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1. Introduction

A public good game (PGG, hereafter) gives rise $o@al dilemma insofar it leads to a
conflict between individual and collective incemtsv Specifically, in the Nash
equilibrium, individuals may free ride by contrilg nothing to the public good,
whereas it would be Pareto optimal if all indivitluasources were invested in the
public good. An important feature in the emergenéethe social dilemma is that
individuals indistinctively access the public gao@spective of their contributions. On
the other extreme, if individuals are granted asd¢eshe public good in shares equal to
their participation to the common property, theiabdilemma vanishes, provided that
the net return to individual participation is post Therefore, appropriation of the
return to one’s own investment eliminates the datilamma. However, this makes the
essence of a public good disappear, trivially gaiag the context to one of a private
good. We study the intermediate case arising wieterbgeneous individual shares of
the public resource, rather than proportional thiviual contributions, depend on the
ranking of individual contributions. That is, respeely, higher, intermediate and lower
shares correspond to the highest, intermediatdéoavekst contributor.

An example in which contributors receive differehtires from a public good can
be found in educational systems in which a bastellef the product or service is
shared by all users, while a higher willingnesspty for it gives access to better
education. Another example can be found in soaalsty systems which let you
choose the level of the service, correspondingfterdnt levels of contribution.

We analyse the role of intragroup competition ia slustainability of cooperation
in the context of a PGG. In the repeated PGG imphdsed, intragroup competition is
introduced by assigning different marginal per tapieturns (MPCR, hereafter)
according to each member’s contribution. In patéicusubjects in the same group are
ranked according to their contributions, so thatsabjects receive a positive share of
the public good but the subject with the highesikreeceives the larger share of it.
While, under certain parameterizations, this conpegserves the social dilemma nature
of a PGG, our experimental results show that ivigkes an efficient incentive system
for individual contributions to rise significanths compared to the standard symmetric-
returns version. As expected, the efficiency oé thcentive system in raising individual
contributions is sensitive to the asymmetry of wdlial returns resulting from the
ranking of contributors. Therefore, this systensh®wn to be an important candidate
for real-life tax policy measures in which the degof appropriation of the common
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resource according to the ranking of contributarstie system could constitute an
effective incentive for individuals to contributeone, without revealing the exact
individual contributions to the public good, anl$, preserving anonymity.

Furthermore, we analyse whether subjects’ respensss to this incentive
scheme relates to their risk attitudes. Specificalle obtain individual data from a risk
elicitation task and analyse whether taking higies in the presence of higher risk-
returns predicts higher contributions in the intoagp competitive PGG.

The paper is organized as follows. In Section 2bwefly review some relevant
related literature. Section 3 motivates the reseguestion and proposes the theoretical
prediction of the game. In Section 4 we explaird@tail the experimental design and
state our main research questions. In Section Bla®rate the data analysis and show
the main results. Section 6 concludes. The subjexferimental instructions are in the

Appendix.

2. State of the art

Cooperation and its sustainability in a social mitea is a central research question in
the economics research agenda. In the basic veo$iarPGG, it is individually more
profitable not to contribute and “free ride” on tipeiblic good generated by the
contributions of otherS.However, the socially desirable result (Paretdcigffit) in
which all individuals obtain the highest aggregaagoff, is achieved when all subjects
contribute.

Experimental research on repeated PGG has oftemnstiat contributions start
from around 50% of the endowment, declining towazdso as later periods of the
session as reached. Dealing with the free-ridirgblem has given rise to alternative
strategies like allowing communication among suigjedsaac and Walker, 1988),
introducing costly punishment (Fehr and Rockenb@6®3; Fehr and Gatcher, 2000),
allowing for voluntary participation depending dretshare of defectors (Semmann et
al., 2003), introducing proportional MPCR facto@o(asante and Russo, 2017; Lange
et al., 2007), and other methods of heterogengmou®priation of the public good like a
lottery and an all-pay auction (Corazzini et ab1@; Faravelli and Stanca, 2012).

Julian and Perry (1967) were the first to suggestpetition (i.e. rivalry among

players) as a way of solving or at least mitigating free-rider problem. However, as

! Such is the game-theoretic prediction since ‘natdntribute’ is a dominant strategy in the onetstmal
in the finitely repeated version of the game.



Gunnthorsdottir and Rapoport (2006) suggest, trstindtion of ‘between’ versus
‘within’ group competition is relevant. The litetme shows good evidence of the
positive correlation between inter-group competitamd cooperation, and this evidence
comes both from the lab (see, for example, Bornsadi al., 2002; Céardenas and
Mantilla, 2015; Bohm and Rockenbach, 2013; and Msskn et al., 2014) as well as
from the field (Augenblick and Cunha, 2015; andvEeeal., 1993F.

Public good dilemmas with intergroup competitioay@ been analysed under the
framework of step-level PGGsee Rapoport and Bornstein, 1987). The inquirghen
intergroup competition by using different socidledima games leads to an important
result: competition is a powerful tool to fosteroperation. Bornstein and Ben-Yossef
(1994) analysed the effect of intergroup conflista prisoner’s dilemma game and
found out that cooperation is significantly high@hen competition is introduced.
Bornstein et al. (2002) studied the effect of igteup competition on behaviour in the
minimal-effort gamé and observed that intergroup competition improeedective
efficiency. In the context of a PGG, Tan and Bq&907) analysed the effect of
competition with and without monetary incentivesd astetected a stronger effect of
competition with monetary rewards. Furthermore, rnen and Mappes (2009)
confirmed that competition fosters cooperation ewena simple one-shot game.
Interestingly, the contribution by Markussen et (@014) introduces the novelty that
subjects are asked to vote for competition. As saultethe majority of the subjects
showed a preference for competition, which lecuim to a higher level of cooperation.

While the positive effect of intergroup competiti@m cooperation has been
sufficiently documented, the effect of intragrougmpetition in enhancing cooperation
still remains rather unexplored. One of the firstamples is Falkinger's (1996)
mechanism for overcoming the free-rider problemgerghdeviation from the mean

contribution to the public good are taxed and gsilibed, depending on the sign of the

2 A very interesting theoretical approach deals witbperation and aspects that are out of the sebpe
the present work like the heterogeneity within ¢gineup in collective contests (Nitzan and Ueda, 32018
the size of the group and the coordinated punishnieiwvang, 2017), or the group formation in
heterogeneous societies (Lind, 2017).

% “In step-level [...] public goods a funding threstidias to be reached before the good can be pravided
[...] The step-level public good game differs stratally from the linear public good game. In the one
shot linear public good game, the dominant strategyot to contribute at all. In the one-shot syl
public good game multiple Nash equilibria exist. Arefficient Nash equilibrium involves nobody
contributing. There are efficient Nash equilibmiapure strategies where three of thplayers contribute
(i.e., there are exactly enough contributions thethe threshold).” (Schram et al. 2008).

“ The group with the higher minimum won the comjpmtitand its members were paid according to the
game’s pay-off matrix. The members of the losingugrreceived a zero payoff.
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deviation. Later, Falkinger et al. (2000) condutarge series of experiment in order to
examine the empirical properties of the mechanisbiaining immediate and large
efficiency gains, and their result is robust threogt many different experimental
settings. A different type of intragroup competitics considered by Cabrera et al.
(2013), where subjects are endogenously allocattslden a major and a minor league
according to their performance during the game. reMi@cently, Angelovski et al.
(2017) test a provision mechanism which utilizeskr@ompetition to mitigate free-
riding where groups compete via observable cortiohs for a larger share of the
public good. They provide evidence that rank coitipat enhances efficiency in
situations where discriminatory access to publiocdgois possible.

Our paper hopefully contributes to further exploragroup competition in the
context of a PGG, focusing on the size of a sulggeinking-dependent returns from
the public good and the role of subjects’ risktattes on their sensitivity to the

incentive scheme.

3. Theoretical framework

We analyse a PGG with intragroup competition in clhi under some
parameterizations, the dominant strategy is tocoatribute and, therefore, free-riding
is the unique Nash equilibrium (NE), which diverdemsn the Pareto efficient outcome.
Alternatively, under other parameterizations, tbeia dilemma disappears and the NE
with full contribution of individual resources isaafeto efficient.

In order to address our research questions, weeimgt a standard PGG, where
subjects are compensated with a higher individuaigmal return if their contribution
ranks them higher within their group. We consideeé different MPCR valuesr(, ay
and a,) which are endogenously assigned according teestibjranking relative to their
levels of contribution. Levelsr, ay, and a. correspond, respectively, to the individual
maximal, average and minimal value of the publiodyoeturn. In other words, the
subject with the highest contribution will receitre highest individual marginal return,
the intermediately ranked contributor will recethe intermediate return and the lowest
contribution will receive the lowest return.

Consider the resulting generalized PGG. The pagfiifidividual i in one period

is expressed as:



T =6-C+a) ¢

where g is the initial endowmentgc, is the contribution individual makes to the
common project,a, is the individual marginal return that subjeateceives from the

public good, andh is the number of subjects in the group. Figurbdws the extensive
form of a three-player PGG.
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Figure 1. Example of PGG in extensive form for n=3 where the choices are the

dominant strategies zero or full contribution

The figure shows the extensive form of the gamer dfte iterative elimination of
the first m-1 strictly dominated strategies. It is trivial tbosv that contributing any
amount strictly higher than 0 and strictly loweanre is dominated, respectively, by
contributing zero or the full endowment. This leswes with two possible choices: free
riding (i.e., contributing zero) and full coopemati(i.e., contributinge). Solving the
game by backward induction, we observe that theegarparameter dependent.

In our framework, we follow the rank order voluntarontribution mechanism.

According to this mechanism, the individual mar¢ireturn a, is determined by the

contribution rank of individual. By imposing heterogeneous MPCR and by giving the

highest return to the player who contributes mare,hypothesise that, in order to get

®> Angelovsky et al. (2017) use the same mechanism.
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the highest MPCR, the player would contribute meith respect to the condition in
which the MPCR is fixed constant for all playershin the group.

We will now analyse three possible parameterizatiai the game which
correspond to our three treatments, nam@d'H andTL, and described later in Section
4. In Table 1 we specify the values of MPCR definegach treatment. Under all three
parameterizations subjects’ initial endowment paiqal is equal to 100.

Table 1. Values of the MPCR « for each treatment

TO TH TL
an 0.6 0.9 0.75
am 0.6 0.6 0.6
oL 0.6 0.3 0.45

We report in Figure 2 the extensive form of the PG@@&der the first
parameterization, i.e = 100 anda, = a,, = a,_ = 0.6. This corresponds to the baseline

treatmentl 0.
100 100 100
{ 160 160 60
160 60 160
3<;Ji 220 120 120
60 160 160
{ 120 220 120
120 120 220
<zﬂi 180 180 180

Figure 2. Extensiveform of the PGG in TO (n=3, e=100, ay = oy = o, = 0.6)

Solving this game by backward induction we get uh&ue NE of the game in

(c,=c, =¢c; =0), that is, all players free-ride.

® In fact, most of the previous literature regardimeterogeneous returns analyse the effect of risky
uncertain returns (see, for example, Levati anddvler 2013 and Fischbacher et al., 2014). In such
experiments, returns are both heterogeneous ambumkbefore the provision, as it occurs in ourisgtt
However, returns are randomly assigned accordingrntolun)known probability distribution. In our
setting, on the opposite, subjects have a littlevgyoto influence the MPCR they get: the more they
invest, the higher the probability to get the higtheeturn. The uncertainty related to the retunnour
setting, solely depends on the others’ contributibims is why we expect that competing for a MPCR
may trigger cooperation.



In Figure 3 we report the extensive form of the gammder the second
parameterization, i.ee = 100 anda,, = 0.9, a,, = 0.6, a, = 0.3. This corresponds to

treatmentlH.

100 100
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145 145
160 150

150 160

100
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145
3<g”i 160 150 150
90
{ 150
150
{ 180

180 180

Figure 3. Extensiveform of the PGG in TH (n=3, e=100, a; = 0.9, oy = 0.6, a,. = 0.3)

This version of the game has two NE in pure stiagem (¢, =c, =c¢, = 0) and
(c, =c,=c; =100 . Moreover, the game has one NE in mixed strategiesre all
players choose to free ride with probability 0.51.

Finally, Figure 4 represents the extensive formtthed game under the third
parameterization, i.@= 100 anda,, =0.75,a,, =0.6,a, = 0.45. This corresponds to

treatmentlL.

100 100 100
{ 152.5 1525 75
152.5 75 152.5

{ 190 135 135

{ 75 152.5 152.5
135 190 135

135 135 190

<Zﬂi 180 180 180

Figure 4. Extensiveform of the PGG in TL (n=3, e=100, ay; = 0.75, ayy = 0.6, a, = 0.45)

Solving this version of the game by backward indurcive get the unique NE of the

game: (c,=¢, =c; = 0) In this treatment, this particular parameteratiof the



incentive system is interesting since it leads tmigue NE, keeping the social dilemma

nature of the game unchanged.

4. Framewor k and experimental design

4.1. The PGG with intragroup competition

We implement a repeated PGG with partner matchvig. consider heterogeneous
MPCR factors in order to generate intragroup coitipet We run a control treatment
TO in which subjects play the standard PGG and twibtiatial treatmentsTH andTL.

In the two new treatments, subjects are rankedrdigp to the size of their own

contribution. In particular, the highest contribugetsay as return from the project, the
second contributor gets, and the lowest contributor gets. Observe in Table 1 that
treatmentsTH and TL differ in the three possible values @f By design, values of

parameterx are such that iTH, the distance between the maximal, intermediate an
the minimal values is twice the valuesTih.

Ties are possible in all three treatments. Whee adcurs, the subjects involved
get the average MPCR, computed as follows. If tlaeestwo equal contributions and a
third one which is lower, the equally contributiagbjects get the average betwegn
and oy, and the other getg. In the case in which there are two equal coutigns
while there is one contribution higher than therhe ttwo players with equal
contributions get the average betwegrand oy while the higher contributor gets..
Hence, group members contributing the same amairthg same return equaldag. Our
treatments are specifically designed to answeqtlestion whether subjects contribute
more to the public good in the presence of intragroompetition Moreover, we also
test whether such an effect increases with thel le’ecompetition and whether it
depends on subjects’ risk attitudes.

By accounting for intragroup competition, our sejtiallows us to address the
following research questions:

(R1) The more a group member can individually beneditrf the final outcome if
her contribution is the highest, the more the subyeill contribute to the common
project.

This conjecture leads to our second research questi
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(R2) The level of contribution is affected by the satie of the difference in
individual returns rewarding a member’s higheragtoup rank.

We hypothesise that the higher distance betwegmd a; in treatmenfTH induces a
higher level of competition as compared to treatfiérand, as a consequence, a higher
level of contribution. Normally, investing a higlengentage in a public good can be
perceived as risky because it may imply a high m@ekloss, being this an incentive to
free-ride. By introducing a competition mechanisrartly reduces such a risk.
Theoretically, players contributing more get a @arpenefit. In a broader sense, this
could be comparable to a proportional system Iieedne proposed by Colasante and
Russo (2017) or Gunnthorsdottir and Rapoport (20@6)heir experiments it emerges
that, by taking a return proportional to the amauamested, cooperation is sustained. In
our treatmenfTH, the maximal return is 0.9, so that the money ste@ in the public
good has a similar return to private consumptiamtiiermore, the distance between the
minimal and the maximal MPCR is 0.6 (while it is30in TL). Therefore, we
hypothesise that iffiL subjects will have less incentive to invest highoants in the
public good, since the maximal and intermediate RR@lues are very close.

A total of 216 undergraduate students from the Birsitat Jaume |, Castellon
(Spain) participated in the experiment. Upon entgerthe laboratory, they were
randomly assigned to visually isolated computemtieals. The instructions were
distributed in hardcopy.The participants played the PGG for 10 rounds, féit being
common knowledge for subjects from the beginningtled session. Subjects got
carefully informed about the anonymous group foramtind matching protocol used.
No opportunity was given to subjects to communieetlin or between groups during
the session. A session lasted up to 50 minutesaserhge earnings per subject were
around 12€.

In all treatments, the decision making processsession was as followin every
round, each subject received an initial endowméniG® Experimental Currency Units
(ExCUs) and had to decideprivately and anonymouslyhRew much of this endowment
to allocate to a common project, the rest keptgbely. Once all members of the group
had submitted their decision, subjects got perfefdrmation about the last period
contribution of other players in the same groupirtliermore, subjects had information
about the exact MPCRs of the specific treatmemt.other words, participants in the

" See the instructions to experimental subjecthénAppendix.
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baseline knew that the MPCR was the same for ajests, while the ones taking part
in treatmentsTH andTL knew that the MPCR depended on the individual rdoumion
levels and, therefore, that there was competitidthimthe group. At the end of each
period, subjects received feedback about their payoff for that period.

4.2. Elicitation of risk attitudes

At the end of period 10, we elicited each subjeattiude towards risk.To do that, we
implemented théottery Panel risk elicitation tasky Sabater-Grande and Georgantzis
(2002), in which each subject chooses his/her meddottery from each panel of the

four in Figure 5.

Panel 1

Prob. 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

€ 1.00 | 1.10| 1.30 1.5C 1.70 2.1¢ 2.10 3.60 5/40 Q0,9
Choice

Panel 2

Prob. 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
€ 1.00 | 1.20| 1.50 190 2.30 3.00 4.0 5.70 9.00 19|00
Choice

Panel 3

Prob. 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
€ 1.00| 1.70| 2.50 3.6( 5.00 7.00 10.00 15/00 25.00 0@65.
Choice

Panel 4

Prob. 1 0.9 0.8 0.7 0.6 0.5 04 0.3 0.2 0.1
€ 1.00| 2.20| 3.80] 5.7( 8.30 12.00 17.50 26/70 45.0M0.00
Choice

Figure5: TheLottery Panelsrisk elicitation task

The risk elicitation task used here faces subjedts four decision problems. In
each one of them, a panel of nine binary lottegies a trivial one (leading to the certain
gain of 1€) are offered for them to choose oneedoh non trivial lottery, a positive
outcome entails a probability of earningY€ and a probabilityl-q to earn nothing.
Each lottery panel is constructed in a way suchrikkier lotteries (involving a higher

8 At the beginning of the session, the instructimese read aloud and subjects were told that imnbelglia
after period 10, they would have to answer sometipres that would also affect the final earnings.
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probability to earn nothing) have a higher expegaygbff. In fact, as shown in:

EV(L)=qY = m+ (- g)t = Y(g) = H L=t
the expected payoff is increased above the centaward of 1€ by an amount which is
proportional to the probability of the unfavoraldatcome. The four lottery panels —
that we will denote as P1 to P4) correspond toetbffit values of the risk-return
parametet, generating an increase in the lotteries’ expeetddes as one moves from
safer options (left side of the lottery panels)rigkier ones (right side of the lottery
panels) within the same panel. In particular, the panels of lotteries were constructed
usingm = 1€ in all lottery panels artd= 0.1, 1, 5 and 10, respectively for lottery panels
P1 to P4, respectively. By the definition of thekiaExpected Utility maximizers with a
higher degree of risk aversion will choose wealdyq to the discreteness and the
boundaries of the choice space) higher probabilityeries. It has been shown
elsewhere that if they have a standard CRRA utilityctions their choices will be
weakly riskier as we move from P1 to P4. Given itn@easing Expected Value of
lotteries as the winning probability is decreasesk neutral and risk loving subjects
should choose the lowest winning probability loftesith g=0.1°

Based on a large sample (N=785) which was almosilbq split between
financially rewarded and hypothetical choices (Nt48@nd N=385, respectively),
Garcia-Gallego et al. (2012) show that over 85%tadices can be explained by two
orthogonal factors. The first factor weights eguallibjects’ choices in the four lottery
panels and can be meaningfully interpreted as gstidaversion to risk, given that the
average choice in the four lottery panels indicatesubject’s unwillingness to take
risks. We will approximate this Factorl by a subgaverage choice across the four
lottery panels and we will use the term ‘risk aw@nsto refer to it. The second factor
weights negatively the choices in P1 and P2 andtipely the P3 and P4 choices.
Furthermore, the extreme lottery panels P1 andr@4vaighted equally to each other in
absolute terms and double as much as choices ianB2P3. Therefore, the second
component represents the difference in choiceseamave across the most distant and

across the intermediate lottery panels and can banmgfully interpreted as the

° For more details about this task, see Attanaal.§2018), where meaningful alternative classtfars

of subjects are used based on the (non) monotgra€ithoices as we move from P1 to P4. However,
rather than the center of focus, in the presenéiptps task is used as a mere instrument foraistude
elicitation.
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reaction of choices to different risk return paréene We will approximate this
component by Factor2 = [2(P1-P4) + (P2-P3)] andwilk refer to it with the term
‘sensitivity to risk-returns’.

Regarding the effect of these components on behavithe main experiment,
and assuming that the contribution by subjectsh&éogublic good can be seen as an
uncertain prospect, we can formulate our thirdaegequestion:

(R3) More risk averse subjects (higher score in Fagtehbuld contribute less;
subjects which are more sensitive to the risk refinigher score in Factor2) should

contribute more, the higher the dispersion of MPCRs

5. Data analysisand main results

5.1. Descriptive statistics

We ran two sessions for each treatment. Each sessiolved 36 participants. Figure 6
and Table 2 summarize our preliminary results. émparison with the baseline,
contributions are higher in the competition treattedH andTL. In line with previous
studies, the percentage of contribution in the lbasés around 50% of the endowment
in the first period, and this level slowly declina®bng time. Although contribution
levels are the highest ifH every period’, contribution in both treatment®H and TL
show an increasing pattern. Interestingly, the ésgltontribution is observed TH, the
treatment in which we induced the highest levetahpetition. As a result, we confirm
that not only intragroup competition fosters coepien but, also, the degree of
competition measured by the distance between thanmah and the minimal MPCR
levels matters tod: Observe in Table 2 that the difference in contidu across
treatments is statistically significant; the twodeil Wilcoxon rank-sum for the

comparison of average contribution at group leggats the null hypothesis.

9 The difference in contribution is statisticallgsificant (thep-value is 0.01 from a two-sided Wilcoxon
rank-sum test).

In order to disentangle the effect of competiticmm that caused by the size of MPCR differences, w
have compared these results with additional treatisnereported in a companion paper, in which
heterogeneous MPCRs were randomly assigned aéerotfitribution decision. We denote these as “risky
treatments”. We have found that the contributiorele when subjects compete for a higher MPCR are
significantly higher than those in the risky treanits. For additional details on this, see Colasahtd.
(2017).
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Figure 6: Average contribution (as% of total endowment) over time

The pattern shown in Figure 6 confirms that contjgetifosters cooperation reflected
on higher contributions at an aggregate level.

Table 2: Descriptive statistics of contribution levels

Descriptive statistics Wilcoxon test
Treatment N Group Mean Median SD Z p-value
TO 720 24 36.87 30 31.29
TH 720 24 67.92 80 34.31 -19.21 0.00
TL 720 24 55.68 60 33.70 -11.88 0.00

Note: The Wilcoxon test allows for the comparison betwehe baseline and the two competition
treatmentd’'H andTL at group level.

The descriptive statistics in Table 2 highlight thierences between the baseline
without competition and the two treatments with petition. Observe that TH is
characterised by the highest mean and median bation. One may conjecture that
such evidence may imply that every subject in tteaig has contributed with amounts
close or equal to the total endowment. Howevels thicontradicted by significant
within-treatment heterogeneity, as indicated byhilgh standard deviations. To better

understand whether subjects persistently contrilbutégh amount, we compute the
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standard deviation of the contribution in each grotn TH, where the distance between
MPCR is higher, the heterogeneity among contrilmgti@t an individual level is
exacerbated, as shown by the average standardtidev{@5.65, 19.72 and 15.70 in
treatments TO, TH and TL, respectively). In order to analyse whether such
heterogeneity is due to the existence of multiple d¢tharacterising treatmefiiH —to
invest either O or the whole endowment— we haveaetdd the share of subjects per
treatment that behaved as free-rider (contribugir@) or full contributor (contributing
¢i=100) in each period.

In Figure 7 we represent in solid blue line thendref the percentage of free-
riders per period in each treatment, while the ddshed line describes the time
evolution of the percentage of full contributorseach treatment. Observe that in the
baselineTO, the percentage of free-riders per period drasyidacreases along time

leading to a reduction in the average contribution.

TO TH TL
w
,/
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Figure 7. Share of subjects contributing either 0 or 100 in each period. Blue dots represent
the share of free-riders and the bluelineisthelinear fit of it. Red dotsrepresent the share
of full contributorsand thered dashed lineisthelinear fit of that share.

In TL the competition mechanism only boosts the pergentd full contributors
along time. Related t®6H, a substantial increase in the percentage of @ultrdoutors is
detected, reaching 50%. In this treatment we olesémat competition sustains high

contribution levels, but also the percentage oé-fiders marginally increases. An
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explanation for the increasing gap between the mmahiand maximal levels of
contribution registered iMH over time may be found in that subjects play on¢hef
two NE in pure strategies possible. On one hamdfimd subjects that prefer to reach
the highest payoff by maximising the private invesit, therefore contributing nothing.
On the other hand, there are subjects maximisidiyiolual payoff by trying to get the
maximum MPCR choosing full contribution to the pabdood. To test whether our
conjecture is sustainable, we have identified wiretiompetition affects the probability
of playing not to contribute at all or choosingudl €ontribution.

In a competitive environment, making a decision lisgp taking into account
others’ decisions. Furthermore, the individual dexi to contribute is strongly affected
by the MPCR received in the previous period. Foanegle, subjects receiving the
minimal MPCR in the previous period may be encoedatp free-ride in order to
maximise private earnings in the current periode Nypothesize that the probability to
be either a free-rideP{(c;=0|X)) or a full contributor Pr(c;=100|X)) may be described
by the following formula:

Pr(ci=0|X) = Const +5, ranki.; + 1 otherg.; + TH+ TL + ¢ (1)
Pr(ci=100|X) = Const +f, ranki.; + p; otherg.; + TH+ TL + ¢ (2)

where ranki; denotes is the lagged ranking assigned to eacjectulccording to
his/her level of contribution (i.e., the subjectttwithe highest contribution receives
rank=1 which corresponds to a MPCR of 0.9 in treatmignitand of 0.75 inTL). The
variableothers.; represents the lagged value of the aggregate batiom of all other
subjects in the same group. Finall{j andTL are treatment dummies.

As displayed in Table 3, being a participant inatneent TH (treatmentTL)
significantly increases (decreases) the probabititype a full contributor (free-rider).
Notice that, far from expected, the reduction ia gnobability to free-ride is smaller in
treatmenfTH —where competition is stronger— thanTib. Such an evidence constitutes
a first support to our conjecture about the existeaf multiple NE inTH. The main
difference between results in models (1) and (2)ale 3 is found in the role played
by the variableaank.1, that is significant only for the probability oeboming a free-
rider. In an indirect way, the MPCR received ire threvious period becomes
significant. On the contrary, the ranking in thee\pous period does not affect the

willingness to choose full contribution.
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Table 3.

Panel probit regression models

@)

(2)

Pr(c=0]X) Pr(c=100|X)
ranki., 0.16** -0.07
(0.07) (0.05)
others.; -0.01*** 0.02***
(0.00) (0.00)
TH -0.89*** 1.66***
(0.32) (0.39)
TL -1.68*** 0.821**
(0.36) (0.391)
Constant -1.05%** -4 Q5***
(0.28) (0.44)
Observations 1,944 1,944
Number of subjects 216 216

Standard errors in parentheses
*** p<0.01, ** p<0.05, *p<0.1

Others’ contribution, on aggregate, has an effediath dependent variables, although
the impact is stronger on the probability of playfall contribution.

To wrap up, the competition mechanism turns ouie@n effective tool not only
for increasing but also for sustaining full conttion within the group. However, the
allocation of heterogeneous MPCRs according tarttiridual contribution leads to a
controversial effect: there is a proportion of &g who prefer not to take part in the
competition but simply taking advantage by freeagd This happens mostly in
treatmenflH, where both free-riding and full cooperation afe. N

5.2. Deter minants of the contribution level

So far, we have shown that the existence of comnpetwithin subjects of the same

group triggers cooperation. To better understandtvere the main determinants of
individual contributions, and to check whether rigkeferences play a role in the
investment decision, we run a mixed panel regressidée consider as a dependent
variable the individual contribution, and obsergas are clustered at group level. The
main explanatory variables that may have an effadthe individual contributions are:

treatment dummies fofFH and TL, andranky.1, the individual (lagged) rank, assigned
according to the subject’s contribution. Furtherejothe variable Factarls the
average value of subjecthoices in the four lottery panels, that is, (P2+P3+P4)/4.

This factor is a proxy of the individual risk avers, that is, the higher its value the
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more risk averse the subject'fs.Factor is computed as [2*(P1-P4) + (P2-P3)], and
measures subjecs willingness to vary his/her choices as we mawartf lottery panel
P1 to P4. It can be interpreted as the reactiorchaiices to different risk return
parameters and we will refer to it as sensitivity risk-returns. In order to verify
whether there are significant differences amongttnents, we add to our model the
interaction of the aforementioned variables with tteatment dummies. Results of the

model as well as of the nested models are showalite 4.

Table 4. Linear mixed panel regression modelswith individual contribution asthe
dependent variable

1)

)

(©)

4)

TH 33.48*** 72.01%** 71.52%* 87.93***
(6.93) (7.14) (7.21) (5.31)
TL 21.16%*** 45.61*** 44.,93*** 44 22%**
(6.93) (7.10) (7.17) (5.37)
rank . -3.087*** -0.39 -0.28 -0.08
(0.44) (0.39) (0.41) (0.66)
rank;1*TH -12.84%** -13.03*** -13.49***
(0.59) (0.60) (1.00)
rank; 1*TL -8.15%** -8.15%** -7.01%*
(0.52) (0.55) (0.87)
Factor]l 1.72 7.21
(2.43) (5.26)
Factor2 2.53* -8.24**
(1.30) (3.27)
Factor]*TH -15.37**
(7.39)
Factor]*TL 6.66
(8.38)
Factor2*TH 13.98**
(5.39)
Factor]*TL 2.64
(4.89)
Constant 46.10%** 38.02** 37.20*** 25,14+
(5.07) (5.03) (5.23) (3.64)
Observations 1,944 1,944 1,944 1,944
Number of groups 72 72 72 72
Wald Y’=73.32%** YP=792.61%*  4?= 740.27**  4°= 693.63***

Observations are clustered at group level
Standard errors in parentheses
*** p<0.01, ** p<0.05, *p<0.1

12 Individual risk preferences were elicited straiglfter the experiment. In order to check whether th
experiment may have influenced risk attitudes, wea propensity score matching test comparing tesul
in terms of Factorl. For the test we have usede@perimental data and other sample in which tHe ris
task was performed before the experiment. As altrese have found no significant differences. The
additional data sample and the results of theatiesavailable from the authors upon request.

18



The positive and significant coefficients relatite the treatment dummies
confirm that individual contribution is higher wheompetition is introduced, as shown
in Figure 6. This result is robust to all the sfieations considered. The coefficient
relative to the rank (i.eanky.1), is negativ&® and significant in model (1) of this table.
In the model specifications (2) to (4), the effect contribution is captured by the
interacted variablerank with the treatment dummies: the impact of past RPC
indirectly measured by the variable, is strongetréatmentTH. This suggests that, in
general, competition generates a virtuous ciraetributing more results in the highest
MPCR and, as a result, the subject is willing tatabute more in order to maintain the
same benefit.

Concerning risk aversion, observe that Fag¢térds no significant impact on
individual contribution levels, whereas the semgiito risk-returns positively affects
the willingness to contribute. In other words, there a subject makes riskier choices
when faced with higher returns to riskier optiottsg more the subject is likely to
contribute in absolute terms. When introducing ititeraction between risk aversion
measures and the treatment dummies (see modeh @heitable), interesting second
order effects emerge. Factptlirns out to be significant when interacted witle TH
dummy, which means that, in a context with highartainty about the MPCR, risk
averse subjects are less willing to contribute.&Reéigg the sensitivity to risky returns
(measured by Factq)2 observe in model (3) that the higher the projens take
higher risks as we move from panel P1 to P4, thlkdrithe propensity to take the risk
of contributing more. In model (4), the interactioh Factor? with the treatment
dummy variable TH is positive and significant. Specifically, the et of the
corresponding interaction coefficient indicatesttlaa subject's sensitivity to risky
returns becomes more significant in explaining dbations as we move fromo0 to
TH.

As a result, the estimates of the econometric nsodel Table 4 answer the
research questions. In fact, bdthl and TL dummy coefficients are significant at 1%,
indicating that the presence of intragroup comiaetifor a higher individual return of
the public good increases individual contributiomgomparison to the levels observed

in the baseline where returns are not linked taocaig member’s relative contribution

'3 Notice that a value of 1 for variablank is assigned to the subject with the highest cbation. This
means that the higher the contribution the lowenthiue of theank variable.
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(R1). Moreover, the size of the aforementioned dynwwefficients indicates that the
effect of competition for a higher individual retuis sensitive to the magnitude of the
difference between individual return factors (R)erefore, competition matters more
the higher is thex postasymmetry in individual returns induced by thatiek ranking
of individual contributions. The sensitivity to theagnitude of thex postasymmetry is
especially interesting when such individual retdifierences are used as an incentive
for the members of the group to increase their rdautions. Our results show that
increasing thex postasymmetry is an efficient instrument leading tbemtively better
outcomes.

Taking into account subjects’ risk preferencespssible explanation for our main
results may be that the effect of competition fdrigher in-group rank is risk attitude-
related, and is driven by subjects’ heterogene@ggess of sensitivity to variations in
the return to risk, as suggested by our third rebequestion (R3).

6. Conclusions

The purpose of this paper has been to investigdtether intragroup competition
enhances subjects’ contributions to a public gdodorder to test the impact of
intragroup competition on the level of cooperatiave, have revisited the standard PGG
(TO) and add two new treatmeni&H, TL) in which three different values of the MPCR
are assigned to group members so that subjectaried according to the size of their
own contribution to the public good. The two treatitsTH andTL include competition
within a group and differ only in the “degree ohgpetition”. In particular, in treatment
TH the distance between the minimal and the maxirakles of the MPCR is equal to
0.6, exactly twice the difference in treatméit

Our results confirm our three research questiomecifically, the more each
group member can individually benefit from the fimatcome, the more the subject
contributes to the common project. Furthermore,itidévidual level of contribution is
affected by the salience of differences among iddai returns according to the
member’s intragroup ranking, thus resulting in @nsgicantly higher level of
contributions in treatmenitH.

Finally, we have shown that our results are relatethe subject’'s proneness to

take higher risks when motivated by higher retumssk. We have elicited individual
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risk preferences through the Lottery Panels riskitation task by Sabater and
Georgantzis (2002). We have computed what we eaildfl, the average choices in the
four panels; and Factor2 which is the sensitivatyisky-returns. We find out that more
risk averse subjects contribute less, and subjebts are more sensitive to the risk
return contribute more the higher the dispersioMBICRs.

Our experimental results contribute to the undeditay of how mechanisms in
which returns from the public good are commensuvath the amount of resources

individually invested result in higher contributeoand sustainability of resources.
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Appendix. Experimental instructions (translated from the original in Spanish)

Treatment TO (Baseline)

Thank you very much for being here. The instructions are identical to all
participants. Read them carefully. If you have any questions or concerns, please raise
your hand and we will answer your questions individually. During the session, it is
strictly forbidden to communicate with the other participants.

The unit of experimental money will be the ExCU (Experimental Currency
Unit), where 100 ECU = €10. At the end of the session one of your decisions will be
randomly chosen. Note that all choices are equally likely. The experimental payoff
corresponding to the selected decision will be calculated, converted to Euros, and

paid to you (privately) in cash.

The Experiment
The experiment consists of 10 independent periods in which you will interact with 2
other participants in the session. The 3 of you form a group that will remain THE
SAME in all periods. The identity of the participants of your group will not be
revealed to you at all during the session.

At the beginning of each period, each participant receives an endowment of 100

ECU. In any period, each member of a group has to take a decision.

Every period, you have to decide how much of your endowment you want to
contribute to a common project. Your contribution decision must be not smaller
than 0 ECU and not greater than 100 ECU. Furthermore, it must be an integer
number. Whatever you do not contribute, you keep it for yourself (“ECU you
keep”).

In every period, your earnings consist of two parts:

(1) the “ECU you keep”= [100 — your contribution] ECU;

(2) the “income from the project”.

25



The “income from the project” is calculated by adding up the contributions of the 3
members of your group and multiplying the resulting sum by a number that we call
a. That is:
Income from the project = [Your contribution + Your partners’ contribution] x a

The multiplier ais equal to 0.6. /7TH: The multiplier & can be either 0.9 or 0.6 or
0.3, where each value is equally likely./[TL: The multiplier & can be either 0.75 or
0.6 or 0.45, where each value is equally likely. /.
You have to decide about your contribution without knowing the value of a.

The income from the project is determined in the same way for every member of
a group; this means that you all receive the same income from the project, regardless
of the size of your individual contributions.
[TH: The income from the project is determined as follows: members in the group
will be ranked in accordance to the size of their individual contributions. The
highest contributor gets 0=0.9 /TL:a=0.75] as return from the project; the second
contributor get®=0.6 and the lowest contributor geis0.3 /TL: a=0.45] . If more than
one member makes the same contribution (that &y, #ine equally ranked), the return
per capita will be calculated as follows:

« If all three members make the same contributiooh eaceives
a=(0.9+06+0.3)/3=0.6 /TL: a=(0.75+0.6+0.45)/3=0.6] ;

* If two members make the highest contribution (theth are ranked as first),
they both receivel = (0.9 + 0.6)/2=0.75 /TL: a=(0.75+0.6)/2=0.675] while the
third member receives=0.3 /TL: a=0.45];

» If two members make the lowest contribution (theyyr@anked as third), they
receivea=(0.6 + 0.3)/2=0.45 /TL: a=(0.6+0.45)/2=0.525] and the first
contributor receivea=0.9 /TL: 0=0.79]] .

EXAMPLE: If the sum of the contributions of the three members is 60 ECU, each

member receives an income from the project equal to (0.6 x 60) = 36 ECU.
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[Treatment H:EXAMPLE: If the sum of the contributions of the three members is 60
ECU, the contributor ranked as first receives an income from the project of (0.9 x
60) = 54 ECU /TL: (0.75 x 60) = 45 ECU/, the second receives (0.6 x 60) = 36 ECU
and the third (0.3 x 60) = 18 ECU /TL: (0.45 x 60) =27 ECU /. However, for instance:

» If all the members are equally ranked they receive (0.6 x 60) = 36 ECU per
capita;

* If two members are ranked as first, they both receive [(0.9 + 0.6)/2 x 60] = 45
ECU /TL: [(0.75 + 0.6)/2 x 60] = 0.67 x 60= 40.2 ECU/ per capita; the third
receives (0.3 x 60) = 18 ECU [TL:(0.45 x 60) = 27 ECU /;

* If two members are ranked as third, they both receive [(0.6 + 0.3)/2 x 60] = 27
ECU /TL: (0.6+ 0.45)/2 x 60 = 0.525 x 60 = 31.5 ECU/ per capita; the highest
receives (0.9 x 60) =54 ECU [TL: (0.75 x 60) = 45 ECU/.

At the end of each period you will receive information about the contribution of
your partners and your corresponding period-earnings in that period.

Before the experiment starts, you will have to answer some control questions to
verify your understanding of the rules of the experiment.

Please remain seated quietly until the experiment starts. If you have any

question, please raise your hand.
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