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Communication in Asymmetric Group Competition

over Public Goods

Jingjing Zhang

Abstract

This paper examines whether and how cheap datkmunication can facilitate withigroup
coordination when two unequal sized groups compete foiza that $ shared equally among members
of the winning group, regardless tifdr (costly) contributions to the group success.We find that
allowing group members to communicate before makiagtributiondecisionsimproves coordination.
To measure how much mismaination remains, we employ a control treatment where miscoordirgtion
eliminated byasking group membersto reach a unanimousontribution decision. Average goup
contributions are not significantlglifferent in this control treatmenCheap talk emmnunication thus
completely solves miscoordination within groups andkesgroup members act as a singlgent.
Furthermore, it is thiarge group thatenefits fromcommunication at thexpense of the smaligroup.
Finally, content analysis of group commiagation reveals that after the reduction of witgnoup strategic
uncertainty, groups reach selfiforcing agreemeston how much to contributedesignatespecific
contributors according to arotation schemeand quickly discoverthe logic of the mixedstrategy

equilibrium.
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1. Introduction

The notion of public good provision igroupcompetitiors has important applications in
political science and economics. Examples include political races, rent seakmgR&D
contests in which groups compete by expending resources (e.g., money, effortp ckeeve
power, secure governmental subsidies or capture mongpolyeges which are distributed
among members of the winning group, regardless of the extent of their contribuatitimes
group’s success. Hence, individual members face the following tradeitbfifr @group, there is
an incentive to free ride on other members’ costifprt and betweergroups, there is an
incentive to compete for the benefit

In thesecompetitions communicationamong group members matural andmportant
becausethe group$ respective success in solving the witgnoup dilemma determines the
outcome of the betweeagroup competitionThis motivates us texplorethe role ofwithin-group
cheap talkcommunication inthis environment: Although cheap talk communicatida non
binding and costless, previous experimentatlies have demonstrated that communication can
neverthelessignificanty improve cooperation, facilita coordination and enhaeefficiency in
various experimentalsettings  Social psychol@ists have identifiedseveral means by which
communication influences behavi¢t) provides information and facilitates understanding of the
game; (2) promotes coordination of cooperative actionsie(B)ces strategic uncertairdipout
other players’ behaviors; (4) elicits social norms such as trust, commitprentisekeeping;
and (6) induces conformity due to peer pressure or increased group i¢leatitand Kaufman
Gilliland, 1994and Bicchieri 200 Yet, with a few exceptions that we will review in section 2,
these documented effects are observesituations wherestrategic interactioms present only
within a group.

We are interested iexamining howcommunication affects behavior when strategic

interactions take place both within and between grouplmreover, competinggroups of

! All discussions about communication hereafter refawithin-group cheap talk communicationnless otherwise
stated. The role of other communication channels such tetweergroup communicationis discussedn the
conclusion section and will be addresgeélture research.

2 For example, communication improves cooperation in public goods games (ed@®5), common pool
resource games (Hackett et al., 1994; Ostrom et al. 1994), and triest (@harness and Dufwenberg, 2006, 2011).
Communication facilitates coordination and enhances efficiency in gaitreBareteranked equilibria (Van Huyck

et al., 1992).

3 Many papers have investigatedulti-level strategic interactionwithout the influence ofcommunication.For
example, in thestrand of literatur®n voter participationthere are Schram and Sonnes§1996a), Bornstein et al.
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different sizesmay make use of the opportunity tcommunicatein different ways and to
different extents This paper thus focusesn the role of within-group communicationin
asymmetric conflicts(in terms ofrelative group siz¢ which has receivedmuch less attention
than symmetric situationgn economic researclittractive as it is for theoreticahnalysis
symmetryis the exception rather thdhe rule as asymmetric conflicts are most common in real
life. Asymmetry may result in different types of messages exchanggbups and the same
type of messages mahape behavior differently.

Rapoport and Bormein (1989)is the onlypaper we are aware of studying the effect of
communication in asymmetric group competitiorihere are several notable differences
between our study and theifsrst, we study a repeated game instead of a one shot wark
allows us to dsene the dynamicevolution of the effect ofcommunication on group behavior.
Secondour design presentsnaore sevecoordinationproblem for large growgrelative to small
groups so that large groups value the opportunity to communicate much more than small groups
do. This in turn generates some interesting patterns in the way messagesl arkiuk besides
measuring how much withigroup miscoordiation is reduced via communication we also
measure howmuch miscoordination still remaing groups. Lastly, instead of face to face
communicationsubjects in our experimenbuld send fredform nontbinding messages to each
other through a chat windoat the beginning of each period whi@nablesus to see how
subjects respond to the history of thlay or layout and adjust a plan across periods, as they
articulate in the chdtWe then adopt content analysis to systematically translate the qualitative
information of the chats into quantitative measures and relate them to outcomes in th
experiment.Thus we not only document whether communication affects decision making, but
also explicitlyreveal why and how communicatibas such an impact.

Theenvironmentve examingesembleshe following situation. Whea group of people,
such as boards of dinees, legislatures, committeesy lobbying groups need to reach a

decision, communicationsuallytakes placevithin subgroups beformdividual votes are cast.

(2005),Cason and Mui (2005),evine and Palfrey{2007), Duff and Tavits (2008), Kugler et al. (2010), etc. (see
Palfrey, 2009 for a detailed review). In the contest literature, thereadiparian and Schotter (1997), Abbiekal.
(2010), Ahn et al. (2011), to name a few. All these papers do not exémireffect of communication.

* Compared to faceo-face communication, chabom communicatiorpreserves anonymitynd excludes facial
expression and other an-verbal stimulias the chat program assigghsubjects an id number in the order they sent
messages. Yet chadom communication still captures interesting social dynamiosrémit in naturallyoccurring
communicéon and ithas been found almost as efficient as fimeface communication iroluntary contribution
experimentgBochet et al., 2006)



The final decisiontends to favor the subgroup with more voté& construct anexperiment
araund the warkhorse model ofoter participationinvolving two unequakized groups which
was first introducedby Palfrey and Rosenthal (1983, hereafter P&Rdch group member
decides whether or not to cast a private vote at some cost. The group with the thigloest
gets the prize which is evenly distributed amailigmembersin the winning group.lt is a
winnertakesall election which can be seen as a déy@l public good game played within
groups, with the threshold determined by the turnout ofoghgorent group. P&R prove that
Nash equilibrium with positive turnout exists. And in some cabeslargegroup turns out less
heavily thanthe smallgroup. This environment departs from the classic sifgyleup public
goods game by introducing betwegioup onflict. It also differs from theraditionalliterature
on contest games where the competitors are modeled as unitary players, vesicdutwbithin
group canflict.

To investigatethe effectof cheap talkcommunicationin this game we employ four
treatments in a betweeaubject designThe votingdecisionwas presentedas whether or not to
contribute endowed tokens to the group account.sthgegame walayedfor 20 periodsn
the no communication treatment. In tlwemmunicationtreatmem, subjects carexchange
messages with other group membatrshe beginning oéachperiod before making individual
contribution decisionsBesides the communication and no communication treatments, two
control treatments are conductéd.one treatmentyithin-group conflictis eliminated byasking
individual memberd¢o reacha unanimous grouplecision on how much to contribua@d share
the contribution cost equally. By comparing the outcomes of this control &etataithose in the
original communicatio treatmentwe are able to isolate how much miscoordination still remains
in the communication treatmemt the other treatment, two groups of unequal sizes are replaced
with two individuals with unequal endowments competing for the prize. This contributes to the
discussion of whether groups behave differently than individoaategic tasks

When there is no communication, we identify a particular mixed strategy Nash
equilibrium from other multiple mixed strategy equilibria as the most behavioralgvant
equilibrium, where theontributionrate is higher in small grogghan in large group Large
groupswin only about half of the time despite the size advg@t Wherwithin-groupcheap talk
communicationis allowed it promotes large grougontribution and deters small group

contribution Large group win around88% of the time Relative to small groupdarge groups



benefit more from communication precisélgcause they face moreveee coordination problem

and they understand that they shall use communication as a coordination déwdalt@xtent

to achieve aroptimal outcomeAnticipating this, small grouparediscouraged from competing
with large group. More surprisingly, behavior in the communication treatment is well
approximated by different mixed strategy Nash equilibriumwvhich modelghe small group and

the large group eads one agenh the game. Outcomes in the communication treatment are not
significantly different from the control treatment featuring unanimous grougides Similar
outcomes are also observedamother control treatment in whitiwo individuals are competing
with each other. Communication therefaa@mpletely eliminates miscoordination within groups
and leads group members to act as one agent in makirgjotecContent analysis of group
communication reveals that the most effective strategy for large grmugoordinatas to
explicitly designate specific contributof®r noncontributors)following a rotation scheme
Small groups rely more on making choices by reasoning from the opponent group’s point of
view. Both small groups and large groupsphasizé the need to beinpredictablein their
contribution decisionsn the chats which reflects theinderstanthg of the essence of mixed
strategy equilibrim.

The remainder of the paper is organized as follows. Sectibriefly reviewsrelated
experimentaliterature. Section 8haracterizes the structure of the game. Sedtescribes the
experimental design and procedures. Sechoreports the resultsSection 6elaborates on
content analysis, and section 7 concludes.

2. Related Literature

Schram and Sonnemans (1996b) &wapoport and Bornstein (1989) are molssely
relatedto our study Both papers study face to face communicatlanSchram and Sonnemans
(1996b), a participationgame is playedetweentwo groups of 6 subjects. They report that
communication significantly increases thenoutrates of both groups. A point worthy to note
here is that they use withBubject design with the same subgeglay 20 periods of the game in
no communication treatment followed by rBinutes faceto-face communicationand then
another 5 periods of the game without further communication. Thus the reported communication

effect might beconfounded with learning effe



Rapoport and Bornstein (1989) analyze the effect of communicaticm ame-shot
participation gameTheir results show that communication increasesctgribution rate in
large group but not insmall groug. They do not provide garAd@eoretical predictions for
rational individualsThe prize in their experiment is a “pure” public geetthe value of the prize
to each individual does not decrease as grouprisigs.In contrast to the “perfect nenvalry”
characteristic of the “pure” publgood, the prize in our study is an “impure” public geethe
value of the prize to eacghdividual is smaller in large grosghan in small groups. Our design
thuspresents a more sevagordination problem for large groupsative to small group®

Several recent studies haegaminedhe effect of chat messages in group competitions,
but all of themanalyzedcompetition between equaized groups and none of them measures
how much miscoordination still remains aftke use ofvithin-group communica&bn as aool to
reduceanyinternal conflict

Sutter and Strassmair (2009) evaluate the role of communication in a toutrthaten
involves two teams competing for a fixed prize which is paid by the losing teamhareti s
equally in the winning team. Théynd that communication within teams increases contributions
and leads to higher efficiency. This is consistent with experimental finéliogs public goods
and other coordination games which document that communication always enhaneexgffic
By cortrast, when groups competing in a weakist contest, Cason et al. (2010) report that
although withingroup communication improves coordination it significantly reduces efficiency.
This is because communication creates strorgyonip favoritism that increases their utility of
winning and leads to excessive and wasteful efforts. The efficieuuction effecof within-
group communications also documented by Buckley et al. (2009) in common pool resource
games with individual appropriators share their output in groups of optimal size.

Besides the communication and ho communicatiorinreats, we also compare results
froma competition between two individuals and a competition betweenrtary groups. This
contributes to the literature investigating whether group behavior is diffieoen individuals.

Literature in social psychology and economics has provided compelling evidence that
groups behave differently from individuals in games with no strategic interst In

®In a singlegroup public goods game, Isaac and Walker (1988) find that mameberne free ride as group size
increases in the provision of an “impure” public good but imathe provision of a “pure” public good.

® For example, groups make faster and better decisions than individoalg a statistical problem (Blinder ad
Morgan, 2005); groups gain higher expectegoffa at a significant lower risk in investment games (Rockenbach, et
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strategically interactive gamean excellent literature review by Kugler et al., (2012) reveals that
groups seem to better comply with theoretical predistiban individuals

Regardingthe performance of groups in indgroup competitions, psychologists report
that intergroup relations tend to be highly competitive as compared to individual relations under
the same functional conditions (Tajfel, 1982; McCallum et al., 1985; Insko et al., Mi&g}l
evidence is reported by economists. Cox and Hayne (2006) find that groups bid more
competitively than individuals when they have more information about the value of the
auctioned item, leading to more overbidding and less profit than individuals inractorralue
auctionexperimentSutter et al(2009) document that groups stay longer in an ascending sealed
bid English auction and thus earn less than individuals. Gillet et al. (2009) repormrtirabo
pool resource extraction by groups of appropriaisrenore competitive than by individual
appropriators.On the other hand, Sheremeta and Zhang (28h0O that groups bid less
aggressivelyand receive significantly higher payoffs than individualsgroupbased Tullock
contestsand Cheung and Palan (2011) find tgedups are less prone to creatgbbles than

individuals in a double auction asset market.

3. Theory

The experiment is structured around P&R’s voting model. There are two groups A and B
with n, andng members respectively; each member of Group A and Group B receives an
endowment of sizee > 0 and then he or she must decide independently and anonymously
whether to keep the endowment or contribute all of it toward the group’s befméitgroup
with the most contributors wins the game and receives a Ryiaile the losing group gets no
prize If the numbers of contributors are eqgbetweenthe two groups, each group gets half of
the prize. The contributions are non refundable. The prize is then shared equallygaowmng
membersin the winning group irrespective of whether or not each group member made a

contribution. Thus if groul (G = A, B) is the winning group, each member in the winning

group isrewarded; = ni. In addition to the share of the group’s benefit, each memkmatim
G

groupsearns any endowment that is not contributed to the group. The ordinal relation between

al., 2007); groups make substantially fewer errors than individualebapility judgment and Bayesian updating
(Charness et al., 2007, 2010)pgps fall prey less to the winner’s curse problem (Casari et aD).2R&search on
whether groups are more or less risky than individuals teripothoices provides mixed results (See Zhang and
Casari, 2011 for a review).



the payoff parameters for an individual player in the model satitigemequalityr; > % +e,

wheree is the cost othe contribution (equato the endowment)r; is the utility of a win and
rZ—Gis the utility of a tie. Given the inequality, a payoff maximizing player shoufdriboite

when his or her contrilsion is critical to winning the game. The inequality can also be reduced

to % > e. This ensures that a payoff maximizing player has an incentive to contnbatehis

or her contribution is critical to tying the game. There is no pure strétagly equilibrium for
this game. There ate/o classes of mixed strategy Nash equilibria:

1) Mixedpure strategy equilibria where all members of one group contribute with a
positive probability and members of the other group are divided into subgroopsataobutors
and nonrcontributors. P&R consider these equilibria implausibles paper thus focuses on the
second class of Nash equilibrfa.

2) Totally mixed strategy quasymmetric equilibria (hereafter, mixed strategy
equilibria) where all members in the small group contribute with the same prgbpalaiht all
members in the large group contribute with the same probatility

The mixed strategy equilibria are determined by equating the expected payoff fr
contributing to the expected payoff from not contributing so that no one can increasecasde
his or her payoff by changing the contribution decisions unilaterally. Spdlgifitta any player
i in Group A to be willing to randomize, that is, he or she is indifferent to contribute at not,

must be the case thdV,*(Contribute) = EV*(Not to Contribute), which is a function of

two unknownsp, g and can be simplified tg’%PZ) ==

Ta

whereP; is the probability that the

contribution of playei canchange a losing situation into a tie aig is probability that the

contribution of playei canbreak a tie and lead to a win. Thugﬁ;ﬁ > ri l.e., the probability
A

of being critical exceeds the cost to benefit ratio, plag&ould choose to contribute. Similarly,
we can get another function of q for players in Group B such th&WV;?(Contribute) =
EV{E(Not to Contribute). With two functions and two unknowns, we camalyticallysolvefor

the mixed strategy equilibrfa.

" Recent papers also focus gomasisymmetric equilibrium (for instance, Levine and Palfrey (200%)tfyDand
Tavits (2008), Battaglini et al. (2010)).
® The expected payoff functions are discussed in detail in Appendix I.
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4. Experimental Design and Procedures
Our experiment consists of 35 statistically independentpetitionsbetween twayroups
(or individuals)with a total of 184 subjects across four different treatments, as summiarized
Table 1.
Table 1. Summary of Experimental Design

Treatment Com?)te?; tions p:tr (go?njg{ateﬁtii;n Communication Decision Miscoordination
3x5NC 6 8 No Individual Yes
3AX5C 6 8 Yes Individual Yes
IX1G 7 8 Yes Group No
Ix1 1 16 2 No Individual No

Treatment 3x5 NC: A group of 3 members and a group of 5 members compete for a prize
of R = 18tokens in the game. Each member is endowed with one token and decides whether to
contribute the token to the group account or kedprihim or herself’ The group with more
tokens in the group account wins the prize, which is shared equally among theutonstrand
non-contributors. When there is a tie, the prize is split between the two group® iBher
coordination problem within grougsecause onlyhe contributors bear the cost of contribution.

No form of communication is permitted.

Treatment 3x5 C: This treatment addshtetreatment 3xINC, the opportunityor group
membersto communicate with one anothat the beginning of each period. Grougembers
have 90 seconds to send ffeem messages through a chat window before deciding whether to
contribute the endowed token. Communication is-bioing—group members (who make their
contribution decisionsndependentlyand anonymously) are not corasbed to keep any
agreement that they may have reached during the chat pgubgbctsvere informed that their
messages would be recorded and they would be required to &@lvalsimple rules: be civil
to each otheruse no profanity and do not idép themselves.

Treatment 1x1 G: This treatment differs from treatre@x6 NC and 3x5 C in the way

that tokens are endowed. Tokens are distributed collectively, to the entire group, instead of

®The asymmetric competition is between a small group of tierabers and a large group of five membéfgh

at least three members, coalitions can be formed and some kind okzatigamis present. Also, ilhetreatment 1x1
G, we ask groupso reach a unanimous decisiofhe oddnumbered group makes it easiencd it admits the
possibility of a decisive majority vote to reach a group decisiorhdlfitloss of generality, individual endowments
are set to be unityrhat is, the usrefundable cost of contribution equals one.
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separately to each individual. The large (small) group decides how many of the 5 (3)&ndowe
tokens to contribute. The group with higher contributions wins a prize. Group members share th
prize and the retained endowment equally. Tlaeesno miscoordinatiomssuesbecause the cost

of contribution is born by every group memiagrd groups are asked to make a joint decision
Again, communication is allowed for 90 seconds before group members make the actual
decisions simultaneously and anonymously in the beginning of each period. The unanimous
decision selected by athembers in the group is implemented as the group deciSimry

period, each group has up to 10 rounds with no further communication to reach a unanimous
decision. If a unanimous decision is not reached by tHerdind, the choice of allocating “0”
tokens to the group account is automatically implemented as the group decision.

Treatment 1x1 I: Two individuals instead gfoups compete in this treatment. One
individual is endowed with 3 tokens and the other is endowed with 5 tokens. Each of them is
askal to decide how many tokens to contribute. The individual with higher contributions wins
the prize. Any tokens that are not contributed are added to the individual’'s benefitatrdhe
group level conflict ishuseliminated in thigreatment No commurgation is permitted.

The effectiveness of communication in solving miscoordination problem within groups is
examined in patwvise comparisons of the first three treatments: 3x5 NC, 3x5 C and 1x1 G. More
specifically, the treatment 1x1 G should be equivalent to the case where communication
completely eliminates miscoordination. The difference betwieerreatmerst3x5 NC and 3x5
C allows us to measure the degree to which miscoordination is reduced by communidalkgon, w
the difference between treatmei®6 C and 1x1 Gevealsthe extent to which miscoordination
still remairs. The comparison between treatnseltl G and 1x1 | indicates whether individual
choices differ from group decisions.

All subjects were recruited from a wide cresstion of undergraduates at Purdue
University. A computerized interface using the softwatteee was adopted to implement the
experimental environment (Fischbacher, 2007). Instructions were read aloled swhjects
followed along on their own copy. Subjects were given a quiz on the computer to verify the
understanding of the instructions before the games were played. For each aisvest, they
earned 50 cents. More than 90% of the quiz questions were answered correctlyssialkse

In treatmend 3x5 NC, 3x5 C and 1x1 G, 16 subjects were randomly and anonymously

placed into either a 3 orferson group. Each@erson group was then paired with one of the 5
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person groups to formahortof 8 subjects. Group compositions remained the same fdirshe
10 periods.Before the start of period 11, subjects were regroufeifter the regrouping,
another 10 periods were playedSubjectswere informed of their own group decision, the
decision of the opponent group, individual earnings for each period and the cumulatimgsearni
at the end of each period. Similarly tiretreatment 1x1 I, 16 subjects were randomly split into 8
pairsand assigned to two roles: Person A (endowed with 3 tokens) or Person B (endowed with 5
tokens). Thesubjectsroleswere fixed for 10 periodand switched for another 10 periods.

Subjects’ earnings were designated in “experimental tokens”. They wereqoaadl f
periods, and their cumulative token balance was converted to U.S. dollars abfadra&i&ens to
one dollar for the group treatment and 20 tokens to one dollar for the individual treatment

Subjects earned about&on average and sessions lasted about 45 mairmies.

5. Predictionsand Results
Our parametes are chosen tgenerate relatively distinct types of equilibrium. We refer to
one equilibrium as Type H to reflect the higher contribution rates from both groupsedtat
the other Type L equilibrium. Table 2 presents the theoretical predictions andnddi@ i
treatment 3x5 NC pooling across all periods andesbions.
Table 2: Theoretical predictionsand datain treatment 3x5 NC

Individual Contr. Rate

P(largewins) P(largeties) P(largeloses)

Small Large
3x5 Game TypelL Eq. 0.48 0.03 2.0% 17.3% 80.7%
3x5 Game TypeH Eq. 0.91 0.74 67.1% 23.4% 9.5%
3x5 NC data 0.64 0.56 56.7% 25.8% 17.5%

In both equilibria, the small group contributesadtigher rate than the large group. The
large group loses most of the time (80.7%)the Type L equilibrium becausethey rarely
contribute. Inthe Type H equilibrum, groups compe aggressively with individual contribution
rates of 0.91 in the small group and 0.74 in the large group. Despite the size advaatagge

group is only able to withe competitiorabout 67.1%f the time

°The regrouping was used to reduce the difference in earflihggiegrouping occurred separately within the two
cohorts of 8 subject®Vilcoxon sign tests indicate rgignificantdifference before and after the regrouping in all the
treatments. Thus we usdl 20-period data in the followinganalygs For more detail please see Figure Al in
Appendix which shows the average group contribution over the first Iddgeand last 10 periods in all treatments.
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The theoretical prediction highlighthe fact that small group members contribute more
often than large group members. This leads to the following prediction.

Prediction 1: Without communication (treatment 3x5 NC), the relative individual
contribution rate is higher in the small group than inléinge group.

Result 1:Predictionl is supported.

The datain thetreatment 3x5 NGre different from point predictions from both types of
equilibrium (Table 2) But if we focus on theelative contribution rates and the outcomes of the
competitionon the group level, theataare much closer to theype H equilibrium than theype
L equilibrium. Largegroups never contributed 0 tokert Averageindividual contribution rate
are significantly lower than tharedictionsin both groups? The averagéndividual contribution
rate is higher in small grospthan in large group® Groups were competing aggressively.
Averaging across six sessions, large gsoaplywon the games6.7%of the time andied the
game25.8%of the time.

To form a set of testable hgtheses for the communication treatment, we consider the
extreme benchmark where communication completely elimimaigsoordinatiorwithin groups
In this case, members of each group are able to reach an agreement to coordinadvitiaal
choices and act as a single agemd also believe that members of the other group behave in the
similar fashion. This implies a restructuring of the group competition into glay@r nonzero
sum game (hereafter, 1x1 ganeerrespondinglywe refer to theoriginal group competition as
3x5 game) A small player endowed with 3 tokens and a large player endowed with 5 tokens
each decide how many tokens to contribute ttee group account. Contributions are not

refundable. The player with higher contribution wins a prize of 18 tokens and the player who

'We compare the mixed strategy prediction with the aggregate group level nowiVidual level behavior
because clearly individual subjects didn’t contribute with the sared fixobability at each period. The observation
that a mixed strategy does not characterize individual behavior, but ratheggtregate data is well documented in
experimental literature (Camerer, 2003).

12One samplanilcoxon signeerank test, pralue=0.08 for small groups, fvalue= 0.0Z for large groupsThis is
consistent with Levine and Palfrey (2007) documenting that theutimates for the smallest electe with one
voter in a group and two in the other group are lower than theoreticittmas. Yet they also reported that turnout
rates for larger electorates with 9 voters in total (either 3 éngvaup and 6 in the other or 4 in one group and 5 in
the other) are approximately equal to the Nash equilibrium value, whereasttumtes for the largest electorates
with 27 or 51 voters in total are higher than predicted by theory.

13 The difference is statistically significamtt 10% (pvalue=0.076) basl on a probit regression, where the
dependent variable is the individual binary contribution decision anchttepéndent variables are a constant, a
period trend, a groutype dummyand session dummies. Standard errors are adjusted for 48 clusters at the
individual level to account for the multiple decisions made by individuals. ®wttier hand, the difference is not
significant based on group level détdann-Whitneytest,n=m=6, p-value=0.63t test,p-value=0.32).
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loses gets no prize. When there is a tie, each player gets 9 tokens. Treatmemtdlitdatment
1x1 G are designed based on the 1x1 game. The key difference between thesénmeattrés
whether the two players in thgame are two individuals (1x1 I) or two groups of 3 and 5
members each (1x1 G).

Table 3 Payoff Matrix and Mixed Strategy Nash Equilibriafor the 1x1 Game

Contributions 0 1 2 3 4 5
0 12,14 3,22 3,21 3,20 3,19 3,18
1 20,5 11,13 2,21 220 2,19 2,18
2 19,5 194 10,12 1,20 1,19 1,18
3 18,5 18,4 18,3 9,11 0,19 0,18

Table 3 presents the payoff matrix for the 1x1 gadesignating the strategies of the
small player and the large player as rows and columns, respectively.i3mereoure strategy
Nash equilibrium for this gamé? Given the payoff structure, it is straightforward to solve the
mixed strategy Nash equilibriRapoport and Amaldoss, 2000).

Figure 2 compares the predicted probability mass function of group contributions in the
3x5 game and in the 1x1 ganmia.the 1x1 game, there are two sets of mixed strategy Nash
equilibrium for the small player. They are very similar and behaviorallytindigshable. We
only present one of them in Figuré2The mixed strategy Nash equilibrium for the lardgypr
is unique as shown in Figure 2. The frequency of contributions in the 3x5 game istedlcul
using theType H equilibrium because the data are completely at odds witiTyhe L
equilibrium. In the 1x1 game, the small player abssdnom the competition about 78% of the
time while the large playecontributes4 tokens 78% of the tim&hus the large group almost
always wins the gam@@6% of the time) This is very different from the prediction in the 3x5
game where the small grougontributes3 tokens most of the time while the large group

contributes 4 tokens less than 40% of the tremulting in a 30% decrease in the chances of

1 The large player can guaranteenkelf to win the prize by contributing 4 tokens. Anticipating thag, shall
player would abstain to save the endowment. If, however, the larger @aticipates that the small player would
contribute nothing, he is better of contributing 1 token. Bentthe small player has incentives to increase
contribution to tie or win the prize. Thus no pure strategy equilibriumseixighis game. Note the 1x1 game with
unequal endowment is typically used to model patent race between a strongeaidpdayers.

31n one equilibrium, the small player never contributes 2 tokens awibmsizes over actions of contributing 0, 1,
and 3 tokens with the following probability vector (0.778, 0.111, 0.1113.i$1he one depicted in Figure 2. In the
other equilibrium, he small player never contributes 1 token and randomizes over awftiomstributing 0, 2, and 3
tokens with the following probability vector (0.833, 0.056, 0.111).
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winning. Notein the 3x5 gamethe large group is expected to contribute 5 tokens about 22% of
the time,although only four tokens are needed for the large grouwito This highlights the
severmiscoordination problem within the large group.

Figure 2: Theoretical comparison between the 3x5 Game and 1x1 Game
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Table 4presents the predicted average group contributiorgsage group earnings and
the probability the large group wins, ties and loses the game in the 3x5 game axil gaene
along with the data we observed in four treatmdddsh theKruskal Wallis tesbn the equality
of medians and the F test on the edquaf means indicate that there is a statistically significant
difference across all four treatments in both grqppglue<0.01 for all comparisons).

Table 4: Theoretical predictions and observed data acr oss treatmtents

AverageGroup  Average Group Plarge P(large P(large

Contribution Earnings wing) ties |oses)
Small Large Small  Large

3x5 Game Prediction 2.74 3.68 406 1552 67.1% 23.4% 9.5%
1x1 Game Prediction 0.44 3.56 3.00 19.00 96.3% 2.5% 1.2%
Data: 3X5NC 1.92 2.78 6.56 1475 56.7% 25.8% 17.5%
Data: 3x5C 1.07 3.70 3.36 17.88 88.3% 7.5% 4.2%
Data: 1x1 G 0.84 3.48 3.84 1785 89.3% 2.9% 7.8%
Data: 1X11 1.21 3.52 345 17.82 859% 9.7% 4.4%
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Recall that the 1x1 game is structured as the extreme benchmark wheregvathpn
comnunication completely eliminates tleseordination problenand each group act as one agent
in the gameBased on the theoretical comparison between the 3x5 game and the 1x1 game, we
form the following predictions:

Prediction 2: Within-group communication rfgatment 3x5 C) redusamniscoordination.

The small groumlmostalwaysabstains from contributing and the large group is able to win the
game most of the time. This leads to relatively higher earnings for ripe ¢gmoup and lower
earnings for the small gup compared to the no communication case (treatment 3x5 NC).

Result 2: Prediction?2 is supported.

Prediction 3: Within-group communication leads group members to act as one agent
when making decisionLontribution decisions made by groups in treatment 3x5 C are not
different from those made in treatment 1x1 G.

Result 3:Prediction3 is supported.

Figure 3: Data comparison between 3x5 NC sessions and 3x5 C sessions
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When we permit communicatiothe behavior is well approximately the 1x1 Game
that modelsthe small group and the large group each as one agehe competition. The
average large group contributioaad the outcome of the gamee not significantly different
from the 1x1 Game prediction¥he average small group contributions arenigicantly higher

than thepredictionthough which may reflect some namonetary utility that is not captured by
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the standard economic mod®& The average individual contribution rand the average
earningsand the probability of winning the game aignificantly higher in large groups than in
small groups, consistent with the prediciohhe winning percentage of larggoupsincreases
from 56.7%6 in the 3x5 NC treatmenod 88.3%in the 3x5 C treatmenthe observed distributions
of contributions inthese two treatments are quite different (FigureB3ysed on thgrouplevel
data, relative to the treatment 3x5 NC, with communicativetamge contributionand average
earningdecrease signifantly in small groupand increase significantly in large gps®’

Figure 4: Data comparison between 1x1 G sessions and 3x5 C sessions
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Thus communication does significantly improve coordination. Is there any
miscoordination left? Comparing treatments 3x5 C and 1x1 &)nWhitney tests report no
significant dfference in average group contributions, average group earnings in both types of
groups and the probability that the large group wins the competftiaiso, the observed

6 One sampleWilcoxon signeerank testagainst the 1x1 Game predictiop-value= 0249 for large group
contributions,p-value= 0115 for the probability that large groups win the gapwalue=0.0Z for the average
small group contributions andyalue=0.463 for the average small group earnings.

" Comparing small groups and large groups in3k C treatment, Mankhitney tests (m=n=6) report significant
difference on average individual contribution rate, average earningsianthgvpercentagepfvalue<0.01 for all
comparisons). Relative to the treatment 3x5 NC, there is significznetai® in contributions, earnings for the large
group and significant decrease in average contributions and average earnmgh graups (ManfWhitney tests
m=n=6, pvalue<0.02 for all comparisons).

18 MannWhitney tests, n=7, m=@-value=067 for small graip average contributionp;value=017 for large group
average contributionsp-value=039 for small group average earnings,value=1.00 for large group average
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distributions

of contributions in both groups in treatment 1x1 G and treatment 8r& Gp

closely (Figure 4). Thus grougecisionsare not significantly different in the presence or absence

of theinternal conflictas long as groups have the opportunity to communitatether words,

communication is so effective that it completelyves the miscoordination problem within

groups.

The comparison betweeme reatment 1x1 | andhe treatment 1x1 G allows us to

examine whether groups behave differently from individualhough early research provides

compelling evidence that group decisions are different from individuals, the questiontbémwhe

groups are more competitive than individuals is still unresolved. The last pyadatows.
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Figure5: Data comparison between 1x1 G sessionsand 1x1 | sessions
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Prediction 5: Contributicn decisions made by groups in treatment 1x1 G are different

from those made by individuals in treatment 1x1 I.

Result 5:Prediction5 is not supported.

earningsp-value=0.8 for the probability that the large group wins the competition. Allrésailts hold if we use t
tests with unequal variances or robust rank order hests
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On average, no differencéen terms of group contributions, group earning and the
outcome of the gamés observed when two individuals instead of two groups played the 'Jame.
The similarity of the frequencies of contribution in the two treatments (Figur@réyides
additional support of this result.

To further support our results, we estimated panel regressions for each geuphtge
the dependent variable is group contribution per period in specificgapasd (b) and group
earnings per period in specificatioftg and (d)(Table 5). The independent variables are always
a constant, a period trendhcatreatmentdummnies. Estimation assumesandomeffects at the
grouplevel ard uses robust standard errofse constant captures the mean group contribution
(or mean group earnings) in the treatment 3x5 C.

Consistent with the results based on-panametic analysesmean group contributions
and mean group earnings in the treatment 3x5 NC are significantly diffesen the other three
treatments. All the other pairwise comparisons report no significant diferen

Table5: Random effects regressions on group contribution and earnings

Small Large Small Large
Dependent Group Group Group Group
variable Contribution Contribution Eamings Earnings
(a) (b) (© (d)
1x1 G -0.23 -0.22 0.48 -0.02
(0.218) (0.137) (0.467) (0.497)
Ix1 | 0.14 -0.18 0.09 -0.06
(0.218) (0.145) (0.457) (0.451)
3x5 NC 0.85** -0.93** 3.20**  -3.12**
(0.274) (0.128) (0.652) (0.783)
1/period 0.13 0.55** -1.64** 0.97
(0.300) (0.169) (0.603) (0.515)
Constant 1.04** 3.60** 3.65**  17.70**
(0.187) (0.110) (0.364) (0.370)
Observations 700 700 700 700
No. of groups 35 35 35 35

Note: Robust standard errors in parentheses, clusters on groups.
Statistical significance ** p<0.01, * p<0.05.

¥ MannWhitney test, n=16, ni& p-value= 030 for small group contributiongp-value= 057, for large group
contributions p-value= 026 for small groupearnings p-value= 089 for large group earningg-value= 071 for the
probalility that the large group wing&kesults hold if we use parametric t tests or robust rank ordehé&zsts
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Even though average group contributions do not difédweernthe 3x5 C, 1x1 G and 1x1
| treatments group behavior might be more heterogeneous in some treatments than others
because of different group dynamics. Figure 6 displays the average group dontaigubss 20
periods for each group or individual pair bygatment.Each bar represents one independent
observation, either @ompetition betweertwo groupsin the 3x5 NC, 3x5 C and1xl G
treatments, orma competingpair of subjects in thdreatment 1x1l. Although considerable
heterogeneity exists across groupste that the distribution of average large group contributions
in the 3x5 NC barely even overlaps with the other three treatments. Pairwiserisompaf
coefficients of variations indicate thdtere is morgless) heterogeneity across largemall)
groups in the treatment 3x5 NC compared to others (Mann Whitney tests, p<N®5)
significant differences observed between the 3x5 C, 1x1 G and 1x1 | treatments.

Figure 6: Heter ogeneity across groups by treatment
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Average Group Contribution
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6. Content Analysis

At this point weknow that communication reducesiscoordinationand leads group
members to act as one agent in making decisions. This brings us to the heart ofethemmeait
kinds of messages are linked to this effect? Do large grexgdsange different messagbsin
small groupsDoes same type of messages shape behavior differently in large groups than
small groups? We use content analysis to answer this question.

We implementedthe following procedure to systematically quantify the recorded
messages. First, we randomly selected a test samplehegpilot sessions to develop a coding
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scheme which classifies messages into different categories. Second, we eempiay
undergraduate coders, trained separately, to independently read and aHssifgssages
accordilg to the coding scheme. They were not informed aboutoénlge hypotheses of the
study. We implemented binary codirg message is coded as a 1 if it is deemed to contain the
relevant category of content and 0 otherwise. Catefydrgs six swzategoriesCoders are free
to code a message under as many or fewcatdgories as they desire.

Cohen’s Kappa K is used to measure reliability of coding, whicntifies agreement as
the proportion of the difference attained between perfect agreement and cheeweeat.
Kappa takes a value of 0 when the agreement is consistent with random chance, amdht whe
coders agree perfectli{appa values between 0.41 and 0.60 are considered moderate agreement
and those above 0.60 indicate substantial agreement (Landis and Koch, 1977). Except two
categorieqcategory 1e and category 11, Tablett@t are rarely codedappaindicates either
substantiabr moderateagreemenin our coding The two categories that are beltive moderate
agreement threshold are not includiedhe regression analyses

Table6 reportsthe frequency of codingsdereachcategory inthe treatment8x5 C and
1x1 G average across two codefhe most frequently coded category is category 1 in both
treatments. It codes messages that coordimatwidual choices by some specified decision
rules, occurring for more than 35% of the time in both types of groups. The scatagories
under category 1 help us to identify the different strategies groupseddoptoordinate their
members’ behavioin thetreatment 1x1 G, large grosipypicallyused majority rule to reach the
unanimous decision as shown in the followmgptes “group strategy proposal: if our decision
is not agreed on the first round, we do NOT want to get caught with our pants/dtmgn“0”
because of disagreement.... so if somebody disagrees, go to the most voted number.” Thus, we
observe more messages falling into category 1d (Agree with group membegps'sals) and
category 1f (Push for consensus on the contribution levéfheitreatment 1x1 G relative tihe
treatment 3x5 CNone of the groups in our experiment failed to reach a unanimous decision and
groups took at most 3 attempts to reach the unanimous dedikisisupportsGoeree anariv
(2011)’s finding that once commication is available, outcomes are similar between majority

and unanimity voting rules in jury decision.
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Table 6: Comparison of coding frequencies by treatmentsand group types®

, _ 1IX1G 3x5C

Coding Category Description Large Small Large Small
1 Coodination on the contribution level for the current peric 43.6% 36.4% 52.1% 41.3%
la Propose a specific contribution level 6.7% 8.9% 3.5% 11.8%
1b Ask for the opinions of other group members 15% 29% 3.3% 4.3%
1c Disagree with group members' proposals 42% 2.6% 2.8% 1.9%
1d Agree with group members' proposals 28.7% 19.1% 13.4% 20.7%
1e Propose to rotate or explicitly designate contributors and N/A N/A 29.8% 0.4%*

non-contributors
1f  Push for concensus on the contribution level 3.0% 3.0% 1.4% 1.8%
Appeal to fool the other group across periods (be

2 unpredictable, to trick others, pretend to be predictable) 7.0%  9.3%  6.5% 7.4%
3 \I)/iI:VI;e choices by reasoning from the other group'’s point c 70% 11.6% 4.5% 13.0%
4  Discussion about benefits for own group 84% 7.9% 5.5% 6.5%
5 Discussion about benefits for the other group 12% 1.7% 0.8% 1.2%

6  Reference to the previous choices of own group 34% 45% 2.1% 6.0%

7  Reference to the previous choices of the other group 24% 3.0% 7.1% 4.9%
8 Reference about the size asymmetry 48% 2.0% 3.1% 1.7%
10 Appeal to play safe 21% 3.9% 2.5% 3.8%
11 Appeal to take risks 0.7%* 1.5%* 0.4%* 0.4%*
12 Other Messages 29.0% 28.6% 19.0% 24.2%
Number of Observations 3146 2029 2104 1432

Note:* Codesdid not reat the 0.41 Cohen’s Kappa reliability threshold and are excluded from the
regression analyses.

On the other hand, ithe treatment 3x5 Ceachlarge groupproposed a rotatiostrategy
to designatecontributors and/or neoontributors in the first period. Tis strategy was
implemented in the first period in 4 out of 6 groups, in the second period in one group and in the
third period in the other groughe following messages were sent in a large giaupe first
period “if one of us holds individual we Wimaximize what we can make cause they can’t get
more than 3, take turns according to rounds and don’t be selfish; member 1 hold everyone else

group, we will rotate to 2 next time and so on”. This strategy was followed froiwdpkrto

?n treatment 1x1 G, category 1 refers to "Propose how many tokens tibetEntis agroup” while in treatment
3x5 C, it refers to "Propose how many people contribute to the group accountkaegydo the individual account”.
Subcategory 1e and subcategory 1f only apply to treatment 3x5 C. Messdggyptal to play safe under catggo
10 are associated with contributing O tokens in the sgrallp and contributing 4 tokens in the large group. By
contrast, messageghich appeal to take risks under categofyrmiean to increase contributions in the small group
and decrease contributioimsthe large group.

21



period 4.After sucessfully discouraged the small group from contributing anythimgeriod 5

a new ideawas brought up: “hey...for this round only 1 person should put it into the group
account...everyone else the other...coz they are always 0”. The largedg@dpd to contribute

1 token instead of 40 optimize group earningand they rotated to be thenly contributor to
equalize individual earnings. By contrast, small gsotgrely rotated or explicitly designated
contributors anar norrcontributors. &all groups contribted everything 57% of the time and
nothing 326 of the time.

Another common strategy adopted by both types of groups is to fool the other group
across periods. A typical quote from large gmupthetreatment 3x5 C is “We need to bet 4 for
several round$o make them confident we won’t budge, and then while they are betting zero,
we’ll bet 1 for 1 round and get lots of earnings, and then go back to betting 4. So let’s start off
doing 4 for the first several rounds. We need to get them to establish esodidts of zeros.” A
typical quote from small grougas “that’s why if we are going to do it [everyone contributes] we
have to be completely random.” These messages fall into category 2. This inthabsesjects
understod the essence of mixed strigyeequilibrium and fed to implement their decisions in an
unpredictable way across periods.

To decide the contribution level, grouggent a fair amount of timeasoimg from the
other group’s point of view in both treatmeftategory 3) For examplein thetreatment 1x1 G,
after observing a “1 token” choice afsmall groupin the last period, one member in the large
group said “ok they are going for a 0 now sure, let us go foAddther member responded
“Remember!: they are thinking the exact sathemg we are, 4 is our only guarantee. They
[small] think we think they’re gonna put 0, so they'll try 3, let’s just sticthwi’. Thus category
3 reveals the strategic sophistication of the subjects. It provides evidendkef LevelK
thinking model (Crawford and Iriberri, 2007a, 20Q.7b

Note, in both treatments, proportional to all the messages exchanged, smallsgmaups
more messages about being unpredictable and reasoning from the other group’s yieint of
relative to the large group$: Thus b compensate for the size disadvantage, small groups relied
moreon being strategic and best responding to other group’s decisions.

2L Comparing small groups and large groups in both treatmemissample tests of proportion report significant
difference in percentage of messages falling into categories 2 andaBigx0.01) except category 2 in the 3x5 C
treatmaent.
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Discussions about monetary benefits were coded under detegér and 5.
Groupsdiscussed more abotkteir own group beneftthan the other group® They specified
payoffs associated with all potential strategies. For exangplarge groupmemberin the
treatment 1x1 Gaid “so if do 1 and win we get 4.4, if we 4 & win we get 3.8 & ifwe do 1 &
lose we get .67; “if we chas®e 3 and win, we get an extra nickel, if we choose 3 and tie, we lose
80 cents.” This suggests thatreinforcement learning model which assumes subjects know
absolutely nothing about the forgone or historical payoffs from strategiesdlithapt choose ia
poor model bytself of group learning (Ereand Roth, 1998).

Moreover, the reference to the previous choices made by the other(gedegory 7)
suggests that subjects updahteeliefs about what other group would do based on history and
usedthose leliefs to determine which strategies are the best. Typical quotes in langes gro
falling into this category are: “they never did 3 or O three times a rowebgfddast time we did
1 they tried beating us for like 5 rounds dftex Belief-based learninghodel seems to capture
the databetter given this direct evidence that players look back at what other players have done
previously and also give weights to forgone payoffs froathuwsen strategies (Crawford, 1995).
When groups referred to their owaldces in the previous roundgategory 6) they either
cheered fothe success, “our group rocks” or regretted deeision “Damn it, | told you guys 1
wouldn’t work, stick with 4.” This echoes the impact of communication on the saliencgwys gr
identity (Sutter, 2009).

Just because a category of messageused frequently doesn’t necessarily mean it
accomplishes muchWe estimategbrobit regressions on the contribution decisions made in large
groups and small groupgugmented with the reliablyoded caggories of communication from
Table6. The dependent varialsles whether or not large grogpontribded 4 tokens (Table 7),
small groug contributed 3 token@able 8, Model 1pr Otokens (Table 8Viodel 2)in a given
period. The independent variable® dhetotal value of codings afhe messages coded under
each category i given period. Specifically, the value of codings is treated as 1 if twascode
agreed that a message belongs to a given category, O if the two coderstlzafreethessage
does not belong to a given category and 0.5 if two coders disagreed with each otheno We als

include three lagedvariables.They arethe opponent groups’ contribution decisions in the last

2 Two sample tests of proportion report significant difference in peagerof messages falling into categories 4
and 5 in both treatments and both groupsglue<0.01).
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period,andthe value of codings of category 2gpeal to fool the other group across perioits”

the last two periodsSessiondummies and a time trend variable (expressed as 1/pasiod)
includedas well. Standard errors are corrected for clustering at the group Lex¥elsfirst
discuss the marginal effects of the messageshanged upon large groups’ decisions of
contributing4 tokens. In the treatment 1x1 G, messages about being unpredictable to fool the
other group across periodsategory 2)are associated with higher likelihood of choosing 4
tokens. In the treatment 3x5 C, the contribution decisions are not affected by tlssagasesent

in the current period but from two periods ago. The significantly negativécesetf of the 2
period lag variable captures a typical miplriod strategy that large groups follow&ét us do

4 for 2 to3 rounds and then drop to 1.” In the 3x5 C treatment, coordination via the rotation
scheme (category 1le) and the reference about the size asymmetry (categorgff@ctawe in
reducing miscoordination and making groups act as one agent.

Table 8 reports the marginal effects of messages on small grodesisions of
contributing 3tokens and tokensWhen small groups appeal to fool the opponent (category 2),
they don’t increase their contributions immediately but rather wait pari@d (Model 2 in 1x1
G). In treatment 3x5 C, the more time small groups spent on reasoning from therotipes g
point of view (category 3), the less often thegntributed 3 tokensnd the more often they
contributed O tokens.

Several other categories messages have significantpacton groups’ decisions across
treatments.Large groups who reach agreement (category dm less likely tocontribute 4
tokens, suggesting thakplicit agreemenis elicited forreducingcontribution levels and groups
who appeal to play safe (category 10) are more likely to contribute 4 tokens to semure
(Table 7). As expected, these messages related to small group decisions in ap@esite
way: explicit agreement is elicited for competing aggressively (cayebdy and appeal to play
safe (category 10) leads to abstain more from competition (Tabkls®), discussions about
monetarybenefits (caggories 4 and 5) increase small graoptributionsbut reduce large group
contributions This is because these discussions emphasized the fact that the individual share of

the prize in small growgas bigger than in large groups.
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Table 7: Probit regressions on large group contribution decisions

Dependent variables:
1=thelarge group contributed 4 tokensin a given period,

0= otherwise xX1G 3x5C
Independent variables:
Coding Categories
la Propose a specific contribution level -0.007 0.180*
(0.014) (0.079)
1b Ask for the opinions of other group members -0.096 -0.136
(0.059) (0.076)
1c Disagree ith group members' proposals 0.035 (0.018)
(0.019) (0.067)
1d Agree with group members' proposals -0.032*  -0.100**
(0.008) (0.024)
le Propose to rotate or explicitly designate contributors and (ortantributors 0.024*
(0.011)
1f Push for consensus on the contribution level -0.023 -0.082
(0.036) (0.078)
2 Appeal to fool the other group across periods 0.068** 0.017
(0.013) (0.030)
3 Make choices by reasoning from the other group's point of view -0.025 -0.009
(0.021) (0.032)
4  Discussion about benefits for own group -0.026 -0.012
(0.020) (0.051)
5 Discussion about benefits for the other group -0.065  -0.473*
(0.054) (0.173)
6 Reference to the previous choiceowi group -0.009 -0.024
(0.021) (0.023
7 Referere to the previous choices @bponengroup 0.001 -0.102
(0.050) (0.080)
8 Reference about the size asymmetry -0.012 0.128**
(0.024) (0.035)
10 Appeal to play safe 0.041**  0.267*
(0.013) (0.102)
11 Other Messages 0.009 -0.03
(0.007) (0.015)
1/period 1.000* 1.008
(0.494) (0.690)
Small group contribution in the last period 0.085** 0.023
(0.023) (0.031)
1-period lag: Appeal to fool the other group across periods 0.002 -0.051
(0.015) (0.031)
2-period lag: Appeal to fool the other group across periods 0.011 -0.131**
(0.017) (0.037)
Number of observations 126 108
Log likelihood -48.77 -44.5

Notes: marginal effects; Robust standard errors in parentheses, clusters on groups.

Statistical significance ** p<0.01, * p<05.
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Table8: Praobit regressions on small group contribution decisions

Dependent variables:

Modéd 1. 1=the small group contributed 3 tokens X1 G 3x5C X1 G 3x5C
in a given period, 0= otherwise
Model 1 Model 1 Model 2 Model 2
Modéd 2: 1=the small group contributed O tokens (3tokens) (3tokens) (Otokens) (Otokens)
in a given period, 0= otherwise
la Propose a specific contribution level 0.109** -0.053 -0.104** 0.021
(0.038) (0.028) (0.037) (0.061)
1b Ask for the opinions of other gop members 0.032 0.115 -0.172* -0.086
(0.075) (0.066) (0.079) (0.127)
1c Disagree with group members' proposals -0.015 -0.147* 0.023 -0.215**
(0.079) (0.061) (0.100) (0.048)
1d Agree with group members' proposals 0.03 0.083** -0.046 -0.052**
(0.016) (0.019) (0.033) (0.020)
1f  Push forconsensusn the contribution level 0.015 -0.23 -0.056 0.263
(0.046) (0.139) (0.085) (0.208)
2 Appeal to fool the other group across periods -0.048*  -0.118* 0.083* 0.041
(0.022) (0.043) (0.035) (0.062)
Make choices by reasoning from the other group's pc
3 of view -0.024  -0.093* 0.024 0.157*
(0.028)  (0.048) (0.029) (0.080)
4  Discussion about benefits for own group 0.043* 0.042 -0.071** -0.101
(0.021) (0.028) (0.020) (0.053)
5 Discussion about Imefits for the other group 0.048 0.217** -0.088** -0.005
(0.033)  (0.056) (0.030) (0.079)
6 Reference to the previous choiceswin group 0.037 -0.002 -0.003 0.001
(0.024)  (0.023) (0.017) (0.028)
7 Reference to the previous choicestef opponengroup  -0.025  0.066** 0.001 -0.127**
(0.023)  (0.021) (0.024) (0.043)
8 Reference about the size asymmetry -0.007 -0.102 0.062 0.004
(0.017)  (0.071) (0.0412) (0.107)
10 Appeal to play safe -0.023  -0.155* 0.037 0.129*
(0.033) (0.041) (0.0412) (0.059
11 Other Messages 0.001 -0.011 0.004 0.013
(0.015)  (0.008) (0.015) (0.009)
1/period -0.1 0.383 0.69 -1.290**
(0.352)  (0.560) (0.699) (0.454)
Large group contribution in the last period 0.019  -0.205* -0.042 0.318**
(0.029) (0.048) (0.045) (0.057)
1-period lag: Appeal to fool the other group across
periods 0.03 0.048 -0.053** -0.09
(0.019) (0.034) (0.014) (0.055)
2-period lag: Appeal to fool the other group across
periods 0.019 0.034 -0.022 -0.036
(0.014)  (0.034) (0.026) (0.052)
Number of observations 126 108 126 108
Log likelihood -55.87 -38.7 -53.12 -49.62

Notes: marginal effects; Robust standard errors in parentheses, clusters on groups.
Statistical significance *** p<0.01, ** p<0.05, * p<0.1.
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7. Conclusions

This paperexaminesthe effects ofwithin-group cheap talkcommunication in a
competition between two uneqtsked groups over a publgood prize We find thatwithout
communication, large groups could only win the game about half of the time despite its si
advantge. This is because membaflarge groug had problemscoordinating onwho was
going to contribute sinciney only needed 4 out of 5 members to contrilbut®in. Oncewithin-
group @mmunicationwas available even though it is cheap talk, significartly increases
contributions in large growgmand deters contributions in small greyfeading tolarge groups
winning 90% of the time Moreover, outcomesn the communication treatmerdre not
significantly differentwhen thewithin-group conflictwas remoed by asking groups to make a
unanimous decision on how much to contribanel shag the cost of contribution equallyhus
communication is so effective that it completely eliminates miscoordinatidnmake group
members act as one agent

Integrating esearch methods drawn from sociology and economics, we analyze the
content of communication to provide insights into behawasrsubjects articulate their strategies
in the chat.The categories of messages tihatve significant impact on groups’ ability to solve
internal conflict and strategize against the opponent griogpsie messages proposing to rotate
or explicitly designating contributors; messages appealing to fool the other grogp periods
and messages regarding making choices by reasoning from the other grouipdsé piew.

While more confident conclusions await further research, we can note preyiminar
implications of our results for this setting. In particular, our findings indiths when
individual and group incentives can be aligned toward the competition against oppougst g
within-group cheap talk communication is an effective mechanism to coordinate bednayior
make group members act as one agent in decmsalang. However in asymmetric competitions,
the small group is worse off with this powerful tool becatsability to solve internal conflict
helps the large group to exploit more tife size advantage. Thus the large group benefits from
communication at the expense of the small one.

This paper opens wgeveral avenuetor furtherresearch.

First, the experimental environment implemented the classitat participation game
which has been widely used toodel two levels of conflicts faced bgompeting groups to

influence public policyor political outcome. Can communication be as effective in other types of
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group competitionsFor example, will we observe similar effects when group members are
asked to decide how much to contribute instead of whether or not to contifiiotefessions
we hare conducted suggest that the general conclusion of our paper stands. After gegeralizi
the binary strategy space to continuous strategy space, group contestditeravides a natural
test bed to check the robustness of our resWlili.the introductionof communication change
behavior in a similar way in the following environmengsoup contestsvith different prize
structure & pure public good, a private good or a mixture of private and public goods, Nitzan and
Ueda 2009, 2010), different contest success function (Tullock probability function, Tullock
1980, different types of asymmetryaphdomly and publicly select one group beforehand to be
the winning group in the case of a tie, Bornstein et al., 2@0&)

Second, w report no difference beeen our unanimous group decision treatment 1x1 G
and individual decision with communicatitreatment3x5 C. This novel comparison allows us
to observe that communication not only improves coordination but to the extent that there is
miscoordination left. This is a much stronger result than the ones documented in the
experimentalliterature It is important to understand what drives this strong effect. In our
experimentthe size asymmetrgnd the “impure” public goodrize — the value of the prize to
eachindividual is smaller inthe large group than inhe small group— create a more sewer
coordiration problem for the large group. Thus the large group has more incentives to increase
the effectiveness of communication as a coordination device. This contributes to tissidrsc
aboutthe groupsize paradox which posits that large groups are less effective to provide public
good because of the more sevFeeriding problems (Olson 1965). Our findings suggest that
larger group®xploit the effect of cmmunication to the full extemirecisely because of the more
severe coordination problems. With communicationals groups areactuallyworse off When
the provision of a coordination device is a choice Watld be adopted upon the agreement by
every canpetinggroup, small groups may deliberately chooskntit theaccesgo it.

Third, without communicationLevine and Palfrey (2007#eport that theexperimental
dataconfirm the comparative statics predictions about'sieg’, “underdog” and tompetitiori
effects of the Palfrey and Rosenthal (1983) mod&pendingon the degreefaasymmetry in
group sizes, communication may attenuate or exacerbatartierdog”effect, i.e the tendency
of small group members to participate mdrequently than drge group members Likewise

communication may reinforcghe competitioh effect that predicts increasedrticipationrates
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when the degree of grotgize asymmetry becomes smallgérwould be interesting tadentify
the critical relative size difference that would sustain the group size advanteigie
communication Communication may also interact with theizé' effect, which predicts that
keeping fixed the relative group sizes, participation rates fall when ggatsgger.

Last another factor that might hinder the effectiveness of communication is the
availability of other communication channeBornstein et al.1989,1992) investigate between
group communication in a ofshot intergroup public goods gae played between twedayer
groups. They show that the possibility of communication withgoatip members considerably
lowers the irgroup member’s ability to solve the internal free rider problems. Sutter and
Strassmair (208) find thatwith betweergroup communication, there is significant decrease in
effort levelsdue to collusionin team tournamentelative to effort levels when withigroup
communication is alloweddow individual and group decisions would alter accordingithin

and between group communicatiofrastructuregappears a promising topic for future research.
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Appendix |: Expected Payoffsin the 3x5 Game

The expected payofiif contributingEV;* (Contribute) for anyplayer i in Group A is:
ng-1

r
EVA(Contribute) = ?A z (

j=0

nA_].

. . n . .
;)R- () aivia - qret

ng—1

+r, Z (n“j_ 1) pi(1 —p)rai-t (n]B) @'(1 — )

j=0

ng—-1j-1

+ 1, Z Z (nA P 1) pi(1—pyrait (1F) gk — g

j=1 k=0

This expression is the sum of three components. The first component is the expected

payoff assoiated with a tie, i.e., by contributing, playiewill change a losing situation into a tie
and get%“; the second is the expected payoff associated with winning the contest, i.e., by

contributing, playet can break the tie and lead his or gevup to a victory and gej units of
rewards; and the third is the expected payoff associated with a wasted camtyituti,
excluding playei, the number of contributors in Group A has already exceeded the number of
contributors in Group B. Pyari’s decision of contributing or not will have no effect on the
outcome of the contest.

The expected payoff of NOT contributidy;*(Not to Contribute) for any player in

Group A is:
ng—1 npg
EVA(Not to Contribute) = e Z Z (nA ]_ 1) p'(1—p)ra-i-t (nkB) q“(1 — @)k
720 k=j+2
ng—1
n, —1 . i n . i
+EZ ( A]_ )p](l—p)nA J 1(] +Bl)q]+1(1—q)nB -1
=0
ng-1
Ta na =1\ g — pyna-ic1 (MBY gic1 — qyne-)
+(e+2)2< ]- )p(l p)™ (]-)q(l Q"
Jj=0
ng-1j-1
erry Y > (M pa-pra () gk - e
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This expression is the sum of four components. The first two components are the
expected payoff associatadth a loss when playerchooses not to contribute: in the first case,

Group A will lose the contest even with player input; in the second case, playevill miss
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the opportunity to tie the game if he or she chooses not to contribute. The third component is the
expected payoff associated with the case when excluding plaier number of contributors in

Group A has already tied the number of contributors in Group B. By not contributing, player

saves his endowmeatand gets to share half tife prizer?“ for a tie. The last component is the

expected payoff associated with the case when plag@ids wasting his endowment by not
contributing because excluding playethe number of contributors in Group A has already
exceeded the mber of contributors in Group B.

Similarly, we can get another function P:9 for players in Group B such that
EVE(Contribute) — EVZ(Not to Contribute) = 0, where the expected payoff of contributing
EVE(Contribute) for any playet in Group B is:

ng—1

r
EVE(Contribute) = 78 Z (

j=0

Np —

1 . L n . .
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And the expected payoff of NOT contributiBd;? (Not to Contribute) for any playen

in Group Bis:
ng—1 ngy
EVE(Not to Contribute) = e Z Z (nB]._ 1) g1 —qrs-1t (nlf) pX(1 — p)rak
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With two functions and two unknowns, we can numelycablve the mixed strategy

equilibria.
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Average Group Contribution

Figure Al: Average Group Contribution by Treatmentsin Part 1 and Part 2
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