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Abstract

We report the results of an experiment on the growiof a step-level collective good.
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club good game, players who contribute less thanatimount required to become a
member, do not benefit from the collective goodmpared to the benchmark step-
level public good, we find that the introduction af small membership fee has
surprisingly strong effects. It increases signifitya the provision success of the

collective good.
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1 Introduction

Many collective goods are provided only if a minimwontribution level is reached,
e.g. the number of members required for foundinglul of a sport, the NATO
deterrence threshold, generic advertising campdgeause of free-riding incentives,
mechanisms based on voluntary contributions oftaih o reach the threshold
contribution level. The issue of under-provisiorcdies even more severe, whenever
contributors have to bear the risk of a failurehe provision of the collective good.
This happens whenever contributors are not refumdéde event where the threshold
contribution level is not met (Money invested in N® or in generic advertising is lost,
time spent by unsuccessful promoters of a clubois rafundable). The absence of
money-back guarantee is therefore likely to exaatertthe social dilemma faced by
potential members of a club. To overcome the frédeg issue, a widespread practice
consists in imposing a membership-fee for memhebehefit from the collective good.
Agents that fail to reach the fee are excluded ftbenbenefits of the collective good.

Those who meet the fee can enjoy the collectivelgdoenever it is provided.

Our main hypothesis is that the requirement of anbership-fee, even the smallest
one, affects the subject’s perception of the cbation effort. When an agent has the
possibility to benefit from a collective good witltcan effort, the agent focuses on the
“free lunch” side. This is known as the free ridstgategy. In contrast, when an agent is
obliged to adhere in order to benefit from the ettive good, the focus of the agent is
shifted towards the success of his effort. Our @&nto isolate the extent to which

dropping the “free lunch” side of a collective goaffiects its success of provision. For
that purpose, we set the adhesion fee at the shalbssible unit in our experiment so
that it is almost costless. We conjecture thathis fee setting, subjects contribute

strongly whenever they decide to adhere othentisg do not contribute.

Few experiments have investigated the relevantieeofoluntary adhesion principle for
providing collective goods. Orbell and Dawes (198Gpwed that allowing for the
option to adhere or not to a prisoner dilemma gamproves cooperation. More
recently, Swope (2002) introduced an adhesion riea linear public good game. He
showed that average contributions are increasedveMer, social welfare is not

necessarily improved. It can even be lowered wheratlhesion fee is too high in a low
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Marginal Per Capita Return (MPCR) environment. @aga@l. (2004) introduced a two
stage game in a linear public good game. Subjeat® lthe possibility to commit
contributing nothing in the first stage before cimiting in the second one. They found
that free riding declines over time for spitefultmes. Boun My and Chalvignac (2009)
introduced the possibility of exclusion in a simitavo stage game for a linear public
good game and found that it lowers the decay ofamescontributions over time. In our
investigation, we tackle another issue, the refabetween voluntary adhesion and the

provision success of a step-level good.

Our benchmark is the standard threshold public ggaie, which admits two Nash
equilibria in aggregate contributions: one whereenof the agents contributes to the
public good and one where the aggregate contribucequal to the threshold level.
We consider a slightly modified contribution garfa, which a minimum contribution
is required to benefit from the collective good wéeer it is provided. Essentially, the
minimum contribution requirement transforms thendtd public good contribution
game into a club good contribution game. Agents déide to contribute less than the
minimum requirement are excluded from the benefitsthe club good. From a
theoretical point of view, the principle of volunfaadhesion does not affect the
structure of the threshold public good game. Thelifreml game admits the same two
Nash equilibria than the original game. Howeveg, $kt of contribution vectors which
are compatible with the threshold level Nash eljuiim is now restricted to strictly
positive contribution vectors, where the smallesiug is precisely equal to the

minimum contribution level required for benefitifrgm the club good.

Our experimental findings show that voluntary adbesncreases significantly the
success rate of provision with respect to the bexachk treatment. While few subjects
provide the main effort to produce the public gytelding an unequal distribution of
efforts, a proportion of the free riders is congdrto contributors in the club good. The
club is therefore provided with a larger numbecaoiitributing members improving the
success of provision. However, when the free rideesnot converted to contributors,

the club fails to improve the success of provision.

Section 2 presents a simple model of voluntary sidineto the provision of a club

good. Section 3 introduces our experimental dearghsection 4 provides a discussion



about our conjectures. Section 5 presents the meaurts of our experiment. Section 6

provides a discussion of the results and sectioongludes.

2 Theory

Let G be the amount of club good provided by a group afents. We notg agent’s
contribution to the club good angl= w; -g; the value of his consumption of private
goods, wherav, > 0 denotes his endowment. We assume that eaclisagélity u;(x;,

G) is linear in both arguments;(x;,G) = aix + BiG, whereg; is his marginal utility for
private consumption arf8l his marginal utility of the club good. We assuinatt; < [3;

for all i.

The consumption of the club good G by agent i ddpesn two conditions: first the
group contribution must be large enough to meetthheshold levell, and second, if
the first condition is met, agent i will benefibm it's consumption only if his private
contribution is above or equal a minimum requiredtdbutionf (f>0). In other words,
there is both a group threshold contribution lewsld an individual threshold
contribution level. Both conditions must be saéidfin order for a group member to be

able to enjoy the club good.

The provision thresholdT is common knowledge: G =0 if Zgi <T and
i=1

G=)_g otherwise. We assume that if the threshold is net, wontributions are lost,
i=1

i.e. there is no Money Back Guarantee (MBG) medmaniBeyond the threshold, the
club good is provided “linearly”. We interpret ateowhreshold contributions as

improvements of the club good. Agentfaces a social dilemma towards such
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improvements because the marginal return of thé good f;) is inferior to the
marginal return of the private good;(), butZ 3; may be larger thaw. For instance in
the symmetric casex{ = o, Si = fandw, = wfor all i), kB >a for k large enough

O<k<n. Agent i decides to adhere to the clul{fm-f, G) > ui(wi, 0). We summarize

player i's utility as follows:

u(g,G)=a(w—-g)+A LG if G=T
u(g,G)=ai(w—g) else
with A=1if g=>f
A=0 if g<f

The contribution game admits two Nash equilibricaggregate contribution§& = T
andG = 0. Depending on the parameter setting (,Tw..) the interior equilibriunG =

T is compatible with multiple vectors of individuabntributions characterized by

n

Zgi =T,g<pTandg> 0.

i=1

In the symmetric case, the interior equilibriumd®ardominates the equilibrium where
G = 0. Agenti chooses his contributiogy in order to maximize his utility given the
contribution by other playerg;. The multiple Nash contribution vectors differ kit
respect to the cost-sharing arrangement among gnampbers to provide the step-level
good. One obvious arrangement is sharing equadyctst (T/n) among members, but
there are also very unequal arrangements where sbithe participants “cheap ride”
on others’ contributions. The group optimum is aebkd whenever all players

contribute their endowment to the club, i.e. waugssn S > a.



Contributing O can no longer be interpreted asea fiding strategy in the club good
game since agents are excluded from the benefitsetfavior similar to free-riding

occurs in a context of provision of club goods:réhées a temptation for players to
contribute the minimum required amouf)ttd benefit from the club good. We identify
such behavior as “cheap riding”. In our experimesttting we let this temptation

become very strong, by setting the valuef at the minimum experimental currency
unit, i.e 1 token. We chose the smallest possialaevin order to study the principle of

voluntary adhesion under extreme conditions.

3 Experimental design

Before presenting our test treatment based on tineiple of voluntary adhesion, we
start with a presentation of our reference treatmenlinear public good game with a
threshold. In each round, subjects received anlemdowment ofv = 20 tokens that

they had to allocate (in integer amounts) betwegmivaate account and a collective
account. The private account yielded a marginalrnet = 1 per token invested. The
collective account provided a marginal ret@ira 0.5 per token invested if the threshold
level T was met. If in a given round aggregate contrimgiwere below the target level
T, subjects’ contributions were lost. If the grougmuibution was above the threshold,
each member of the group enjoyed the total amoftitheo collective good provided

above the threshold.

The club good treatments, hereafter called “volyntadhesion treatments”, were
identical to the public good treatments (baselieglept that group members who did
not contribute, were excluded from the benefit lo¢ ttlub good whenever it was

provided. For both treatments, we compare thregldenf the threshold: a low threshold
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(15 tokens), medium threshold (30 tokens) and Hhigleshold (60 tokens). Each
threshold level corresponds to a different degreeoordination difficulty. Indeed, as
the threshold becomes higher, subjects are exptwsed higher risk of a provision
failure. In the low threshold, only one contribufout of four) is required to reach the
threshold, in the medium two contributors are ndeaed in the high threshold three.
The number of contribution vectors constituting Nasgjuilibria is lowest in the low
threshold and highest in the high threshold. Bmale assumed that contribution and
adhesion are simultaneous in our case. Two reawnthis choice: First, it allows
examining voluntary adhesion specifically as justaption for exit. In a two-stage
game, other variables - like the information of legmn- will interfere that are not of
interest to our investigation. Second, it keesnitple for subjects. Table 1 summarizes

the parameters of the experiment.

The experiment was run at the University of Monipel, with a large subject pool of
volunteers from various disciplines: economics, ,laart, psychology, literature,
medicine, engineering, and sports. The experimead programmed and conducted
with the software z-Tree (Fischbacher, 2007). 18Bjexts were involved in the
experiment. Care was taken to ensure that no dupgticipated in more than one
session. A public reading of the instructions fakal a private one in order to make the
rules of the game common knowledge. Since we tésther voluntary adhesion may
affect the contribution behavior, careful attentias given in the instructions to
prevent any design effécfThe constituent game was repeated 25 roundse&ahiere
randomly assigned to groups of 4 players in a partiesign. The history of the past

interactions within each group was available toheagbject at any time during the

% We avoided the use of words like “invest” or “cdimttions” preferring words like “put”, “budget” or

“account” in order to be neutral



experiment. The accumulated point earning over 2ZBerounds was converted into

Euros at the end of the experiment at a publichoanced rate.

Table 1

Experimental parameter @

' Ste
Treatment Threshold Reguwed @ Number P
contributors @ of groups retyrn ®
Low 15 1 6 2
Baseline |Medium 30 2 5 2
High 60 3 4 2
Low 15 1 8 2
Voluntary )
) Medium 30 2 6 2
adhesion )
High 60 3 4 2
ngT ,

Number of contributors required to reach the thoeshy (b) Benefit /cost=? ;

4 Conjectures

The public good game and the club good have thee saterior Nash prediction.

However, the set of equilibrium contributions vestof the club good game is included
in the larger set of equilibria of the public gogdme. There are therefore fewer
possibilities for coordination failure in the vobany adhesion treatment than in the
baseline treatment. For the low threshold the gabtution in the baseline treatment,
l.e. the number of vectors constituting a Nash ldaruim, is equal to 23. Introducing

voluntary adhesion drops this set of solution tovéétors. That is a reduction of 30.4%.
For the medium threshold, it is reduced by 19.46mf139 to 112. Our first conjecture

is thus:

* Since we are considering a step level continuopstwided above the threshold and that subjects
homogenously value the provision of the collectg@d, the step return does not vary between the
thresholds (Croson and Marks, 2000)



Conjecture 1: Under voluntary adhesion provision success is more likely

than in the baseline.

The interior equilibrium of the public good game dempatible with contribution

vectors involving one or more players who free-ridepending on the level of the
threshold. In contrast, under voluntary adhesion the nunatbesontributing members

at the interior equilibrium is always equal to thember of players in the group,
whatever the level of the threshold. This differemntails two consequences: first, we
expect to observe a larger number of contributirggnivers under voluntary adhesion,
and second, the group payoff, called “welfare” #adter, should be equal in both
games. Moreover, if conjecture 1 is verified, vaarg adhesion may actually lead to
higher average welfare over rounds, because ofrfea@dination failures. Our second

conjecture is thus:

Conjecture 2: Voluntary adhesion leads to a larger number of
contributing members than in the baseline treatment, and welfare is at

least as large than in the baseline.

® Contribution vectors for which the group contribuatis equal to the threshold and for which two or
three players free-ride are not necessarily Nasilileda. In the medium threshold, there existsyomhe
equilibrium contribution vector where exactly twdayers free ride (15, 15, 0, 0). The contribution
vectors (16, 14, 0, 0), (17, 13, 0, 0), (18, 1200 (19, 11, 0, 0) and (20, 10, 0, 0) are natildaria
because player 1 is always better off if he desi&esimilar arguments holds for the permutatiothese
vectors). The same remark holds for the low ttokkH15, 0, 0, 0), (14, 1,0, 0), (13,2,0,@R, 3,0
,0),(11,4,0,0), (10,5,0,0), (9,6,®, (8,7,0, 0) are not Nash equilibrium vestdtor the high
threshold, all vectors for which the aggregate gbution is equal to the threshold are Nash equdib
One player can free ride in the high threshold,the contribution vector (20, 20, 20, 0) and pdatians

of it.



The contribution of 0 tokens in the public goodhs free riding strategy. In the club
contributing O excludes the subject. Therefore, fee riding strategy in the public
good cannot be applied in the club. Rather, a stilgentributes the minimum unit in
order to be not excluded. We call this strategyreé riding in the club cheap riding.
Furthermore, in the public good treatment we carseparate free riders and subjects
that reject the contribution to the collective goddhe strategy of contributing O can
indicate either a free riding behavior or a Naspeetation (coordination on the Pareto
dominated equilibrium). However, this distinctioatlween profiting from the effort of
the group and just rejecting the provision becopessible under voluntary adhesion.
When a subject contributes 1 token to the collecsigcount, it is cheap riding. When a

subject does not contribute, it is the exit choice.

As a consequence, in order to compare the stratefyge riding in the baseline to the
cheap riding under voluntary adhesion we need topewe the proportion of free riders
in the baseline to not only the proportion of cheaers but also to the proportion of
subjects that choose the option exit. We expethigiexperiment to observe the same
proportion of free riders in the baseline and ia thub. Since there is no theoretical
prediction on the distribution of the effort amosgbjects of the same group, the

proportion of free riders should remain the same.

Conjecture 3: The proportion of free riders in the baseline treatment

remains the same in the voluntary adhesion.

In the next section, we present the results of experiment with respect to these

conjectures.
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5 Results

Table 2 reports a summary of our data: the averatjeidual contribution, the average
of strictly positive contributions and the averageup contribution for each treatment
(baseline and voluntary adhesion) and for eactshioid level (low, medium and high).
The success rate of provision is measured by thive frequency of successful
provision of the step-level good, i.e. the numbér periods where the group

contribution is at least equal to the thresholdiddid by the number of periods.
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Table 2: Summary statistics

Average individual

Average contribution

per contributing

Success rate of

Average group

contribution @ (sSD) o provision ® contributions (SD)
member ® (sp)
. Voluntary ) Voluntary . Voluntary ) Voluntary
Baseline _ Baseline _ Baseline ) Baseline )

adhesion adhesion adhesion adhesion
3.95 5.78 8.68 6.15 15.82 23.14

Low (T=15) 41.3%  73.5%
(6.48) (5.68) (5.84) (3.79) (19.13) (15.64)
6.44 7.83 10.76 8.67 25.79 31.35

Medium (T=30) 39.7%  67.7%
(6.67) (5.89) (4.06) (3.34) (17.88) (14.26)
8.21 7.15 14.61 12.42 32.87 28.60

High (T=60) 39.0%  30.0%
(8.23) (8.22) (2.93) (5.26) (29.09) (26.13)

(&) The symmetrical equilibrium is 3.75 for the ldweshold, 7.5 for the medium threshold and 1&mskfor the high threshold

(b) Group contributions / number of contributingmigers in the group

(c) Success rate = Number of times groups reacththshold / Number of periods
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Result I Groups in the baseline and in the voluntary adhgon treatment do not

coordinate on the Nash equilibrium.

Groups do not coordinate significantly on the thadg in both treatments and for each level
of threshold. In the baseline treatment of the taveshold, only 4.82 8of the provision

success constitutes Nash equilibrium. It is 4.78#%¢he voluntary adhesion treatment. The
percentages are also weak in the medium and tiethigshold: 3.33 % and 10.25% for the

baseline, 6.25 % and 30.0'96r the voluntary adhesion treatment.

A possible explanation to this result is the relyate used in the experiment: a continuous
earning above the threshold. There is no penaltipgs for overcontribution. In contrary,
overcontribution is rewarded. Subjects are theesfemcouraged to target a higher level in
order to insure the success of provision of theaug or to simply earn more tokens. Our
finding is consisting with the previous investigation the rebate rules of Marks and Croson
(1998). The authors showed that the *“utilizatioetuincreases the variance of group
contributions around a threshold. Since in our gleshe incentive for overcontribution is
higher than the experiment of Marks and Croson &§f9¢he low level of group coordination
around the threshold is therefore more likely tgpgen. Our result confirms the previous

findings of the authors.

® Percentage of Nash equilibria = Number of Nashilibgia / Number of times group contributions reaah
least the threshold

"In 100 trials, subjects succeeded 30 times tohrélae threshold. 9 out of these 30 successes tgashiash

equilibrium.

8 The payoff of the collective account is twofoltlis decomposed in a constant payoff for just hirag the
threshold and a lower marginal return for overdbotiuon. Our design is rather similar to the osediby Isaac

and Walker (1989) with a same marginal return ketwreaching the threshold and overcontribution.
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Result 2 Voluntary adhesion significantly increases the stcess of provision.

Introducing voluntary adhesion improves the sucadgsrovision for both threshold levels:
low and medium. The success of provision is impdolg 32.2% in the voluntary adhesion
treatment of the low threshold with respect to Haseline and by 28.0% in the medium
threshold. Visual inspection of average group cébuations over time also shows a higher
curve in the voluntary adhesion treatment for bletvels of threshold (figures 1 and 2).

Clearly, voluntary adhesion leads to a higher sseoé provision.
Support for result 2

The x? test confirms that provision success is signifiyatarger under voluntary adhesion

for the low threshold *=36.86; p<0.01) and for the medium threshoid £22.33; p<0.01)
with respect to the baseline treatment. A logit gbashata regression with random effects
confirms the results of the non-parametric tese bimary dependent variable takes value 1 if
the group contribution is larger or equal to theeshold and O otherwise. We take as
explanatory variables th¢oluntary adhesion dummy (1 for adhesion and O for the baseline),
and the round numberP¢riod). Table 3 reports the result¥oluntary adhesion has a
significantly positive effect on provision succe3$ere is a slight decline of the success of
provision over time. This finding is consistent kvihe traditional decay of contributions in

experiments on public goods.

It is remarkable to point out that just adding gussibility for adhesion to subjects improves
dramatically the success of provision. The levahgfrovement is comparable to an incentive

as strong as refunding contributions when the giomi point is not mét(also called Money

° We conducted the same experiment with money baekagtee for both threshold levels. We obtain traes

level of provision success: 80.0% in the low (7&5under voluntary adhesion) and 69.3% in the medium
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Back Guarantee, see Isaac and Walker (1989)). dthed acts as an assurance mechanism. It
drops the risk of loss associated to the coordinatiailure. Voluntary adhesion acts

differently. It facilitates coordination. We disauthis issue in Result 4.

Table 3

Panel data regression for provision success (low amedium threshold ®)

Regressors T=15 T=30
Intercept 1.34 (*) -
(1.74)
Voluntary adhesion 2.36 (***) 1.45 (**)
(2.36) (2.25)
Period -0.15 (***) -0.07 (***)
(-6.35) (-3.66)
Log likelihood -153.27 -164.78
Number of observation 350 275
Number of groups 14 11
Time periods 25 25

(***): significant at 1% level; (**): significantat 5% level; (*): significant at 10% level; -- naignificant; (a):
T-statistics are in parentheses

(67.7% under voluntary adhesion). There is nosttesl difference between the two success of pravigesults.

Low (x° =2.00 ; p=0.15) Mediun x° =0.07 ; p=0.77).
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Figure 1: Average group contributions (T=15) (voir annexes une autre figure possible a plack cella la)
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Figure 2 : Average group contributions (T=30)
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Result 3 Voluntary adhesion increases the number of contbuting members and
improves welfare.

We define a contributing member as a subject whuritmtes a strictly positive amount to
the collective good. Table 4 depicts the averagmanion of periods for each number of
contributing member per group for the low and thedimam threshold. In 79% of the periods
in the voluntary adhesion treatment of the low shadd, the four members of a group
contribute to the collective good. This happensyanl17% of the periods in the baseline
treatment. In the medium threshold the 4 membéthe group contribute in 77% of the
periods while this happens only in 26% of the migion the baseline treatment. Clearly,

voluntary adhesion increases dramatically the nurabeontributing members.

Table 4 Average proportion of periods for each number ofcontributing members per group(*)

Number of
contributing Low Medium
members per group

Voluntary Baseline Voluntary

Baseline adhesion adhesion
0 28% 3% 14% 3%
1 19% 2% 13% 3%
2 19% 4% 19% 5%
3 17% 14% 28% 13%
4 17% 79% 26% 7%

100% 100% 100% 100%

(*) Number of contributing members per group byiper total number of periods

217 -



Support for result 3

We run a panel data regressibwhere the number afontributing members per group is
taken as the dependent variable. The explanatariahles are thé/oluntary adhesion
dummy and the round numbé€Period). Table 5 reports the results of the regression.
Voluntary adhesion has a significant and positive effect on the numdiercontributing
members in the low and the medium threshold. The numliecontributing members is

increased by 2 in the low threshold and by 1 inntieelium threshold.

Table 5

Results from panel data regressions explaining thaumber of contributing member per group for each

level of threshold®

Regressors Low Medium
2.59 (*** 3.12 (***

Inter cept ) )
(7.94) (12.60)

1.88 (*** 1.14 (x**

Voluntary adhesion ) )
(4.50) (3.48)

Period -0.084 () -0.05 (***)
(-11.37) (-6.55)

R2(overall) 50.14% 27.86%
Number of observation 350 275
Number of groups 14 11
Time periods 25 25

(***): significant at 1% level; (**): significaniat 5% level; (*): significant at 10% level; -- nsignificant; (a) :

T-statistics are in parentheses

1% We also perform a?test comparison. It shows an increase of the nurabeontributors in the lowyf =

153.31; p<0.01) and in the medium threshqfd=(67.28; p<0.01).
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Our conjecture 2 states that welfare in the volyntalhesion is at least as large as in the
baseline. We take as indicator the total group fiaggn average subjects earn 11.46€ in the
baseline treatment and 12€.35 in the voluntary sidhetreatment for the low threshold, a
significant difference (U-test = -3.30 ; p<0.01)m8arly in the medium threshold subjects
earn an average of 11.16€ in the baseline and €2rbthe voluntary adhesion treatment (U-
test = - 2.30 ; p=0.02). Conjecture 2 is therefooaefirmed: voluntary adhesion improves

subject’s payoff.

Result 4 All the free riders in the baseline treatment arenot converted to cheap
riders in the voluntary adhesion treatment.

Our experiment shows that the proportion of fredens in the baseline decreases in the
voluntary adhesion treatment. There is a peake# fiding in the baseline treatment while a
lower focus on cheap riding by subjects of the mtdey adhesion treatment. In the low
threshold, 56.33% of the amounts contributed ark&ns and 40.27% in the medium
threshold. Under voluntary adhesion, there is a hlaarked distribution for 0 and 1 token
contributed: only 9.13% and 22.88% in the low addB2% and 8.62% in the medium. That
is 24.32% (low) and 19.83% (medium) of the freeer&din the baseline have changed their
behavior in the club. Thus, our conjecture 3 iegd: we do not observe the same
proportion of free riders in the baseline and tlduntary adhesion treatment. Moreover

figure shows that free riders are converted we miesthat the high level

Support for result 4
This result is first confirmed by a non-parametyé test: there is a significant difference

between the proportion of free riders in the bage{contribution 0 token) and the proportion

of auto-excluded subjects (contribution 0) + chemjers (contribution 1 token) in the

voluntary adhesion treatmenty{=83.10 ; p-value<0.01 in the low agd=49.85 ; p-
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value<0.01 in the medium). Second, a Kolmogorov+Bav test shows the existence of a
different distribution of the tokens contributed tbe collective account in the two
treatments’ (D=0.4720 ; p-value <0.01 in the low and D=0.2858-value<0.01 for the

medium threshold).

Thus, this finding supports result 3. There is ghbr level of contributing members under
voluntary adhesion. Part of these contributing memmltomes from the conversion of free

riders in the baseline treatment.

Result 5 Average contribution per contributing member is sgnificantly lower in
voluntary adhesion treatment than in the baseline.

The collective investment of a contributing memimethe voluntary adhesion is significantly
lower than the one of a contributing member inlibeeline treatment. Table 2 points out this
finding: in the low threshold a contributing memiavests 2.53 tokens more in the baseline

(2.09 tokens in the medium threshold) than und&mtary adhesion.

This difference is statistically significant (U=2;9p-value<0.01 and U=3.77; p-value<0.01).
This result is also found when we consider only ¢hses of the success of provision in the
two treatments (U=5.79 ; p-value<0.01 and U=5.28ajne<0.01). Note that the lower level
of individual contribution in the voluntary adhesidreatment is not correlated to the
existence of a higher number of contributing memslerthe group (Cf. Result 3). Indeed, the
group contribution in the voluntary adhesion treatimis significantly different than in the

baseline (U=-5.71 ; p-value<0.01 for the low and3J32; p-value<0.01 for the medium).

Hence, the collective contribution in the club ifedent on two aspects with respect to the
baseline: first we observe more subjects contnilguith the group. Second, subjects contribute

less. But, as members in a group under voluntangsidn are numerous to contribute they

! Figure 5 and 6 in the appendix depicts the distidim of amounts contributed to the collective agto
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reach a higher level of success of provision. That the baseline treatment, a few generous
individuals provide the public good whereas in tr@untary adhesion treatment all the
subjects provides the club good but with less ildial effort. Figure 3 illustrates this
modification of subjects’ collective contributiomder voluntary adhesion. It depicts the
decumulated frequency of the contributing memberthé collective account. It shows that
for each level of contribution there is a higheegmency of observation in the baseline

treatment than in the voluntary adhesion treatment.

Figure 3: Deaimulated frequency of contributing members
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Result 6 In the high threshold, there is no significant diference between the
baseline treatment and the voluntary adhesion treabent. There is however a

lower welfare under voluntary adhesion.

In the high threshold, group contributions in tlesdéline and the voluntary adhesion treatment
do not reach the threshold level on average. Bssiteither the baseline nor the voluntary
adhesion treatment perform significantly betterttBmeatments reach the same average level
of group contributions. Introducing the principlé woluntary adhesion is therefore not
sufficient to improve the success of provisionhe high threshold. While in the low and the
medium threshold just allowing for an exit dramaliiz improves the success of provision,

this is not the case for the high threshold.
Support for result 6

Figure 4 depicts average group contributions ovee tfor the high threshold. A visual

inspection clearly shows that group contributionsndt reach the threshold. It is confirmed
by a unilateral T test for the baseline (t = -9.32value<0.01) and (t = -12.01 ; p-value<0.01)
for the voluntary adhesion treatment. Figure 4 abows that there are no significant

differences between the success rate in the basehd the voluntary adhesion treatment

( x¥?=1.79; p=0.18) and group contributions (U=1.27 026).

The low success of provision found for the highe#fiold is consistent with previous
experimental results on threshold goods withoutnding. (Bougherarat al., 2007; Dawes
et al., 1986; Isaaet al., 1989; Suleiman and Rapoport, 1992). A possibfgagmation is that
subjects face a high risk of provision failure. Ttheeshold level requires a costly effort from
the members of a group: three endowments out af do& needed to reach the threshold.
Another example, the symmetrical Nash equilibrianfigcal point, is to contribute 75% of the

endowment of each member. Besides, there is namdebi contributions whenever the
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threshold is not met. As a consequence, small teparfrom equilibrium contributions entail
costly loss for the members of the group who tryeach the provision point. Subjects stop

therefore coordinating around the threshold.

In addition to this high risky level of thresholde observe this time the same number of
contributing members in the baseline and the valynadhesion treatment for the high
threshold (U=6.26 ; p-value=0.18). At the diffezenof the low and medium threshold,
voluntary adhesion did not increase the numberootriouting members. This may explain
the failure of the voluntary adhesion as an ineenfor the high threshold. Besides, our
finding shows that such incentive can lower sulgegayoff. We observe a higher payoff in
the baseline treatment than in the voluntary adimesieatment (U=2.72; p-value<0.01).

Giving the option of auto-exclusion can be at thd mefficient for high threshold levels.

6 Discussion

It is a remarkable result that just dropping treefaspect of a step level collective good can
dramatically improve the success of provision while theoretical predictions remain the
same. Under voluntary adhesion, the success ofigwovincreases by 32.2% in the low
threshold and 28.0% for the medium threshold. Thigrovement of the success of provision
is not obtained by a higher individual contributidm contrary, a contributing member invests
significantly less under voluntary adhesion witkpect to the contributing members of the
baseline treatmenC{. Result 4). We could expect that subjects in thé elould keep the
same level of contribution to the one of the basetreatment or even increase it. This is not
the case. The contributing members of the groupribarte less but as they are numerous to
provide the collective good, they provide a higherestment in the collective account and

obtain therefore a better level of success of gioni

-23 -



The Nash prediction can explain the higher numlberoatributing members (Cf. conjecture
2). All the equilibrium are made of the 4 playefdte group. But the Nash prediction states a
same Pareto-dominant equilibrium for both treatmeitdoes not explain therefore the better
success of provision observed under voluntary adhe®ur findings suggest rather the
existence of a relation between the reduction$iefset of the solution and the coordination
issue. As stated in conjecture 1, voluntary admeseduces the set of the solution for
playerd? It seems that the more the reduction of the seémportant the more likely the
success of provision will be important. Indeed, thest effective results are observed first

with the low threshold, then with the medium thi@dhand finally with the high threshold.

However, the experiment also reveals that dropghiedgree aspect of a high level of threshold
is not sufficient to improve the success of prayisiln contrary, it decreases the welfare by
excluding subjects. A possible explanation is the# observe the same number of
contributing members on both treatments in thiecdtsseems that the reduction of only
XXX% of the number of contributions vectors in aky environment is not sufficient to

improve coordination. Further investigation on thkation between the reduction of the set of

the solution and the facilitation of the coordinateffort is requiretf.

Conclusion

We aim to investigate the relation between theaoptf voluntary adhesion and the success
of provision. Allowing for voluntary adhesion drofiee free aspect of a collective good. It is
a club good when there is an option for exit aqailalic good else. For that purpose we set an

experiment where voluntary adhesion is almost esstl We compare three levels of

2 The problem faced by our player is close to thét oordination experiment of Van Huyck et al. 909 but

in a context of non-Pareto ranked equilibria.

13 See the investigation of the same authors orishig.
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threshold, each time with and without voluntary eslon. There are few theoretical
differences between theses two games. In partictier equilibrium in aggregate group

contributions remains the same, providing exatiythreshold.

Our experiment reveals that voluntary adhesion ifsogimtly increases the success of
provision and welfare (except for the high thredholvhile it decreases the effort of
contributing members. These results suggest tf@waenerous subjects contribute the bulk
of the group contributions in the public good treanht. However, in the voluntary adhesion
treatment the effort to provide the threshold igenfirly distributed among the subjects. A
possible explanation to our result is the decreéske set of the contribution vectors of Nash
equilibrium. This decrease percentage is maximamne threshold is low. This is also the
most effective setting in our experiment. Voluntaghesion is an incentive to decrease the

coordination failure.

-25 -



References

Bougherara, D., Denant-Boemont, L. and Masclet, ZDQ7, Creating vs. Maintaining
Threshold Public Goods in Conservation ContrabtRA Rennes.

Boun My, Kene and Chalvignac, Benoit, 2009, Voluptearticipation and cooperation in a
collective good-game. Working paper.

Cason, T. N., Saijo, T., Yamato, T. and Yokotani, R004. Non-excludable public good
experiments. Games and Economic Behavior, 49(1),021

Croson, R. T. A. and Marks, M. B., 2000. Step metun threshold public goods: A meta-and
experimental analysis. Experimental Economics,,Z39-259.

Dawes, R. M., Orbell, J. M., Simmons, R. T. and \aKragt, A. J. C. , 1986. Organizing
Groups for Collective Action. The American Politicdcience Review, 80(4), 1171-
1185.

Fischbacher, U., 2007. z-Tree: Zurich toolbox f&ady-made economic experiments.
Experimental Economics, 10(2), 171-178.

Isaac, R. M., Schmidtz, D. and Walker, J. M., 1988e assurance problem in a laboratory
market. Public Choice, 62(3), 217-236.

Marks, M. and Croson, R., 1998. Alternative rebaties in the provision of a threshold
public good: An experimental investigation. JouroPublic Economics, 67(2), 195-
220.

Suleiman, R. and Rapoport, A., 1992. Provisiontepdevel public goods with continuous
contribution. Journal of Behavioral Decision Makiig 133—153.

Swope, K. J., 2002. An experimental investigatibexcludable public goods. Experimental
Economics, 5(3), 209-222.

Van Huyck, J. B., Battalio, R. C. and Beil, R. @90. Tacit Coordination Games, Strategic
Uncertainty, and Coordination Failure. American lmmic Review, 80(1), 234-248.

- 26 -



Appendix :

Distribution of tokens contributed collectively
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Medium threshold

-28-

< <
e ™
= =
K=l 2
5~ 8 o
L L
1—! -
o
0 5 10 15 0 5 10 15 20
Tokens Tokens
Medium threshold
Baseline Voluntary Adhesion
™ ™ -
N - ~
= =
2 S
g g
LL LL
- ok
O o
T T T T T T T T T T
0 5 10 15 20 0 5 10 15 20
prov prov



Fraction
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Quantile of tokens contributed collectively
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Evolution of the frequency of success of provision
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