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Does Contributing Sequentially Increasethe Level of Cooperation in Public
Goods Games? An Experimental | nvestigation

By
David Masclet and Marc Willinger,

November 2005

Abstract

We run a series of experiments in which subjectse lia choose their level of contribution to a pure
public good. Our design differs from the standautblic good game with respect to the decision prooed
Instead of deciding simultaneously in each roundbjects are randomly ordered in a sequence whiféergli
from round to round. We compare sessions in whidfjests can observe the exact contributions frortieea
decisions ("Sequential treatment with Informatiot@’sessions in which subjects decide sequentiaitycannot
observe earlier contributions ("Sequential treatmaithout information"). Furthermore, we investigathe
effect of group size on aggregate contributionst @gult indicate that contributing sequentiallgreases the
level of contribution to the public good when sultgeare informed about the contribution levelsosfér ranked
subjects. Moreover, we observe that earlier playethe sequence try to influence positively thatdbutions
of subsequent decision makers in the sequence akinga large contribution. Such behaviour is rmattd by
the belief that subsequent players will reciprodgt@lso making a large contribution.



1. Introduction

In many situations agents’ efforts to provide pulgoods are made sequentially. It is rare thaagehts
have to decide upon their level of contribution @it@neously. Sequentiality allows later contribatar observe
earlier contributions, and condition their conttibn on those observations. The Telethon is probttd best-
known example. During some time range the amouniboftions collected is on permanent display orufaop
medias, like television channels. At each pointiine potential contributors are informed about clated
donations since the beginning of the Telethon.Hewmore, information about specific individual aéimitions
is provided from time to time. There are other egla®m where later contributors are informed aboutdated
contributions of early donors, such as church domtions, contributions to public foundations oradties,
countries’ efforts to reduce greenhouse gas enmissiefforts to preserve natural areas, donationfiéping
populations suffering from natural catastrophes)n.contrast to the situation where contributionsehto be
made simultaneously, sequentiality is likely toeaffpositively individual contributions. The reaserthat the
provision of public information to followers abowirevious contributions can increase their contrdmgt
through aleadership effectThis may happen when early contributors makeelargntributions to lead by
example. While several field studies support tdisai (Silvermann et al., 1984, List & Lucking-Rile3002,
Shang & Croson, 2003), they fail to isolate prdgiske effect of available public information orettevel of
contributions. Furthermore, the effect may dependtle type and quantity of information that becomes
available. For example, contributors could onlyeslge the cumulative contributions of previous citmttors, or
their individual contributions. The size of the ptgtion of potential contributors might also afféaoe leadership
effect, since with a larger population (or longegsence), more individuals are likely to be infloe

Most experimental research on voluntary contrimgido public goods, has focused on simultaneous
contribution environments. In the standard voluntaontribution experiment, subjects cannot obsdahe
contributions of the other members of their groujpthiw a round. Individual contributions are themefo
determined by the beliefs about all the other pslyeontributions. In contrast, when contributicea® made
sequentially, later players in the sequence obstrwecontributions of the earlier players, andddsliconcern
only the contributions of the remaining playersic®i this is commonly known to all the players fieets their
contribution whatever their position in the game, spite of the asymmetric information structuret tisa
generated by the game. In the Telethon exampleatdmusually know the cumulative donations of fmes
contributors. Later contributors who are bettepinfed, are affected by the observation of earltrdmrtions,
and early contributors are aware of their influengmn them. One reason for the influence of obskrve
contributions is reciprocity. Agents who decideetatand observe high levels of contribution might be

encouraged to make a larger contribution than theyld have done otherwise. On the other hand, € th



observe low contributions they might also lowerithexpressed contribution compared to their intehde
contribution. Another reason is that agents whaddeearlier and who expect that later decision msaill be
influenced by the observed contributions, can lbepted to try to encourage them by deciding to nmeakegh
contribution. This is the so-called "leadershipeeff or "leading-by-example" effect, which has been
investigated in previous experimental research bifePs et al. (2003) in the case of a public good by
Moxnes & van der Heijden (2000) in the case of bliptbad. Potters et al. (2003) showed that contidins are
larger in a (two-player) sequential move game finaa simultaneous move game, when the value optitéic
good is private knowledge. In the sequential cbotion game, subjects came closer to the optimwel lef
contribution. In Moxnes and van der Heijden (2000blic bad experiment, one subject is called uporach
period to act as a leader, i.e. his contributioomide public before the other members of the grbegide
simultaneously. Their results show that subjectesh15% less in the public bad when there is deleaho sets
the “good example” compared to the simultaneousengame. Empirical studies also showed the impogtafhc
the leadership-effect in various contexts (List &cking-Reiley, 2002, Shang & Croson, 2003). Experital
and empirical studies suggest therefore that dmrtidns are influenced by the informational coniexuced by

sequentiality, although the standard predictiainags there should be no effect.

There is however a question whether the observiattefare due to the information generated by
sequential moves or by sequentiality as such, @vea information is provided to subsequent playiershe
decision making sequence. According to standardegaeory, a change in the timing of moves has fexebn
the agents’ choice of actions, as long as the dahdngthe order of moves does not reveal any further
information. In other words, if agents’ actions ameobservable, a game in which moves are sequdatial
strategically equivalent to a game in which moves simultaneous. In contrast to the standard ptiedica
series of papers by Rapoport and colleagues (Rapepal., 1993, Budescu et al., 1995, Suleimaal.et1996,
Rapoport, 1997) exhibit a pure positional effeccemmon pool resource dilemma games. They showetd th
there is a first mover advantage, in that the fiostlecide has a tendency to take a larger parth&unore, for
later decision-makers in the sequence, there énadency to take less, even in a situation withniorimation
asymmetries (request disclosure). Cooper et ab3)lalso found a first mover advantage in battlesafes
games. When the game is played sequentially witbosérvability, the equilibrium which is most favable to
the first mover is played more frequentlyn a recent study, Weber and Camerer, (2004) steoved that

simply changing the timing of moves affects sulgebehavior in an ultimatum bargaining game and imeak

Y In the two players battle-of-sexes game, identiybne of the players as the “first player” and oieer as the “second
player” resulted in a significant increase of thegfiency of the preferred equilibrium outcome by finst player (see
Cooper et al., 1993). In this example, the timiffga can be attributed to a first mover advantagenore generally to a
positional advantage (Budescu et al., 1995). Tineesgype of explanation applies to the case of p-leeel public goods
game or resource dilemma game. In each of thesegaimere are multiple equilibria in pure strategge situation which
leads to a coordination problem.



link coordination game even if the same informatset is used when moves are sequential or simoltsne\
theoretical justification of such observed diffexea might be found in the idea of “virtual obseiligt
introduced by Amershi et al. (1989). In the ligiitthe literature on timing of moves effects, itinsportant to
separate carefully the leadership effect from amyuced effect of the sequentiality of decisforifo our
knowledge, all the experiments which studied oafaslay, with the exception of Giith et al. (1998)olved a
coordination problem. Common pool resource gamessé@p-level public goods games both admit multiple
Nash equilibria simply by permutating players. lonttast, our experimental game has a unique dorhinan
strategy equilibrium for the one-shot game corragpg to the null contribution. According to Githa.’s
(1988) we should not observe a higher frequencgesfations from equilibrium play in the positionaider

protocol than in the simultaneous play game.

In this paper we report the results of a publicdyeaperiment in which we try to dissociate the pure
effect of sequentiality which was documented by yn@xperiments, from the leadership effect. We desiigan
experiment in which subjects contribute sequentiallith two information conditions : a sequentiange
without information and a sequential game with infation. In the treatment without information, ividiuals
decide sequentially but cannot observe earlierritaritons. In the treatment with information, sutigobserve
the contributions of subjects who decided earliethe sequence. The reference treatment is a sinedts
public good game (no sequential move and no inftoma Since the leadership effect might dependhen
length of the sequence, we consider two differeqputation sizes. We expect that early contributioright be
larger in larger populations. Since we expect #edérship effect to vanish within a sequence, wailgh
observe significant differences in contributiongading to the rank of the subjects in the decisiequence,
whatever the population size. Our data clearlydat that sequentiality alone has no effect onritmritons

whereas the observation of previous contributidiswer ranked subjects increases the level of rdmumion to

2 Coordination problems might be solved by generatiome kind of asymmetry in the game, as suggested b
Schelling (1960). An asymmetry in the game can déreegated by simply labelling subjects accordingriority of moves
(first mover, second mover, ...), so that some coatidns of actions become more salient than otheidead therefore to
equilibrium selection. Another way to solve the hpation problem is by “manipulating the Nash digbaium” as
proposed by Amershi et al., (1989). The underlyiohen is that altering the game from simultaneousendo positional
order generates “virtual observability”. Playere #rerefore likely to behave in the same way umderobservability than
they would behave under observability as is the ¢asa standard sequential game. By relying on dodwinduction, a
subgame perfect solution is thereby induced instdatie original Nash equilibrium. In simultaneom®ves games with
multiple Nash equilibria, the coordination probl@rauld be (partly) solved by applying subgame peibecto a game with
virtual observability, i.e. “players expect firstoners to choose strategies as if subsequent plapserve them perfectly
and respond optimally” ‘Weber and Camerer, 2004)e Tidea is that subgame perfection combined wittuaf
observability is used as a coordination devicedgating one of the Nash equilibria of the simuitams moves garfieThis
idea is supported by Guth et al. (1998). On thasbaka two-player game, they showed that wherualrobservability
predicts a departure from equilibrium play (of 8imultaneous moves game), by the first mover, stbjactually choose
the various strategy combinations in the positiarekr protocol with the same frequencies thamésimultaneous moves
game. Furthermore, they show that a deviation fegmilibrium play becomes more likely when the assted outcome if
more fair.



the public good. We also observe a decline of dvellof contribution with the rank of the contributwhen
information is available to the subjects. Finallye find that the length of the sequence has a ivegatpact on

the level of contributions.

The paper is organized as follows. Section 2 ptesthe experimental design and section 3 provides

the results of our study. In section 4 we dischesrésults and conclude.
2. Experimental design

The experiment consisted of 16 sessions of 15 geiach. Experimental sessions were conducted both
at the University of Renngsind at the university of Montpellfein France. 252 subjects were recruited from
undergraduate classes in business and econonticghasites. None of the subjects had previoushigieated
in a public good experiment and none of them piaated in more than one session. The experiment was
computerized using the Ztree program. On averagesaion lasted about an hour and 20 miRutesuding

initial instruction and payment of subjects.

We set up an experimental design that allows usviestigate the effect of information accumulatan
individual contributions in a sequential contriloutienvironment. The reference treatment is a samatius
voluntary contribution game. At the beginning otleaeriod, each member of a group of subjects dowad
with 10 tokens that he can invest in a private antand in a group account . Lebe the contribution of player
i to the group account and the aggregate contribution of all other playeexeept i — to the group account.
u(c, ¢ is player i's payoff if he contributes &nd the other players contribute We assume that each account
has a constant marginal return, which we set etual for the private account and 0.5 for the gragpount
(equation (1)). Note that with our assumptions rerginal per capita return is also equal to 0.% Thique
dominant strategy equilibrium of the one-shot gasrfer each player to contribute=< 0. The constituent game
was repeated exactly 15 periods. The unique subgmerfect equilibrium for the repeated game is facte
player to contribute;c 0 each period. On the other hand, the grouprati is achieved if each player chooses

to contribute the total endowment.

N
u(c,c;)=10-¢ +05% ) ¢, 1) (
k=1

3 CREM (Centre de recherche en Economie et Manag@me
* LAMETA (Laboratoire de Recherche en Economie Thga et Appliquée)
® The sequential treatments took slightly more timkrge groups.
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In the reference treatment all subjects simultasigoselect the amount of their endowment that they
want to contribute to the group account. Subje@sevinstructed to indicate only their contributionthe group
account, the remainder of their endowment beingraatically invested in their private account. Taken

invested in the group account generate the sanafdfay each member of the group.

Since we shall focus on the effects of differentidbrmation on individual contributions, we idéti
our treatments by the information available for subjects. In the benchmark treatment, callichliitaneous
treatment" subjects take their decisions simultasko and therefore none of the players has anrnrdtional
advantage. In a second treatment calktjuential treatment without informatiodlecisions are taken
sequentially. This is done by assigning in the beigig of each round each subject to a rank in #w@sibn
sequence. In this treatment, subjects know to whiatk they are assigned but none of the subjectahas
informational advantage. Indeed subjects are nfmirrimed about the individual contributions of eachvér
ranked subject. Finally, the third treatment isniit&l to the previous treatment except that eadjest is
informed about the individual contributions of edolwver ranked subject. The least informed subjscthie
subject who is ranked first in the sequence whetteamost informed subject is the one who is ran&stlin the

sequence.

Therefore, the difference in contributions betwé®m benchmark and the sequential treatment without
information measure the pure effect of sequentiait contributions. We hypothesize, based on tkalt® of
Budescu et al., 1995 and Weber and Camerer, 2684,stimply knowing that one player moves first migh
affect contributions. Indeed, Weber and Camerddp42 have shown that a change of the timing of move
affects behavior in the ultimatum bargaining ganmne ¢he weak link coordination game even if the same
information set is used when moves are sequentisinultaneous. The difference in contributionsaeetn the
sequential treatments with and without informai®interpreted as the effect of the informationrasyetry. We
hypothesize that the effect of information on cimitions is positive. Finally, the difference betmethe
sequential treatment with information and the Bematk treatment measures the effects of both seiglignt

and information asymmetry.

While the information condition is our main treatmeariable, we also study the impact of group size
on the level of contribution in the sequential cidmttion environment. We compare treatments witubjects,
called small groupshereafter, to treatments with 8 subjects (callde group3. Increasing the group size
lengthens the sequence and therefore might hawesitive or negative influence on individual contrfions. As
the size of the contribution to the group accoumctéases, the temptation to free ride in order aema large

payoff rises. This implies that the higher rankedbjects are likely to free ride more. This wouldpiyn a



negative effect of group size on the average dmutinn. On the other hand, if subjects reciproczadier
contributions in the sequence, the average cotiwitei might become larger in larger groups. Furtieee,
there might be a stronger leadership effect siramdy eplayers can influence more subsequent players.
particular the fourth player still has an influerinelarge groups in contrast to small groups. Ihé obvious
therefore what the effect of increasing the sizehef group will be. The same presentation was tisedll
treatmentd At the end of each period, the computer scresplayed the subject’s investment decision, thd tota
group contribution and the earnings of the grouppant as well as the total earnings. Cumulatedirgsrsince
the beginning of the game, as well as the numbéneoperiod were also on display. After each persndbjects
could see their detailed records since the beginninthe experiment. Table 1 provides a summarypuwof
experimental design. The first four columns indicétte session number, the corresponding treatntest,
number of groups and the number of subjects thokt part in the session. The last column indicatesgroup

size (4 or 8 members per group). A partner matcpiogpcol was in effect for all sessions.

[Table 1: About Here]

3. Reaults

This section is organized as follows. Subsectidh reéports patterns in average contributions in the
benchmark and the sequential treatments with atttbuti information. We analyze the treatments iatieh to
each other and to the benchmark treatment, andateathe hypotheses stated in section two. In 8tibas 3.2
we study the determinants of the contribution baraseparately for each treatment.

3.1. Averageindividual contribution

Figure 1 and figure 2 illustrate the time pathrafividual contributions by period respectively fmall
and large groups. The period number is shown omdhizontal axis and the average individual conititn on
the vertical axis, where the maximum possible iitial contribution is 10. These figures show thmeaattern

®To control for the existence of a possible "fragneffect”, we ran two sessions with a variant @ teference treatment,
labeled " simultaneous treatment with framing".sTbontrol was required because the sequentialoreddithe contribution
game required a slight alteration of the usual gmtstion of the instructions. For this variant theestment in the group
account is presented as an explicit addition oividdal contributions which matches the presentatttat was used for the
sequential contribution treatments. The instrutipointed out that each subject's contributionldvine identified by an
index, e.g. subject i's contribution is notedahd that the payoff of the group account wouldjiven by 0.%(I;+1,+...+1y).
This point was described to the subjects in thiefahg language :

"l is member 1's investment to the collective actoun

I, is member 2's investment to the collective actoun

I5 is member 3's investment to the collective actoun

This presentation, by making explicit the summatimiindividual contributions, could have influencéde subjects
decisions in a non predictable way. However, trsailte indicate no significant difference at anyelesf significance in
average contribution between the simultaneousnrests with and without framing.



for all treatments : there is initially a positivevel of contribution to the group account and teeel of
contribution declines with repetition (except ftietsequential treatment with information in largeups, in
which the average contribution level does not cleaaggpreciably as the game is repeated). This rissintline
with several other experiments that have documethizidthe contributions tend to decline with refpati (Isaac
et al.1984, Isaac and Walker, 1988, Andredri88, Weimann, 1994, Keser, 1996).

[Figures 1, 2 and table 2 about here]

Result 1 summarizes our findings both about thermétional effect and the order effects.

Result 1 : Levels of contribution are higher under the seqiamteatment with information than under
the sequential treatment without information. Sedjadéity without observability has no significanhpact on
the level of average contribution.

Support for result 1 : Table 2 shows the average contribution for eachtrtrent. The first three
columns of table 2 indicate the average individuaitribution for each small group. The last threkumns
contain the same data for each large group. Cosgrardf treatments suggests that sequentiality with
information positively and significantly affectserage contribution. Our results indicate that,foth small and
large groups, average contribution levels in thgueatial treatment with information are higher than
contribution levels in the sequential treatmenthaitt information. A nonparametric Mann-Whitney rasikn
test for small groups shows that the difference in agercontributions between the sequential treatrmeitis
and without information is significant at tpe< .10 level, (z = -1.678, two-tailed). A similast of the difference
between the sequential treatments with and witliformation for large groups also indicate a pesitand

significant effect of information (z = 2.082; twailed test).

In order to isolate the pure effect of sequentialite comparghe average level of contribution in the
simultaneoudreatment and in theequentialtreatmentwithout information Our results indicate that for both
small and large groups changing the timing of mowéthout changing the information condition has no
significant effect on contributions (respectively z 0.145 for small groups and z = 1.601 for laggeups). The
comparison between thgmultaneoudreatment and theequential treatment with informatidndicate that
introducing both sequentiality and observabilitypoévious contributions in the sequence incredsesverage
contribution level in small groups (z = - 1.843)sinilar test for large groups indicates however significant

difference between the two treatments (z = - 1tdd; tailed test). The insignificant difference betm the

" In all statistical tests reported in this paplee, tinit of observation is the group.
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baseline treatment and the sequential treatmeht mfibrmation for the case of large groups suggtsis the
positive effect of information is partly offset ltlge negative effect induced by sequentiality aldheugh this
effect is not significant. Finally, Mann-Whitneysts of the difference of contribution between eretment
according to group size indicate no significanteeffof the size. A Mann-Whitney test of the diffeces
between the simultaneous treatment with size 4landimultaneous treatment with size 8 yields aigiificant
z = 0.307. Similar results are obtained for thgugatial treatment without information (z = - 1.488vo-tailed)

and for the sequential treatment with informatinr=(- 0.480; two tailed).

Table 3 provides formal evidence about sequentialiid information effects. The dependent variable i
the amount of tokens contributed in tfeperiod. The independent variables are subjeageth contribution,
the lagged average contribution of the other membéithe group and several dummy variables inclydire
variable "information" to control for a pure infoation effect and the variable "order" to isolatpaential
sequential effect. The variable "information” takedue 1 if subjects are informed about previoustriioutions
in the sequence and 0 otherwise. Finally, the fatgia Sequentialityxinformation” takes value 1hiéttreatment
introduces both sequentiality and information armth®rwise. In addition we also introduced a counégiable

beginning with value 1 in the T%eriod and value 0 in the preceding periods.
[Tables 3 about here]

The estimates summarized in table 3 confirm oavipus findings. The specifications of the second a
third columns reveal that individuals increasertleeintribution when they are informed about thetdbations
of each lower ranked subject. Table 3 also indicateat for both small and large groups, the coeffic
associated with "order alone" is not significartiisTresult suggests that the pure ordering effees chot emerge
in games that admit a unique equilibrium. Indeéd, ardering effect was essentially observed sinfgames
with multiple equilibria (e.g. step-level public gids games) raising thereby a coordination problemora
subjects. If the ordering effect requires subjéxtdeviate from the unique equilibrium, it is |déig=ly to emerge
(see Gith et al. , 1998). Finally, table 3 alsoidats that the coefficients of the variables "oprevious
contribution" and "others average contribution hie previous period" are positive and highly siguifit. The

interpretation of the latter results will be presehin the following sub-section

3.2. Determinants of contribution

We turn now to another central question of our expent ;. how do sequentiality and information about
other's contributions affect contributions ? Ouswvaer to that question is stated in Result 2 andilR8sResult 2

summarizes our findings about the relationship betwthe information, either sent or received, &edavel of



individual contributions. Our conjecture is thatogcts are influenced both by their information atbthe
individual contributions of the lower ranked sultge@and by the information they “send” to higher kedh
subjects trough their own contribution. In result@ present the effect of the rank in the grouphenindividual

contribution level.

Results 2 :For the simultaneous treatment and the sequengakment without observability, the period
t individual level of contribution is higher (a) éhmore he contributed in period t-1. and (b) therenother
members of the group contributed in period t-1. Foe sequential treatment with information, theipert
individual level of contribution is higher (a) tlmore he contributed in period t-1, and (b) the emorembers in

lower ranks contributed in period t.

Support for result 2 : Table 4 contains the estimates of regression m@efor the simultaneous
treatment and the sequential treatment withoutinédion:

¢, =A+A(c)+A(T) 2)(
For the sequential treatment with information weneste equation (3):
C =B +B(C)+ BT )+ B ¢ ) + B position @3)

The independent variables are subject's laggedilootion (dt_l), the lagged average contribution of
the other members of the gron@ﬁt'_il), the average contribution of lower ranked subjéttthe current period

» and a variable that controls for the position liee tgroup. In the simultaneous treatment and the
Crlnft

sequential treatment without information, subjeciitributions can only be influenced by informatiabout
past periods. In contrast, in the sequential treatmwith information, subjects may be influencedhbby the
information received from previous periods and tinfation from previous decisions in the sequencettier
current period.

[Tables 4 about here]

If subjects choose their contribution on the basfisheir contribution of the previous period, the
coefficient associated with subject's lagged cbntion will be positive and significant. But subigenay also
choose their contribution by considering the laggedrage contribution of other group members. i thse
one should observe a positive and significant egefft for this variable. Table 4 shows that intedatments the
variable for subjects' own previous contributiop@sitive. This coefficient is significant at theéolsignificance

level for all treatments. It is not surprising tlatall treatments, a subject's past contributicedjTts his or her
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current contribution level. Thus, contributions #sth some inertia in that individuals who make high
contributions in one period are more likely to dnis the next period. In addition, table 4 indicathat the
coefficient of the variable " others average cdmition in the previous period" is also positive aighificant for
the simultaneous treatment and the sequentiahtesatwithout information. High contributions on thart of
the other group members are imitated or reciprdcadith high contributions in these two treatmettewever
this coefficient is not significant for the treatmievith information. This result suggests that le sequential
treatment with information subjects tend to disrdgaformation from the previous period to takeoimtccount

the more relevant information from the current péri

Table 4 clearly indicates that the level of conttibn is decreasing with the position in the segaein
the sequential treatment with information. Thisutess a further indication of the existence oflaatership
effect”. Indeed when contribution decisions are enadquentially, early players in the sequence mayot
influence positively the contributions of subsedueéecision makers in the sequence, by making aelarg
contribution. However, as the decision sequenceesmdowards the last player, there are less andalgests
who are likely to be influenced and therefore tleadership effect vanishes and as a consequence the
contribution level declines. Such behaviour of wathyers is motivated by their belief that subssdulayers
will reciprocate by making also a large contribatids indicated in table 4, subjects reciprocatarioutions of
low ranked members since we observe that the camfti associated with the variable "contributiontioé
previous ranked member" is significant and positivehe sequential treatment with information. Thesult
indicates that subjects also reciprocate contidlngtiof members who are ranked earlier in the seguéndeed,
high contribution on the part of other group mersbir lower ranks is reciprocated by high contribog.

Finally table 4 also reveals an end game effentast of the treatments.

Result 3 indicates how the rank in the group asféloce individual contribution level.

Result 3 : The level of contribution declines with the positia the group in the sequential treatment

with information whereas it remains unaffected ey position in the sequential treatment withoubiinfation .

Support for result 3:
[Figures 3 and 4 about here]

Figure 3 shows the average contribution of smaillgs, by rank in the game, for the two sequential

treatments. Figure 4 provides similar informatiar farge groups. Both figures indicate that therage

contribution in the sequential treatment with imfation decreases with the position in the gameomrast, the
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average level of contribution in the sequentiahtiments without information remains stable with flosition.

Finally, figure 3 also reveals that for small greuphe average contribution of the three first ptayin the
sequence for the sequential treatment with infaionas larger than the average contribution indimultaneous
treatment. In contrast, the average contributiotheffourth player is lower than in the benchmadatment,
indicating a possible "end-sequence effect". Figuiadicates a similar pattern for large groupbe &verage
contribution of the first six players in the seqcens larger than the average contribution in iheukaneous
treatment whereas the average contribution of ése two players is lower than in the benchmarktrneat.

Figures 3 and 4 reveal that the average contributiothe early players in the sequence is highan tthe

baseline whereas the opposite is true for latgrepsain the game.

[Tables 5 and 6 about here]

Further evidence about this leadership effect @ifobnd in tables 5 and 6 which display the average
contribution levels by position respectively foraand large groupdn both tables, the second and the fifth
columns indicate the overall average individual tdbation for each group, respectively for the seufial
treatments with and without information. The théndd sixth columns give the average individual dbation
for the first position in the group. Finally, theuith and seventh columns provide similar inforomatior the
final position of the group. Our data clearly iratie that contributions in the sequential treatmwith
information are higher in the first position tham the last position. On the contrary, we do noteobs
differences between the first and the final positior the sequential treatment without informati&tatistical
evidence for result 3 is provided in table 7 whishmmarizes the results of a regression of individua
contributions on the position in the sequence.

[Table 7 about here]

The dependent variableis the individual average contribution of playeThe variable "position 2" is 1

if the player is in second position in the sequeoicthe game and 0 otherwise. The constructiorhefdther
variables is identical. The results are interprétectlation with the omitted category, i.e. thesfiposition in the
game. Table 7 indicates that the position in thengyadoes not influence the average contributionhia t
sequential treatment without information. Howe\tke, level of contribution shows a significant deeliwith the
position in the sequence in the sequential treatmd information, for both group sizes. Noticeaththe
coefficients are weaker for early positions thanléber positions, revealing a stronger tendencfyde ride for
higher ranked subjects compared to lower rankepestsh
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4. Discussion and concluding comments

We studied an experimental game of voluntary cbations to a public good, in which players move
sequentially. In our test treatment later playem observe the contributions of previous playetsileain our
control treatments, all players have to make tbemtribution without knowing the contributions dfet other
players. Our results show that sequentiality withahservability does not significantly affect theeeage level
of contribution, compared to the simultaneous dbation treatment. Our result contrast with therkitture on
the positional order effect (Rapoport et al., 198descu et al., 1995, Suleiman et al., 1996, Raypop997).
However, our voluntary contribution game has a ueigquilibrium, avoiding therefore the type of aination
problem that arises in step-level public goods gaoredn common pool resources games, which aréyfieeof
games used to exhibit the positional order eff€ctrthermore, our result is in accordance with Geithal.

(1998), who showed that in a game with a uniquélibgum, the positional order effect is serioushakened.

Our main result is that the average level of cbotion is significantly increased, when subjects
contribute sequentially and have the opportunitgliserve previous contributions. Observabilityuefices both
early contributors, through the leadership effact] later contributors, who reciprocate observeadrimutions.
First, our results reveal that individuals who deciater and observe high levels of contributiohilex a
tendency to reciprocate these decisions by makihigta contribution as well. This result indicatésitt some
part of the subject's contribution is not intriraig motivated but is conditioned on observed dbntions, in
line with earlier findings on conditional coopeomti (Keser & van Winden, 2000). However, under
observability, the level of contribution is no l@rgconditioned on the previous period average dartton, but
on the previous contributions observed within tieeiql. Second, subjects who decide earlier in drpience
and who expect that later decision makers will fifeuénced by their contribution, try to encourapem by
making a large contribution. This is what we caltbd leadership effect. However, as the decisiquesgce
moves toward the last player, implying that fewéayprs are likely to be influenced, the leadershifect

vanishes. As a consequence the average contritdeicimes in the higher ranks of the game.

From our experimental findings we conclude thathwdequential contributions and observability the
leadership effect increases the average level mfibations, independently of group size. Cleafisst movers
do not exploit their position by making a low cdbtition, but in contrast make a large contributionsome
sense they act as if they felt moral obligatiotetrd by example, in order to increase group caoutiiohs. Such
moral obligation is typically absent when contribas are made simultaneously or when contributamesmade

sequentially without observability.
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The fact that later contributors are influencedthy observed contributions of early players, caveha
important policy implications. As already mentionegr main result clearly demonstrates that initins
motivation is not the sole reason why agents doutiei to the public good. Posting information onvjmas
contributions might be enough to increase the lef/ebntributions, suggesting that the design dflipypolicies
should take into account the leadership effect.éxample, public announcements of previous eftarteduce
emissions might increase society’s overall abat¢retfart. Clearly, the leadership effect alone ¢ sufficient
to solve the social dilemma arising in voluntaryntribution games. Fehr & Géachter (2000) showed that
introduction of costly punishment opportunities \pdes strong enough incentives to overcome theniila.
Our results suggest that the same outcome can dohe® with less demanding punishment opportunities.
Introducing asymmetric punishment opportunities, early players can only punish later playershinpggyovide

enough incentives to increase the level of contidinuto the socially optimal level.
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Figure 1. Average contribution level per period for N=4
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Figure 2. Average contribution level per period for N =
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Figure 3. Average Contribution for each position in the gdisiee N=4)
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Figure 4 . Average Contribution for each position in the ggsize N=8)

first pos. sd pos. third pos. fourth pos.

Position

fifth pos. sixth pos. seventh pos. eighth pos.

I Sequential with information
—&— Simultaneou:

[ Sequential without information

19



Table 1: Number of independent observations per cell

Session Treatment Number | Number of | Size of the
number of Groups| subjects group
1 Simultaneous game 5 20 4
2 Simultaneous gamé 4 16 4
3 Simultaneous ganvé 4 16 4
4 Simultaneous game 2 16 8
5 Simultaneous game 2 16 8
6 Simultaneous game 2 16 8
7 Sequential game with info 3 12 4
8 Sequential game with info 3 12 4
9 Sequential game with info 2 16 8
10 Sequential game with info 2 16 8
11 Sequential game with info 2 16 8
12 Sequential game without info. 4 16 4
13 Sequential game without info. 4 16 4
14 Sequential game without info. 2 16 8
15 Sequential game without info. 2 16 8
16 Sequential game without info. 2 16 8

# simultaneous game with framing

20




Table 2. Group Average Contribution Levels

Group N=4 )
Null info Order Full info Null info  Order info
1 4.3 5.4 4.58 4.84 2.65 3.85
(2.94) (4.57) (3.67) (3.44)  (3.43) (3.08)
2 4.15¢ 4.7 6.23 4.95 2.7 3.88
(2.83) (3.17) (3.11) (3.38)  (2.5) (3.85)
3 5.91# 428  5.15 3.48 3.22 6.025
(2.33) (4.72) (2.99) (3.44)  (2.43) (3.08)
4 2,784 593 553 5.26 4.28 5.50
(3.26) (3.06) (3.31) (3.34) (291 (4.03)
5 5.254 421  5.35 3.52 4.05 4.24
(2.93)  (3.12) (3.30) (3.61)  (3.04) (2.22)
6 6.08 41 468 3.18 3.34 6.53
(252)  (3.05) (3.11) (3.35) (272 (4.28)
7 2 61 2.28
(2.96) (2.59)
8 2 o 3.05
(2.48) (3.03)
9 4.95
(1.92)
10 2.05
(1.99)
11 2096
(3.17)
12 5.25
(2.47)
13 446
(3.13)
4.09 424 525 4.20 3.37 5.03
(2.68) (3.41) (3.32) (3.42) (2.83) (3.42)

# The results show no significant difference at Eawel of significance in average contribution betwe
the simultaneous treatments with and without fragniAll simultaneous treatments with large grougsev
conducted with framing.
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Table 3: Random-effects GLS regressiohindividual Contribution: Information and Ordeffécts

Sequ. treat. (sequ with and Treat without info. (simult and  Simult treat and seq. treat

without info) seq without info) with info
N=4 N=8 N=4 N=8 N=4 N=8
i's contribution 0.210*** 0.289*** 0.412%+* 0.368*** 0.426*** 0.315***
(lagged) (0.035) (0.027) (0.027) (0.026) (0.029) (0.027)
Others's average 0.290*** 0.133* 0.287*** 0.221%** 0.161*** 0.171 %
cbt (lagged) (0.052) (0.057) (0.040) (0.057) (0.043) (0.054)
Information 0.654*** 0.966***
effect (0.242) (0.199)
Order effect -0.144 -0.175
(0.172) (0.175)
Seg*Information 0.454** 0.584***
(0.190) (0.191)
Period 15 -1.728*+* -0.055 -0.841*** -0.526* -0.981* -1.014%**
(0.462) (0.342) (0.326) (0.328) (0.331) (0.369)
Constant 2.028*** 1.887** 1.227%* 1.532%* 1.701* 2.017%**
(0.295) (0.238) (0.209) (0.288) (0.218) (0.279)
Observations 784 1344 1176 1344 1064 1344
Number of 0.15 0.14 0.25 0.17 0.24 0.14

individu

Standard errors in parentheses * significant at;20%ignificant at 5%; *** significant at 1%
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Table 4: Determinants of contribution (Random-effects GL&ession)

Simult treat. Seq treat. without info Seq. Treatithvinfo

Variable (1) N=4 (2) N=8 (3) N=4 (4) N=8 (5) N=4 (&N=8
i's contribution 0.564*** 0.377** 0.238*** 0.349*** 0.189*** 0.246***
(lagged) (0.031) (0.036) (0.045) (0.037) (0.059) (0.040)
Others' average | 0.191*** 0.230*** 0.391 % 0.177* 0.040 0.060
cbt (lagged) (0.047) (0.076) (0.068) (0.090) (0.090) (0.079)
Position in the -0.015 -0.004 -1.318*** -0.460***
group (0.140) (0.046) (0.233) (0.072)
Contribution of 0.268*** 0.169***
previous rank (0.067) (0.041)
Period 15 -0.531 -1.509%** -1.419* 0.423 -1.864** 0.490

(0.352) (0.502) (0.625) (0.422) (0.741) (0.541)
Constant 0.972*** 1.518*** 1.469*** 1.521%** 6.137** 4.646**

(0.231) (0.368) (0.506) (0.403) (0.969) (0.594)
Observations 728 672 448 672 252 588
R2 0.36 0.19 0.18 0.12 0.26 0.18

Standard errors in parentheses, * significant at 10%; *ifgignt at 5%; *** significant at 1%
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Table 5. Group Average Contribution by position in the gaiiNe= 4)

Group Sequential treatment wiitfo Sequential treatment without info
All positions First position Last positior All positions First positior Last position
1 4.58 6.33 2.26 5.4 5.13 6.2
(3.67) (3.24) (3.43) (4.57) (4.77) (4.49)
2 6.23 7.33 4.33 4.7 3.8 4
(3.12) (1.87) (3.90) (3.17) (3.22) (3.12)
3 5.15 6.86 3.4 4.28 4.33 4.73
(2.99) (2.16) (3.37) (4.72) (4.77) (4.90)
4 5.53 6.33 3.13 5.93 5.46 4.93
(3.31) (2.60) (3.15) (3.06) (2.97) (3.69)
5 5.35 6.93 2.86 4.21 3 3.66
(3.30) (2.93) (2.58) (3.12) (2.92) (2.46)
6 4.68 4.4 4.13 4.1 5.33 4.13
(3.12) (2.13) (3.92) (3.05) (3.08) (2.97)
7 2.28 1.53 1.8
(2.59) (1.84) (3.12)
8 3.05 3 3.8
(3.03) (3.42) (2.73)
5.25 6.36 3.35 4.24 3.94 4.15
(3.32) (2.64) (3.40) (3.41) (3.37) (3.43)
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Table 6. Group Average Contribution by position in the gaiiNe= 8)

Sequential treatment with info Sequential treatment without info

All positions First position Last position All position First positior Last position

G1 3.85 4.26 2 2.65 3.13 2.93
(3.08) (3.41) (2.23) (3.43) (3.96) (3.55)
G2 3.88 6.33 .93 2.7 2.8 2.53
(3.85) (3.19) (2.63) (2.5) (2.30) (2.79)
G3 6.025 8.26 6.2 3.22 3.46 3.2
(3.08) (1.83) (3.91) (2.43) (2.41) (1.89)
G4 5.50 7.86 2.66 4.28 4.2 4.06
(4.03) (3.02) (4.23) (2.91) (3.12) (3.08)
G5 4.24 4.6 2.8 4.05 2.46 5
(2.22) (2.55) (2.54) (3.04) (2.19) (3.31)
G6 6.53 6.6 5.53 3.34 2.4 2.86
(4.28) (4.70) (4.71) (2.72) (2.5) (2.26)
average  5.03 6.31 3.35 3.37 3.07 3.43
(3.42) (3.11) (3.37) (2.83) (2.74) (2.81)
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Table 7: Random-effects GLS regressiohcontribution by position

N=4 N=8
Sequential Sequential  Sequential with Sequential
with without Information without
Information  information information
Position 2 -.29629 .69960 -.7589* 4628
(.4405) (.4453) (.4471) (.3938)
Position 3| -1.2918*** .15924 1.148%*+* -.24422
(.43902) (.44604) (.442) (.39239)
Position 4 | -3.096** .30265 -1.058** .3260
(.44085) (.4474) (.443) (.3958)
Position 5 -1.870*** .2673
(.4551) (.39465)
Position 6 -2.158*** -.24166
(.4458) (.3976)
Position 7 -3.470%** 4218
(.44779) (.3925)
Position 8 -3.58*** .0985
(.447) (.3941)
Constant 6.4266*** 3.955%** 6.760%** 3.2428***
(.3666) (.3860) (.4204) (.3365)
sigma_u .95514034 1.2634 1.936 1.308
sigma_e 2.9283759 3.4169 2.899 2.5716
Rho .09615557 .12028 .3083 .20555
Observatio 360 480 720 720
ns

*** 1% significance level. ** 5% significance levet 10% significance level. Standard error in pahesis
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