 6-0 and 5-1 (F(1, 3594) = 2.26, p = 0.133) as well as
he coefficients on 5-1 and 4-2 (F(1, 3594) = 2.05, p = 0.152). We  also
nd no significant difference in average contributions between the
omogeneous group, 6-0,  and the maximally fragmented group, 3-3
F(1, 3594) = 0.05, p = 0.830). We  note also a negative and significant
oefficient on the time trend, indicative of the usual trend in public
oods experiments towards non-cooperation. This trend is repre-
ented visually in Fig. 1, which plots average contribution levels for
ach treatment. Note that for the majority of periods (particularly
eriod 7 onwards) the average contribution level is highest for the
-1 treatment, despite the fact that that difference diminishes with
ime.

In order to account for the potentially different behavioural
esponses of the two different groups playing the public good
ame, regression (2) in Table 1 adds to the econometric speci-
cation interaction dummies between the 5-1 and 4-2 dummies
ith a variable that equals one if the subject belongs to the
inority group and zero otherwise. This econometric specifica-

ion therefore allows for the possibility that minority and majority
roups in a given treatment may  on average contribute different

mounts. While we still observe no difference in the coefficients
n Control and 6-0 (F(1, 3592) = 0.33, p = 0.565), we now find a
ignificant difference between the coefficients on 6-0 and 5-1
F(1, 3592) = 4.15, p = 0.042), as well as the coefficients on 5-1 and

t
W

Fig. 1. Time series of average contributions to public good by treatment.

-2 (F(1, 3592) = 3.91, p = 0.048). In other words, individuals in the
ajority group in the 5-1 condition contribute more than either

he homogeneous case, or the majority group in the 4-2 treatment.
his is our second result.

esult 2. Average public good contributions by the majority group
re highest when there is a single out-group member.

We find no significant difference in the coefficients on the 4-
 and 3-3 dummies (F(1, 3592) = 0.06, p = 0.804), which suggests

 flat relationship between social fragmentation and average con-
ributions after the initial increase in social fragmentation from
-1 to 4-2. Furthermore, we find no significant difference between
he coefficients on 6-0 and 3-3 in the second specification (F(1,
592) = 0.55, p = 0.459).

esult 3. Average public good contributions are highest when
ragmentation is lowest. However, there is no difference in contrib-
tions between maximum fragmentation and full homogeneity.
e find no significant difference in average contributions between

he majority and minority groups either in the 5-1 or in the 4-2
reatments, but that is likely due to the large variance in the coef-
cient on the minority interaction dummies, which denotes large
eterogeneity in behaviour.

esult 4. There is no significant difference in average contrib-
tions by majority and minority players. This is driven by high
ariance in behaviour by minority players.

We conclude our analysis by introducing some dynamic consid-
rations, in particular the previous contributions of the other five
layers in the previous period, OtherCt−1. While the sign and signifi-
ance of the group dummies remain the same, we observe a positive
nd significant coefficient on OtherCt−1. This is consistent with the
trategic complementarity inherent to the public good game: the
igher the contribution levels by other subjects, the more player i
ill contribute in the following period.8

Looking at average contribution levels omits the heterogene-
ty in contributions which is present in public good experiments.
ig. 2 displays histograms of contributions to the public good by
8 We estimated an additional model in which we interacted OtherCt−1 with each
reatment dummy, but we did not find any significant differences in the coefficients.

e  therefore omit the results from this estimation.
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Fig. 2. Histograms of c

ccounting for 27% of observations. However, we observe a signifi-

ant change in the opposite end of the distribution as a function of
ragmentation: in the 5-1 treatment, there is a noticeable increase
n full contributions relative to either the 6-0 or 4-2 conditions.9

9 We note that the histogram for the Control condition has a lower frequency of
ero contributions. We conducted a Probit regression whose dependent variable
as  a dummy  variable equaling 1 if subject i in period t contributed nothing and

ero otherwise, and the regressors were treatment dummies plus a time trend. We
nd a significant difference in the likelihood of no contribution between 6-0 and

r
a
c

C
(
v
d
s

utions by treatment.

To investigate this issue further, we conducted a set of Probit

egressions, reported in Table 2, using as a dependent variable

 dummy  variable which equals one if subject i in period t
ontributed his full endowment to the public good and zero

ontrol (p = 0.018), and a marginally significant difference between 3-3 and Control
p  = 0.081). No other pairwise comparison yielded significant differences (Control
s  5-1: p = 0.190; Control vs 4-2: p = 0.196). This may  have been due to the proce-
ural differences between Control and the main treatments, although any difference
hould be in the opposite direction (i.e. more free-riding in Control).
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Table  2
Probit regression estimates.

Dep. var.: Max  Contribution (1) (2) (3)

Control −1.376*** −1.376*** −1.542***

(0.310) (0.310) (0.284)
6-0 −1.125*** −1.125*** −1.318***

(0.176) (0.176) (0.249)
5-1 −0.715*** −0.707*** −0.946***

(0.152) (0.122) (0.249)
4-2 −1.241*** −1.375*** −1.538***

(0.138) (0.230) (0.325)
3-3 −1.299*** −1.299*** −1.483***

(0.197) (0.197) (0.214)
4-2 × Min 0.338 0.278

(0.458) (0.495)
5-1 × Min  −0.049 −0.036

(0.482) (0.472)
OtherCt−1 0.004

(0.004)
Period −0.046*** −0.046*** −0.040***

(0.007) (0.007) (0.008)

Observations 3,600 3,600 3,420
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lustered standard errors at group level in parentheses.
*** Significant at 1%.

therwise. To facilitate the interpretation of the results, we again
eport coefficients on treatment dummies directly, as opposed to
eviations from an omitted category. The first specification only
ccounts for the different treatments plus a time trend. The results
re consistent with our visual inspection of Fig. 2, in that there
s a significant difference in the likelihood of full contribution
etween 5-1 and 6-0 (�2(1) = 3.85, p = 0.0496), as well as 5-1 and
-2 (�2(1) = 6.63, p = 0.010). Allowing for minority dummies does
ot change the main effect of fragmentation: the likelihood of full
ompliance is significantly higher for the majority group members
n the 5-1 treatment than either subjects in the 6-0 treatment
�2(1) = 5.24, p = 0.022) or majority members in the 4-2 treatment
�2(1) = 6.37, p = 0.012). Our third specification studies the effect
f previous period contributions by the other five players on the
ikelihood of full contribution in the present period. Interestingly,

e find no significant coefficient on OtherCt−1: unlike average
ontribution, the likelihood of full contribution is not affected by
he behaviour of the other five players.

esult 5. The likelihood of full contribution is highest in the treat-
ent with minimal fragmentation. It is independent of past total

ontributions by the other five players.

. Discussion and conclusion

Social fragmentation, along ethnic, linguistic or religious lines
as been identified as the cause for low public good provision in
ettings as diverse as U.S cities (Alesina, Baqir, and Easterly, 1999)
nd rural Pakistan (Khwaja, 2009). However, the existing research
n social fragmentation has been unable to identify the underlying
echanism which causes societies with higher levels of fragmenta-

ion to under-perform. Is this caused by discriminatory preferences
ased on a sense of affiliation towards a social group, or is it instead
aused by the fact that different social groups may  prefer different
ypes of public goods?

The present paper seeks to understand the extent to which the
ormer explanation is at the heart of this problem. We  conducted
n experiment where two artificial social groups could contribute

o a single public good. Keeping the total number of players con-
tant, we systematically varied the relative size of the two  groups
s a proxy for social fragmentation. In one extreme, we minimized
ragmentation by having all players belong to the same group. In

m
v
i
q
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he other extreme, we  maximized fragmentation by having one
alf of players belong to one group, and the other half belong to
he other group.

The experimental evidence to some extent qualifies the results
rom the existing literature. In the context of our experiment, in the
bsence of outsiders a sense of identity is irrelevant with respect
o the contributions to the public good. Indeed, our data found
hat the average contribution by subjects in games where every-
ne was from the same group were no different from the average
ontribution by those subjects who  played the same game in an
dentity-free condition. This suggests that one’s sense of belonging
o a particular group is a function of how salient that group is. Once
veryone is a member of the same group, membership of that group
eases to have meaning, and this is consistent with behaviour in the
xperiment.

However, our data partially replicates the pattern shown by the
mpirical literature: so long as there is some degree of social frag-
entation, then increasing social fragmentation decreases public

ood provision by members of the majority group contributing to
he public good. In this sense, our findings confirm the evidence
f Smith (2011), who  had also analyzed the effect of diversity
n linear public games, and had found that increasing diversity
ecreased public good contributions. However, our findings dif-
er from Smith’s in that we do not find a significant difference
etween majority and minority groups. This may have been due
o several differences in our designs: in our experiment, both
oles (i.e. minority or majority) and groups were fixed through-
ut the session, while in Smith (2011), both were randomly
eset in every round. Another reason could have been the feed-
ack given to subjects at the end of each round: we provided
ggregate contributions, while subjects in Smith (2011) would
ave received information about group-specific aggregate con-
ributions, through their payoffs on the belief elicitation of the
wo groups’ aggregate contributions. Finally, the differences in
ur findings could be due to differences in the saliency of the
roup identity: Eckel and Grossman (2005) find the strength of
roup identity is critical to increased cooperation. Our experi-
ent and Smith (2011) differ in the sense that group assignment
as exogenous in Smith’s experiment and endogenous in ours,

lthough both experiments had similar identity-reinforcement
tages.

Importantly, our experiment complements and extends Smith
2011) by finding that socially homogeneous treatments do not
xhibit higher contributions than maximally fragmented treat-
ents. This result is due to the fact that majority group members

espond non-linearly to the presence of diversity. They contribute
ost when there is an out-group that constitutes a small minor-

ty. The mechanism for this result is simple: the fact that different
ocial groups exist triggers a meaning to belonging to a group,
nd thus a utility from membership of that group. This in turn
reates the willingness to contribute to the public good, as it
ill benefit one’s in-group members. So long as the positive in-

roup biases dominate the negative out-group biases, then the net
ffect is higher public good provision. This interpretation is sub-
tantiated by evidence that the likelihood of full contribution is
ighest among majority players in the treatment with minimal but
ositive fragmentation and by the fact that this likelihood is sta-
istically independent of total contributions by other players in
he game. This suggests that group identity, rather than strate-
ic considerations guide cooperative behaviour in the experiment.
nterestingly, we find this mechanism to be present only among

ajority players in the public good. This is partially due to high
ariability in behaviour by minority group members. Investigat-

ng the reasons for these differences in behaviour is an important
uestion left for future research.
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ppendix. Instruction sets

nstruction set

Welcome to our experiment. Please remain silent during the
ourse of the experiment. If you have any questions, please raise
our hand. You will now take part in a decision-making experiment.
he amount you will receive for participating will depend on your
ecisions and the decisions of other participants. There will be 2
arts to this experiment. Before each part of the experiment begins,
ou will receive a set of instructions explaining the details of that
articular part.

Once you complete all the decisions in a given part, we will
ove to the next part of the experiment. You will only receive

nformation about the outcome of your choices at the end of the
xperiment. To keep track of your choices, we will provide you
ith a decision form. Your payoff in this experiment will be equal

o the sum of payoffs in each of the individual parts. The payoffs
hroughout the experiment will be denominated in Experimental
urrency Units (ECU); 1 ECU is worth 20 cents. Once the experi-
ent ends, your payoff will be calculated and you will receive your

ayment in cash.

art 1 (All treatments except Control)

In this part we will show you five pairs of paintings by two
rtists. For each pair of paintings, you must choose the one you
refer. Once everyone makes their five choices, we  will divide par-
icipants into two groups according to which artist they preferred.

Once you have been allocated to one of the groups, we will show
ou a further two paintings. Your task will be to identify which
rtist painted which painting. You will be allowed to confer with
our fellow group members in order to determine the answer to
he two questions. To this effect, you will have access to a chat
rogramme, through which you can offer help or get help from
our fellow group members.

Messages you post in the chat box will only be visible to mem-
ers of your own group. You will not be able to see the messages
osted by members of the other group and vice-versa. You will be
ble to communicate with your fellow group members for 10 min
efore submitting your answers. You are free to post how many
essages you like. There are only two restrictions on messages:

ou may  not post messages which identify yourself (e.g. age, gen-
er, location, etc.) and you may  not use offensive language. For each
orrect answer you will earn 10 ECU. Once everyone submits their
nswers, the experiment will move to the second part. You will
nly be informed of your payoff in this part of the experiment at
he very end of the session.

art 2 – only seen after the end of Part 1. Paragraph in italic was
ot written in Control instructions

In this part of the experiment you will be matched with five
ther participants. You will be interacting with the same five par-
icipants until the end of the experiment.

There will be 20 rounds in this part of the experiment. At the
eginning of each round, each participant will receive 20 ECUs.

e will call this your endowment. Your task in each round is

o decide how to use your endowment. You must decide how
any ECUs you want to contribute to a project and how many you
ant to keep for yourself. The consequences of your decision are

xplained in detail below. Your payoff is given by the following
ormula:

B

B

C
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our Payoff = (20 ECU − Your Contribution)

+ (0.4 × Total Contribution)

This formula implies that your payoff in every round is based on
wo parts:

 The ECUs you kept for yourself: (20 ECU − Your contribution.)
 The income from the project, which is 40% of the total contribu-
tion from you and from the other five participants.

The payoff of each of the six participants is calculated in the same
ay. This means that the income from the project is the same for

veryone.
To fix ideas, let’s consider a few numerical examples. Suppose

hat the total contribution to the project is 60 ECU. In this case,
ach of the six participants receives an income from the project of
.4 × 60 = 24 ECU. If instead the total contribution to the project is

 ECU, then each of the six participants will receive an income of
.4 × 9 =3.6 ECU from the project.

Each ECU you keep to yourself raises your payoff by 1 ECU. Each
CU you contribute to the project raises the total contribution to
he project by 1 ECU and causes your income from the project to rise
y 0.4 × 1 =0.4 ECU. The income of the other five participants will
lso rise by 0.4 ECU, so that the total income of the six participants
rom the project will go up by 2.4 ECU. Your contribution to the
roject therefore also raises the income of the other participants.
onversely, contributions to the project by other participants also
aise your income; for each ECU contributed by another participant,
ou earn 0.4 × 1 =0.4 ECU.

Remember that ECUs earned in one round do NOT carry over
o subsequent rounds. You will start every round with the same
ndowment of 20 ECUs.

Once all participants have made their decisions, you will be
nformed about your decision, and the total contribution made by
he other 5 participants, the total amount of ECUs contributed to
he project and your payoff.

You will also know how many persons with whom you are playing
elong to either the Kandinsky or the Klee group, but not their exact
dentity.

Once the 20th round is over, the experiment will be over. The
omputer will select two rounds at random. Your payoff in those
wo rounds plus the payoff from part 1 will determine your total
arnings in the session.
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