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Abstract
There is extensive empirical and theoretical literature on voluntawspn of public goods
including recent theoretical workn the formation of voluntary coalitions to provide public
goods. Theoretical work is ambiguous on the equilibriaoalition size and contributiorates
In this paper we present some of thetfasperimental evidence in this vein. \&eamine the
emergence of coalitions, the size of these coalitionshanduncertainty in public goods
provision affectcontribution levelsand coalition size. We find that contributions decrease
when payoffdrom the public good are uncertain but increase when individuals are allowed to
form a coalitionto provide the goad Contrary toone of the coréheoretical resultsve find that
coalition size increases when the public good benefits are higheertaintyhas no effect on

coalition size.
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1. Introduction

Theory tells us that despite freieing, individuals will voluntarily contribute to public
goods, though at far lower legethan efficient (Bergstromt al. 1986 Bernheim 1986,

Hirschleifer 1983. Expermental evidence suggests that voluntary provision will be substantially
higher than theory suggegtedyard 1995)though still at inefficient levels. The nascent
theoretical literature on coalition formation in public goods provissoiggests that mest

increases in overall provision result from the spontaneous formation of sub@roalitsons)of

the population to jointly provide public goodidHowever, there is ambiguity in this literature
regarding which of several models of coalition formatoa behaviois mostappropriate
Additionally, there is debateverhow uncertainty influences coalition formation gnblic

goods provisionsome sggestuncertaintyserves to strengthamalitions(Young1994), while
othersargue that it weakens thefida 1993.

This paper seeks to provide the first joint theoretical and experimental treatment of
coalitions in voluntary public good provision, quantifying the effectiveness of these coalitions in
increasing public good provision. We present a sintery of coalition formation with and
without uncertainty and then test the predictions of this theory using a laboratory experiment. To
the best of our knowledge, research on subgroup formation in public goods provision
experiments has not whtheory todirectly motivate experimental design. Consequently, there
has been a disconnect between experimental and theoretical approaches to public goods

provision.

2 The theoretical literature on coalition formation in public goods provisignimarily cast in the context of self
enforcing international environmental agreements for the control of global environmental problems. This literature
treats each country as a single utilibaximizing agent; consequently, most work is completelyvadent to and

can be interpreted as voluntary provision of public goods by individual agents. Some additional literature (primarily
empirical) pertains to international monetary agreements (lida 1993).

% This is akin to the provision of club goods excéyat members of the coalition (club) enjoy no more access to the
benefits of the public good than do rRdab members (Sandler and Tschirhart 1997).
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Our experimental results support some theoretical predictions but call others into
guestionOur grongest result contradebne of the basic conclusions of the theoretical literature
0 thatcoalition sizedecreaseswith the benefits from public good provisioRurthermore,
experimental evidence suggests that uncertainty tends to detiiegwovisia of public goods,
both when coalitions can and cannot foffmally, although some theories argue that uncertainty
will increase coalition size, while others make dipposite prediction, we find littlevidence
that uncertainty either increases or desesacoalition size.

The significance of this work goes beyond the impoiimiesn public economics
regarding voluntary public goods provision. There ggawvinginterest, both in the economic
literature and in more applied settings, in the formadiovoluntary agreementmong countries
to control global environmental problepssich as climate chang&hese agreements essentially
call for voluntary public goods provision on the part of governments, since there is no over
arching enforcement mecham. This literature tends to treat countries as utility maximizing
agents. Though simplistic, the connection between this literature and the literature on coalitions
in voluntary public goods provision is clear, since both involve simple agents margruitity.
Questions in this literature concern the size and strength of agreements that are consistent with
self interest, the appropriate strategic model to use in understanding these agreements, and the
effect of uncertainty on the size and strendtthese agreements.

In the next section of the paper discusghe relevant literaturen coalition formation in
a public goods settingln section 3 section we present a simple theoretical model of public
goods provision and coalition formation, basedhe model irKolstad andJiph (20®). The
theoretical model provides certain testable hypotheses about coalition size and the role of

uncertainty.In section 4 & turn to our experimental investigation, developing a model based on
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the established expmental literature on public goods provision, which we extended to
endogenous coalition formation and uncertainty. We use the model to test the theoretically

based hypotheses of behavior.

2. Coalition Formatiorandthe Experimental Literature

This pape contributes tdwo separate but closely related literatures in economitdbe
most basic levelwe expand on the growing public goods provision literature in experimental
economicsAlthoughmuch of this literaturéocuses on public goodsertain topcs have
receivedessattentiod two such areas are coalition formation and uncertainty. Moreover, to the
best of our knowledge, mmperhas examined these issues jointBecond, we offer a test of the
theoretical literature oooalition formationgxploring competing theoretical hypotheses

regarding the operation of such agreements.

2.1 Coalition Formation

In confrontingpublic goods problems, a primary challenge is to develop a mechanism
that coordinates actions in a mutually beneficial way. Forraiogalition is one way for agents
to overcome the fregder problemlt happens that much of the theoretical literature on coalition
formation is in the context of the formation of international environmental agreements (IEA).
Leaving aside the issue whether modeling a country with a single utility function is
appropriate, the fact is that all of the results from the IEA literature can be interpreted as results
for individual interacting utility maximizing agents forming coalitions to provide publadgo

When facing a global environmental problerauntriesmustdecidewhether to emit or

abatepollution. Countries prefer collective abatement owetependent actiobut have a strong
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incentivetofree i de on ot her so6 act i onatdthaEscoalitign wo r k
mechanism can partially overcome the freeker problem(Hoel 1992, Barrett 1994, Carmeand
Siniscalco 1993). However, coalitions are unlikely to be large. Moreover, if a large coalition
forms it must be the case that the bendéfds cooperation are smallhis is because the
optimal coalition size depends of the benefits of public good contribution. Specifically, whether
or not a country elects to join a coalition depends on whether joining will induce others to
contribute to the@ublic good. When benefits of public good provision are high a small group of
countries is sufficient to reach a size where a country is pivotal. Additional coalition members
will do better by freeiding, thus the coalition will not grow beyond this opé#l size In other
words, we are likely to see broad coalitions form only when they are least benéfeiatovide
a more formal explanation in Section 3.

Another common feature of global public good problems is uncertainty. Most early
research in theHA literature considered situations in which the benefitsbatement are
known. If benefits are uncertain, however, the coalition formation process may change. The
literature on coalition formationnderuncertaintyprovidesambiguougredictions While
Young (1994) suggesthat uncertainty can facilitate the formation of international agreements,
others like lida (1993, find that uncertainty hinders coalition formatidn.a recent paper,
Kolstadand Ulph(2006) analyzecoalition formation with unceainty and learning in a game
theoretic environment heyfind thattheeffect of uncertainty othe optimal coalition sizes
ambiguousWe draw on this paper to motivate our esimental design and hypotheses, outlined

in section 3.

2.2 Public Goods Pngsion in Experimental Economics
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Early experimental work on public good provision established that subjects tend to
provide public goods at higher rates than predicted by Nash equilibrium theory (e.g. Marwell and
Ames 1979, Kim and Walker 1984). Since ttiae, experimentalists have focused their
attention on why subjects contribute at the rates they do and what mechanisms affect
contribution rates. For instance, a common assumptionhaatarger groups would have more
difficulty providing public goodslinstead, assaac and Walker (1988emonstratednarginal
per capita return (MCPRyredominantly determineontribution level§ there is no separate
puregroupsize effect.

More recentlythere has been some researcleedogenougroupformation(e.g,

Ehrhart and Keser 1999) wherein subjects can join or leave groups either freely or with
restrictions. These studies examine how individuals that form (sub)groups provide public goods.
However, much of the work in this aremphasizedifferent methods amatching individuals in
groups (Gunnthorsdottir et al 2001, Page et al 2002). Most experiments on endogenous group
formation use multperiod designs, where subjects have the opportunity to change their group
affiliation over time. Page et al (2002) allewbjectdo express a preference for partners in the
next period based on past performance of other subjects. Ahn et al (2004) examine entry/exit
institutions for group formation but do not allow for formal agreements. Research on group size
has tended ttbcus on how the number of subjects affgriblic goodgprovision and largely

ignores the determinants of group or subgroup stzeecent exception is Charness and Yang
(2006).Finally, few if any endogenous group formation experiments base their ieepeail

design on theoretical models of group formation, such as the international agreements literature.

*|saac et al (1994) provédsupport for these findingsing significantly larger groups.
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While theexistinggroup formation literature investigates how individuals proyidielic
goodsin different group settingst, doesnot focus on forral subgroups or coalitionper se’
And although there is a sizeable literature on coalition formatioach of it is an extension of
the classic twgperson ultimatum/bargaining literature (e.g. Guth et al 1982) to three (or more)
persons.By and largemost studies do namnalyzecoalition formatiorin a largegroup setting
Confining themselves to a thrperson settin§,Bolton and Chatterjee (1996) provide evidence
that communication structures matter both for coalition formation and payoff diginbut
Building on this and other work, Okada and Riedl (2005) find evidence that reciprocal actions
strongly affect outcomes in a coalition bargaining game and that players will often choose
inefficient subcoalitions, as a result. Howevbgsecoalition formation experiments deal with
utility-maximizing bargains, not social outcomes or public goods.

Neitherrisk nor uncertaintyhas receivedgignificantattention in the experimental
literature orpublic goods or coalition/bargaining gam&urnighan et al(1988) explore the
effects of risk aversion on outcomes in bargaining games. They find that whitveide
bargainers perform better on higtakes games, the effects are somewhat weak. In coalition
games, risk aversion appears to predict coalitiom&ion but not payoff distribution in
inexperienced bargainers (Bottom et al 2000); experienced bargainers exhibit the opposite
behavior.There is some evidence thatogrtaintyaffectscooperation in public goodgames

Berger and Hershey (1994) demoastrthat subjects are less likely to contribute to a public

® An exceptioris Ahn et al (2004), which allows for sigsoups with little coordination among participants.
Moreover, this study places no constraints on the number of groups, nor are-giieupusendowed with a specific
purpose.

® Bolton and Chatterjee (1996) prdei a summary of the theoretical literature on coalition formation as well as a
brief overview of experimental work.

" For a summary of bargaining, see Camerer (2003) or Roth (1996).

8 As Bolton and Chatterjee point out, limiting coalition analysis tioreeperson setting allows researchers to
analyze the inherent complexities of having more than two people but without adding additional confounding
effects.
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good when returns are stochagtianwhen returns are deterministlo Dickinson (1998)
subjects make voluntary contributions to a public good in which tees@me probabilityhat
the group pyoff will be zero. Dickinson finds limited evidence that uncertainty reduces
individual but not group contribution$o the best of our knowledgep wne has yet examined

how uncertain payoffs affegroupformation.

3. Theoretical Predictions of Coatih Formation

Let t her edeftialindividlals &ithlinitaryendowments. Each individual has
two choices: spend the endowment on private consumption or allocate the endowment to public
consumption. Public consumption generates less for the dohanore for the group of
individuals:

B=(1g) + °2Q Q =q E 1)
Where gis the allocation to public consumption, assumed to be digeigter zero or oneand
Y is the total payoff to. The parameted<o < 1 i s t hm®m @unit of thetpeblicp ay o f f
good, also known in the literature as the marginal per capita return to public consumption
(MPCR). Clearly a Nash equilibrium involves no contribution to public consumptierd,q
whereas a Pareto optimal allocation involvepablic consumption:g= 1.*°

We are concerned with one primary issue here: the formation of coalitions to coordinate

public contributions. In particular, we will allow for the formation of a group Of iNdividuals

° The reason for choosing the discrete choice contribution mechanism (all or nothing to the@adb)iis to

simplify the decision process for the coalition, particularly in the context of the experiment. A discrete choice for
individuals translates into a discrete choice for the coalition which can be easily decided by a single vote.
Continuousévels of contributions would require a more complex process for determining the coalition actions.

1 This is a standard model in the literature on international environmental agreements (e.qg., Kolstad and Ulph
2006), although we use somewhat different terminology.
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which will act in concert to providgublic consumption. All the members of this coalition will
act the same, in the best interests of the coalition as a whole.

To formalize this notion of coalition formation, we consider a-stage game, the first a
membership game to determine coatittmembership and the secongublic goods contribution
gameto determine how much of the public good will be contributed. We assume that once
membership has been determined, it is fixed for the second stage.

The membership game is an announcement gaméich individuals annound@ n o6 o r
i o tasinglecoalition. We are seeking a Nash equilibrium in announcem®iatdicipation
in the coalition is voluntary, and members cannot exclude potential en&kéirtshe
membership of the coalition afighge (all players not in the coalitiorijas been determined, the
coalition acts as on@intly deciding on an action for the entire coalition. Many mechanisms
will work for the members of the coalition to make a joint decision, including majoritygeotin
In our framework (because of the homogeneity of all participants), the result will be an action
which maximizes the joint payoff of the coalition membersEurthermore, the coalition acts as
oneagent in a Nash game in contributions with the fringe.

More specifically, f%N) akNgdess payoffsten of si ze
member of the coalition and the fringe, respectively, from the contributions stage flaese.
payoffs are a function of the size of the coalition oryearly, membes of the fringe will
always choose private consumption, with a payoff of 1. The coalitiowetél forpublic

consumption if

Wc(N)2Q ZeaNN1/ o )

H Clearly, with heterogeneous agents, majority voting reflects the interests of the ndiaand may not yield a
joint payoff maximum. That issue is moot here since all agents are identical. With homogenous agents, majority
rule, unanimity and joint payoff maximization are all equivalent.
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Conversely, 1 f N vetefdrprivgaie canduraptiaimpdiditly and abitrarily i | |
we assume that indifference between public and private consumption results in public
consumption.

We now turn to the membership game. We are interested in a Nash equilibrium in
announcements to be in either the fringe or the coalition. Wseterminology of cartel theory,
as well as the literature on international environmental agreements, this leads to the following
definitions:

Definition 1: A coalition of sizeN is internally stablé f°( M) f(N-1).0

Definition 2: A coalition of sizeN is externally stablé f( &) °(N+1)B

Definition 3: A coalition of sizeN is stableif it is externally and internally stable.

In other words, the coalition is internally stable if no individuehes to leave to join the fringe;
it is externally stable if no fringe member wants to join the coalition. In this linear framework,
there is one and only one ntiivial stable coalition.
Let N* be the Nash equilibrium in the membership ganee;the stable number of
members of the coalition. It is useful to define one more simple function h e FAIrpaOundi ng
function which rounds a real number up to an integer
Definition 4: Define Rx) as the smallest integer greater than or equal to x.
This leaddgo the following result:
Propsition1. In a simple twestage homogeneous memberstgmtributions game with payoffs
as in Eqn. (1), the equilibrium number of members of the coalition iRN*:/ o) , whi ch i s
size of the stable coalition.
The intuition behind this proposition is that N* is the minimum size of coalition which

wishes to fully invest in the public investment. For any smaller coalition (such &g ,Nt+is
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optimal to fully invest in the private good. Thus any coalition member is pidatparture from
the coalition causes a significant change in payoffs, sufficient to provide an incentive not to
depart. Similarly, there is no incentive for any fringe member to join the coalition since a
coalition of size N* + 1 continues to fully ingein the public good (Kolstad and Ulph, 2006).
We can now introduce the notion of uncertaintypublic good provisiomto the
framework. Suppose there are two possible states of the world, high (H) and low (L), with
probabili-t) esrveeslpyeadt L2t o take on a value dep
mwang o2in expectation simply o. We assume t hat
two stages of the gami#us in the membership game, agents are unaware of the stage of th
world but in the contributions game they do know the state of the Widrisl.assumption is
consistent with previous theofl{olstad and Ulph 2006, Ulph 2004hd, to some extent, with
realworld experienceslhe decision to join a coalition is a stratedecision with longeterm
consequences than the more tactical and$&ort decision of how much to contribute to a
public good. Strategic decisions may occur far in advance of tactical decisions as they in fact
have on international agreements tovile public environmental goods. This characterization
only provides intuition since this theoretical model is static.
This leads to the following proposition:
Propositior2: Pr ovi ded | =R( BJsR(tlWeon) N*i s a st abréie coal i
one additional stable coalition, at N¥*R( 1, )>®&( 1/ 2 ) .
The intuition behind this proposition is similar to Proposition 1. There are potentially
two coalition sizes where the members of the coalition are pivotal in that if one member leaves,
thecoalition switches from full public investment to full private investment SometRfes.) o

is a stable coalition and sometimes not. If H and L are similarly likely, therR¢oth) and
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R( 1,) ave stable. If one then, in a comparative statics selasdy decreases the probability of
L towards zero, there will come a point that L is sufficiently unlikely that it ceases to play a role
in decisions for the coalition, at which poR¢ 1,) ceases to be a stable coalition.
Unfortunately, thigesultimplies that uncertainty can either increase or decrease the size
of the coalition relative to the case of no uncertainty. This ambiguity suggests that either the
theory needs to be strengthened or that it is an empirical question whether the codditger is
or smaller under uncertainty.
We use the model above to lay out thebaged predictions and construct the
experimental design we use to test those predictidns.model provides a standard resbét
the size of the coalitio, is equal to themallest integer greater than theerse of the ratio of
costs to benefitBased on a Nash equilibrium of zero contributions in an uncoordinated public
goods game, we expect to see coalition size follow the theoretical prediction. However, given
that pwlic goods experiments consistently find Agash prediction levels, we will also be
interested in systematic deviations from the theoreti¢d) predicton. Additionally, we vary
across sessionand this allowsus to test whether coalition size deses®ag increases, as
predicted by theory.
In more formal terms, the hypothesge consideare as follows
i.  The coalition mechanism increases contributions to the public good over the baseline
treatment (standard public goods).
ii.  Uncertainty reduces ctibutions to the public investment in the basic public goods
game

iii.  Coalition size decreases as MPG@Riicreases.
iv.  Coalition sizes not affected by uncertainty in thenefits from the public investment.

4. Experimental Design
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Our experimental desigallows us to test the theoretical predictions outlinethe
previous sectioriThe experiment comprisésur treatmentsy(1) a standard public goods game,
(2) public goods with uncertainty, (3) public goods with coalition formation, and (4) coalition
formation with uncertainty. We explain these four treatments in more detail below. Drawing on a
pool of undergraduate and graduate students from the University of California, Santa Barbara,
we recruited ten participantsr each okightexperimental sessisiin = 10). Each session
included the four treatments with twenty periods per treatment. In total, we have obsgmation
80 subjects an@40 periods. We conduetlall experiments in a computer lab using the software
z-Tree (Fischbache&007). Subjectseceived payment for participating at the rate of $0.01 for
each experimental monetary unit (EMU) earned during the experifnérage earnings per
subjectwere between $205, andeach session lasteghproximately90 minutesOnce subjects
had completedll four treatments, we administered a brief questionnaire to gather demographic
data for | ater analysis. After all subjects
earnings and paid them in cash.

Below we describe the four treatments in ouregkpent. For more detailed information,

we provide a cpy of the script used in all eighéssions in appendix A.

4.1 Treatment 1Public Goods

The first treatment in our experiment is a standard public goods géma voluntary
contributionmechanismThis treatment provides a baseline with which to compare the effects of
coalition formation and uncertainty. In each period, subjedeive an endowment oftokens

that they must allocate eithera private investmentr a public investment The private

121t earnings totaled less than $5, the subjectinas a $5 minimum payment. This constraint was never biding.
¥I'n the experimental script, we refer to these as a

c

fiprt
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investment returns one EMU at the end of the period, while the public investment provides a
lower private return, the MPCR, but more in total to the group. The MPCR wasg@S8siond -
3 and 7and increased to 0.6 in the sessidisand 8 In otherwords, if all 10 subjects allocate
their endowment to the public investment, each and every person sateiw®PCR EMUs.
Clearly, the Nash equilibrium in this game is to allocate zero tokens to the public investment
whereas Pareto optimality requirektakens be allocated to the public investment

Deviating from most public goods experimentg, uge a binary contribution mechanism.
In other wordsdespite the fact that is not binarysubjects must allocate all or none of their
endowment to the pulslinvestment each periods explained in Section 3, the binary
mechanism more closely mirrors the established theory and simplifiestiiecoaln s 6 al | oc a't
decision** However, sme research has shown that binary contribution mechanisms result in
lower public good provision levels than continuous contribution mechanisms (Cadsby & Maynes
1999).While continuous contribution designs are more common, the binary mechalugm

theexperimeral design to more closely match the theory

4.2 Treatment 2Pubic Goods with Uncertainty

In treatment two the return on the public investment becomes uncérteach round
there is a 1/3 probability that the public investment moll pay out. If this occurs, all subjects
receive a zero return on any contribuonade to the public investme@orrespondinglythere
is a 2/3 probability that the public investment will pay out in full. In order to preserve the

expected value of public investment retunus,increase th®PCR in the uncertainty treatments

1n a theoretical environment, agents are homogenous, thus voting is unnecessasxparimental setting,

however, agents are likely to have heterogeneous contribution preferences, either due to preferences that are not
strictly rational or to simple errors in decistamaking. While the voting mechanism departs from the theoryait is
necessary and pragmatic feature of the experiment.
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by 50 pecent: £ssions in which the initial MPCR was 0.3 (0.6) offer an MPCR of 0.45 (0.9)
whenpublic good provision is uncertaim all other ways, this treatment is the same as

treatment one.

4.3 Treatment 3Coalition Formation

In treatment three wiatroduce the coalition formation mechanisas a modification to
treatment oneBefore making their investment decisions in each period, salbpet first elect
to either join the coalition or remain in the fringe. Once subjects have formed the coalition, the
software reports theoalition size to all subjecti our theoretical model, the coalitioises
majority voting to determine the joint actioithis approach is also used in the experimental
design. If a majorityof thecoalition votesto contribute,tb coal i ti onds entire e
pooled and allocated to the public investmérthe majority votes not to contribute, then the
coalition allocates its entire endowment to the private investi@itbe as consistent with the
theory as possible, the dit@n cannot subdivide its collective endowmentthe event of a tie,
a virtual coin flip determines the allocation decision. At the end of the period the coalition is
reseand the next period b @ gdalitiocn menbeérship doemot caeympt y 0

over between periods.

4.4 Treatment 4Coalition Formation with Uncertainty
Treatment four combines the coalition formation mechanism with uncertainty in public
goods provision. This treatmeistsimilar totreatmenthree except that subjexdo not know

whether the public investment will pay out when they make their decision to join the coalition.

5 Because we are focusing on a public gb@hd not a club godd public investment contributions from both the
coalition and the fringe determine the public investment return for all subjects, whetin¢ittoey are members of
the coalition.
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However, once the coalition has formed the so
subjects. In other words, before the coalition (asal@) and the fringe (individually) make

their allocation decisiorgll subjectsare informedvhether the public investment will return zero

or 1.5*MPCR at the end of the peridthe uncertainty in treatment four is resolved between the
coalition formatiorstage and the public good allocation stage to be consistent with theory.

Once again, the probability of ngamovision is 1/3With the exception afhe uncertainty

element, this treatment is identical to treatment three.

5. Results

In this section w@resent twapproaches to analyzing our dafée useboth non
parametric and regression methods to analyze data from our experiments, recognizing the
limitations of eachWe begin withsimple statistical testsf the hypotheses described in the
previous setion. Non-parametric analysis requires minimal statistical assumptions, but may not
capture more subtle results. We tldmvelop two regression models of group and individual

behavior to further test our hypotheses

5.1Summary of Experimental Results
Subjects in our firstreatmentontributed to the public good at rates compartigse in
most previous public goods experiments. Despite the Nash prediction that subjects will allocate
zero tokens to the publgnod we find contribution rates of betwees0 and D percent in the
initial periods. Contributions decline over time to between 20 and 30 percent by theeaict of

treatmentFigure 1 shows the pattern of contribute rates over timedatment one, the standard

®Conditional on being in the coalition, subjects gener e
should contribute, with an error rate of approximately eight percent (voting to contribute wheertiaiis the public
good will notpayou). Subjecsin the fringe made no errors of this kind.
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public goods game with binary doitbutions Because subjectaust allocatiorall or none of
their endowmentthe timetrendin Figure 1is relatively volatile, even after averaging across
sessions.

Figure 2 shows average coalition size over time in the coalition treatment and the
codition with uncertainty treatment.he size of a coalition is thrmumber of individuals who
elect tojoin in a given periodRecall that the coalition resets after each period, so coalition size
is not a functi on pefsevidlecbditionsize@xhibite pdedlining out 0
trend similar tacontribution rates, there is a noticeable degree of stabéityeen periods 5 and
15. In both treatmestoalition size stabilizes after an initial decay and tladla as the subjects
near the end of thieeatment. However, there is nbviousdifference in coalitiorsize between
the neuncertainty and uncertainty treatments.

It isinstructive to examine how subjects behaved in the different experimental sessions.
Table 1 shows the mean contribution sdta each treatment across all eigkssionsSubjects
contributedan average of1.1 percent of their tokens to the public good in the standard public
goods treatment, while rates declined td®3#rcent when the public good provision was
uncertain. Irthe coalition treatment, contribution rates increasedtb gercent but fell bgeven
percent when we introduced uncertainty.

While the above averages suggestlatireely consistent pattern across treatments, there
is significant variability acrossessions. It is possible that the variability in contributions is in
part a function of the binary contribution mechanism. Although we cannot test this conjecture
rigorouslywith our dataprevious work on binary contribution mechanisms is consistent with

highly variable contribution rates (e.g., Cadsby and Maynes 1999).
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In our initial six sessions, we reversed the order ofcwalition and coalition treatments
in sessions three and sBoncerned that the unusually low contribution rates in the publitsgoo
treatment in session three might be a result of order effects, we ran two additional sEsssgpns
the standard order described in sectiorl@vever, as Table 1 shows, session seven has similar
contribution rates as session thr€ensequently, we se® obvious reason to excludeeiedata
from our analysisExcluding sessions three and six does not dramatically chiaageajority of
ourfindings'’ thuswe analyze all eight sessions of data in the remainder of the paper.

Because varying the MPCRimportantto our analysisywe consider the data for the high
(0.6) and low (0.3) MPCR sessions separatkdjle 2 provides summary of the contribution
rate and coalition size in each treatment for lagt low MPCR sessionaverageécross all 20
periads in each treatmerfdnce again, contribution rates increase with the introduction of the
coalition mechanism but decreagken public good provision isncertain. Asn previous
experimental studies, a higher MPCR indiiaigher contribution rates.

Thehigh MPCR sessions hailamatically larger averagmalition sizes fobothno-
uncertaintyand uncertainty treatments, 5.1 in eddbwever, coalition size does not appear to
vary systematicallydepending on whether notthe public goods uncertain Average coalion
size was 3.5 the lorMPCR sessions with no untainty and slightly lower, 3.45nder

uncertainty.

5.1 Statistical Analysis
We now evaluate the statistical robustness of our resigitsy norparametric tests on
both sessionand subgctlevel dataBy using norparametric tests we avoid making

distributional assumptiorthatmay not be warrante&ession averages are appealing because

In subsequent analysis, we indicate when excluding these treatments affects our results.
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they constitute the only truly independent observatibogieverthe small samplsize (N=8)is
limiting. Consequentlywe also consider subjelevel differences across treatmendsing a
Wilcoxon signeerank test® we cannotreject the null hypothesis theontribution rates are equal
in the public goods treatments with and without uncertagitiierat the sessiofonetailed® p
= 0.17) or subjectlevel (onetailed, p = 0.36)However we do findevidence that contribution
rates fall in thecoalition treatments withincertaintyusing sessioievel dataonetailed,p =
0.005). Subjectlevel datgprovide stronger resulf®netailed, p = 0.00Q)Thus we find some
supportfor the hypothesis that uncertainty reduces contribution.rates

We are also interested in whether the coalition mechanism inceeasagecontribution
rates over the simple publiogds treatment. Comparing treatments one and theseamonly
rejectthe null hypothesis of el contribution rates in the public goaatsd coalition treatments
atthe tenpercent leve{onetailed,p = 010).?° Using data at theubject levelve find stonger
support for the idea that the coalition mechanism raises contributiorfoaédsiled, p = 0005).
We also fid evidence thathe coalition mechanisimcreass contributions when the public
good is uncertaifonetailed, p = 0.06)Here the evidece is lesstrong at the subject level (cne
tailed, p = 0.15)Overall, allowing subjects to form a coalition tends to increase the rate at which
they contribute to the public good, as theory predicts.

Turning tothe issue otoalition size, our null hyotheses are that coalition sizdl\d)

be unaffected byncertaintyand (2)fall asthe MPCR risesOur results confirm the former but

18\We use the Wilcoxon signe@nk test to nomparametrically test #nequality of matched pairs of observations,

where the observations are the averages across all periods either for sessions (N=8) or subjects (N=80). The test
takes into account both the directi on (offostdomgesfolan and mag |
observational unit.

9 Because our theory predicts the direction of the difference between treatments, we utsladotest. The

exception is the test on the effect of uncertainty on coalition size. Here theory is ambiguous; cblysewase a

two-tailed test.

®This result is sensitive to excluding the fAreverse or (
only reject the null hypothesis at the 30 percent level for the sdssielndata, and the subjeleivd results are only

slightly more significant.
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refute the latterUsing a signedank test we cannot reject the null hypothesis that coalition size
is equal acrosgeatmeng with and without uncertaintst the session levéwo-tailed,p = 094).
The theory suggests uncertainty has an ambiguous effect on coalition membership, and the
empirical results shed no additional light on the matter

In contrast, weeject he null hypothesis of equal co@bi size across low and high
MPCR usingMannWhitney test' (onetailed,p = 0.(0) in favor ofthe alternative hypothesia,
positive effect of MPCRIn other words, an increase the MP@Rreasesoalition size
contraryto theory We find similar evidence whepublic good provision is uncertainr{etailed,

p = 0.612). This result strongly contradicts hypothesgiswe find that coation size increases
with MPCR The pattern is clear in the data and statistically rolausitgher return on the public
good tends to strengthen the coalition.

Tests of the differences across treatments sugfiggsh higheMPCRraises both
contribution rate and coalition siz&dditionally, the coalition mechanistands to increase
contribution rates. However, there is only weak evidence that uncertainty aifestiser
subjects contribute to the public go@ahdlittle evidenceof an effect on coalition size.

Finally, we also ran all of these tests using only data from periods six thiwagty. As
is common in lab experiments, the first five periods have a higher degree of volatility, which
may be due to subjeétgnfamiliarity with the experiment. By dropping the first five periods, we
considertheresulsfta mor e fi st aolsl Iegeneslethis encfusiop leas oalynodest
effecton our results, with{palues falling somewhat in most tests. For example, testing the effect

of the coalition mechanism on contribution rateth no uncertaintywe can now reject the null

%L The ManRWhiteney tesi also known as the Wilcoxon rarskim tesd is a norparametric test of independent

samples. Here we compare the average contribution rate for th&IRGIR sessions (N = 4) to the rafeslow-

MPCR sessions (N = 4). Again, as theory suggests that an increase in MPCR should reduce coalition size, we use a
onetailed test.
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using ®ssionlevel data at the 0.03 significaniexel, where before we could only reject at the

0.10 level.

5.2 GroupLevel Analysis

We use groupevel regressiotechniquego control for both period and session fixed
effects. The dependent variable is pfee period average contribution rate, which we assume is a
linear function of treatment effects as well as period and session fixed effects. Our estimation

equation is as follows

rate,, = o + S (uncerj+ g, (coalition+ s(session y( periodgroup) + g,

1)
where j = session number2(6)
k = treatment
t = period

Thetwo treatment variables atmcertand coalition, which aredummy variables that

indicate whether the public good was provided with uncertainty and whether the subjects had the

optionto forma coalition, respectivel§? Our hypothesissit h a€« ® = ®.dThebvariable
periodgroupis a set of three dummy variables for period051115, and 1803
consequentlythe coefficient vectot captures the expected decay in contributions over time.

Finally, thesessiordummies allow for iferences in contributions across experimental sessions.

2\We tried including an interaction termmcert*coalition to examine whether uncertainty plays a differential role
in the coalition treatments, but this variable was not significant.

% We use periodyroup dummies rather than individual period dummies to economize on space. Running all
regressions with individual period dummies does not significantly change the results.
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We present the grodpvel regression results in TablelB columna we reportresults
from a pooled regression, which includes data from both the high and low MPCR sd3sons.
next twocolumns b and ¢ provideseparate regression resultséachMPCR level.

The grouplevel regression results support our initial findingsthe pooled regression,
the coefficients on both the coalitf§rand uncertainty variables are significant and of the
predicted sign. Allowing sulgicts to form a coalitiotends to increase the contribution rdig
4.9 percentage pointsvhile uncertainty in the public investment tends to reduce contribuiyons
4.3 percentage point3 he coefficients on the periggtoup dunmies are all negative and
significant whichis consistent with the decay in contributianger time found irmost public
goods experimentd.edyard 1995)

Regressionb andc are generally consistent with the pooled regresgionboth high
and low MP@R sessions, the coalition mechanism tends to increase contribution rates. However,
the coalition coefficient in the high MPCR regression is not significant at the 10 percent level (p
= 0.11). Similarly, uncertainty reduces contribution rates in bothigteand low MPCR
sessions.
5.3 The Effect of the Voting Mechanism

One concern is that the voting mechardswhich we use to aggregate individual
decision® may have an independent effect on contribution rates. Research on voting suggests
that allowing subjestto express their preference for (or against) a collective decision tends to
increase public goods provision (Walker et al. 2000). Unfortunately, it is difficult to separately
identify the effect of voting, as it is a preference aggregation mechanisssagc® implement

an rule that constrains groop individualbehavior. In other words; the voting literature,

# The significant coefficient on coalition formation is sensitive to discarding the data from our reverse order
sessions (three and six). Excluding these data cause the coalition variable to become insignificant in the pooled and
separate regressions. \&lso test for serial correlation across time periods, but we find no evidence of this.
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experimental subjects are always voting for a particulad e.g.,allocation(Walker et al.
2000) punishment (Feld and Tyran 2008),expilsion (Cinyambuguma et al. 20@5)hatmay
be the cause of elevated contributidnghis paper we use a fixedlocation rulean all or
nothing contribution scheme, which is binding for coalition mem@édrs.voting and coalition
mechanisms are inhergntinked.

Nevertheless, we can consideipartthe consequences of voting in our experimental
design.The theoretical model necessarily predicts unanimity among coalition members (due to
homogeneous agentgyti r e al  wo r Iwil bkelysaffed from internalslissenOf the
314 periods in which a coalition formed, 172 (55 percent) resulted in a unanimous decision by
the coalition members. If we relax the unanimity requirement to a supermajority of 80 percent,
233 (74 percent) coalitiorattaired this level of agreemer@oalitions are not consistently
unanimous as the theory predicts, but the level of agreement among members is high.

Finally, if we redo the analysis in Section ar&lexcludeobservations from treatments
three and four in wich the coalitiordid notreach a unanimous decision, the results (not
reported) are unchanged. The coalition mechanism has a strong, positive effect on contribution
rates andif anything, the observed effects are stronger. Consequently, whienammos
voting decisions are not predicted by theory, they appear to have little effect on the experimental
results.

5.4 Individuatlevel Analysis

In addition toour analysis of group behavior, we can also look at individeas|

choices. The regressionodelhere is similar to the grodevel analysisbut includes individual

fixed effects We estimate the following model
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allocatio), =« + £, (uncent) + ,(coalition+ y( periodgroup) + S(session+ p(ife) + g,
2)
where i = individual (60 subjects)
] = session humber2(6)
k = treatment
t = period
Becausave employ a binary contribution mechanism, the dependent variable in (2) is a
dummy variable that indicates whether individuallocated her endowment to the public
investment under treatmekin periodt, sessiorn. As such, we report results from adar
probability model (LPM) as well as a prohitalysis We include the treatment variableeng
with period and session dummies as before. The new varfa)lis,a vector of dummies to
control for individual variation.
Table4 presents the regrasa results based aguation(2). We have suppressed the
coefficients on the individual argkriodfixed effects to onserve space. Column) (@ports the
LPM results. Due to the wellnown limitations of LPM models, we alseport results from a
probit ecificationin column (b)* As in the grougevel analysis, our first two specifications
include a control for the MPCR level. The final two colupmandd in Table 4 report separate
probit regression results for the high/low MPCR sessions.
Once againwe find that being in the coalition treatment increases the likeliticaich
subject contributet® the public investment, while uncertainty has the opposite effbist result

is consistent across pooled and pmoled regressions in both the high émad MPCR case&®

The LPM model indicates that an individual in a coalition treatment is 4.9 percent moradikely

% We presentegression coefficients and not partial effects.
% Excluding sessions three and six, we do not find a statistically significant result on the coaliéibtevareither
the pooled or separate regressions.
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contribute to the public goo€onversely, in the uncertainty treatment subjects are
approximately4.3 percent less likely to contribute toet public goodThe sign and significance
of the probit results argualitativelyconsistent with the LPM modedithough the regression
results should not haterpreted as marginal effects.

Lastly, because we collected some demographic data at thé eachcsession, we
investigate any trends that emerge from the individual allocation results. While we do not report
the detailed results here, we found that older individuat®stly noneconomics graduate
students in our experimeltsare more likely to camibute to the public good. Conversely,
Aexper i en ddhdse who havelparticipated in previous experingetgsd to
contribute lessinterestingly, women appear to contribute less than men, but this effect
disappears once we control for age. Finatpnomics students are no more or less likely to

contribute than others.

6. Conclusion

Endogenous group formation is a growing area éaech in experimental economics.
And while the studies in this area are of high quality, few draw on theory teateot
experimental desigiConversely, there igsignificantbody oftheoretical literature othe role of
coalitions to provide public goods, especially in the contekitefnational environmental
agreements. Unfortunately, little of this theory hasrbistedThis study attempts to bridge
these two research arassngexperimental methods to test theoretical predictions of coalition
formation.

The literature on international environmental agreements has developed simple models

that generate cleaypothesesUsing a laboratory environment we are ablpravideinsight
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into whether these models accurately represent human behavior. Our results argvaixed.
demonstratéhat introducing a coalition mechanisian increase contributions to a public good
although this result is not as robust as some of our other findirggsonger result is thathile
theory predicts an inverse relationship between coalition sizéharréturn on the public gopd
we find the opposite. Doubling the MPCR from 0.3 toiAdeases coalition size by a
statistically significant amounErom the perspective of public goods provision, this is a
potentially promising findingExisting heory states that coalitions are unlikely to fériand
thusserve as aeffectivemechanisrd when the benefits of public good provision are high. In
fact, this study suggestalitions may benore likelyto form whenthey aremost beneficial.

We believe this result is consistent with earlier experimental work on voluntary public
goods provisionln most studies a higher MPCR induces subjects to contribute more to the
public good, as contributions become more valudbsgppears thagubjects respond in a similar
fashion when deciding whether or not to join a coalition. It may be that at a MR the
coalition mechanis@ which offers the opportunity to induce others to contridubecomes
more appealing.

The role of uncertainty is also an importessue in theexperimental and IEA literatuse
Previous work by Dickinson (1998¥es an individal-level regression analysis afidds some
evidence that subjesteduce their contributiongateswhenpublic goods provisiors uncertain.
We find additionalsupport forthis result Even whilemaintaining the expected return on the
public good, subjestreduced their contribution rat@hen we introduced uncertainity public
good provision

A more pressing question in the international agreements literature is whether uncertainty

strengthens or weakens coalitiomie relevance to environmental goasislear: when the
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benefits of abatement are uncertain should we expect more or less cooperation to provide a
public good"Here the theory is ambiguous: some argue that coalition size will increase in the
presence of uncertainty, while others argue thesipgp.Our experimental evidence doast

support either of these hypothesascertaintyhas littleeffect on coalitiorformation This

suggests an opportunity to refine existing theories of coalition formation under uncertainty and

employ more robust enmral methods to & the resulting predictions.
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Figure 1: Average Contribution Rates (by period)
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Table 1 - Mean Contribution Rates (%) for Each Session (by treatment: T1, T2, T3, T4)

Session MPCR  T1: Public Goods T2: PG w/uncert. T3: Coalition T4: Coalition w/uncert
1 0.3 50.5 46.0 50.0 47.5
2 0.3 40.0 35.5 29.0 26.5
3* 0.3 14.5 14.0 49.5 30.5
4 0.6 56.5 51.0 55.0 54.5
5 0.6 54.0 41.5 56.0 43.0
6* 0.6 44.0 44.5 54.5 46.0
7 0.3 11.0 15.0 25.0 20.0
8 0.6 58.0 63.5 66.0 65.0
Average - 41.1 38.9 48.1 41.6
Notes: averages are across all 20 periods; * indicates reverse order session
Table 2 - Contribution Rates And Coalition Size Across MPCR Levels
Low MPCR High MPCR

Treatment

Public Goods

PG w/uncert.

Coalition

Coalition

w/uncertainty

Total

mean
std. error

mean
std. error

mean
std. error

mean
std. error

mean
std. error

Contribution

Contribution

Rate Coalition Size Rate Coalition Size
0.290 0.531

0.025 0.018

0.276 0.501

0.023 0.019

0.384 3.500 0.579 5.063
0.027 0.189 0.017 0.159
0.311 3.450 0.521 5.050
0.029 0.186 0.034 0.144
0.315 3.225 0.533 5.242
0.013 0.132 0.012 0.107

Notes:Contribution rates are averages across all periods and all participants for the low and high MPC
sessions by treatment.
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Table 3 - Group Level Regressions
Dependent variable is the per-period contribution rate
() (b) (c)
Pooled MPCR =0.3 MPCR = 0.6
Coaltion 0.049** 0.064** 0.034
(3.20) (2.93) (1.59)
Uncertainty -0.043** -0.043* -0.044
(-2.83) (1.96) (2.06)*
Session 2 -0.158** -0.158**
(-4.96) (4.94)
Session 3 -0.214** -0.214**
(-6.24) (6.33)
Session 4 0.058
(1.86)
Session 5 0.001 -0.056
(0.04) (1.97)*
Session 6 -0.013 -0.070
(-0.42) (2.49)*
Session 7 -0.308** -0.308**
(-10.76) (10.69)
Session 8 0.146** 0.089
(4.27) (2.73)*
Period Group 2 -0.073** -0.108** -0.038
(-3.16) (3.54) (1.10)
Period Group 3 -0.056* -0.121** 0.010
(-2.56) (3.71) (0.35)
Period Group 4 -0.158** -0.195** -0.120
(-7.16) (6.21) (3.94)*
Constant 0.554** 0.580** 0.584
(20.34) (18.53) (19.50)**
Observations 640 320 320
R-squared 0.26 0.33 0.17

Robust t-statistics in parentheses
* significant at 5%; ** significant at 1%
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