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Abstract

We analyze a group contest in whinhgroups compete to win a group-specific
public good prize. Group sizes can be different amyglindividual player may value the prize
differently within and across groups. Players expeawostly efforts simultaneously and
independently. Only the highest effort (the besitskvithin each group represents the group
effort and the winning group is determined by a tesh success function. We fully
characterize the set of equilibria and show thatny equilibrium at most one player in each
group exerts strictly positive effort. There alwagssts an equilibrium in which only the
highest value player in each active group expendgipe effort and the contest is reduced to
an individual contest betweendividual players. However, there may also be ldapia in
which the highest value players completely frees rah others by exerting no effort. We
provide conditions under which this can be avoided discuss contest design implications.
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1. Introduction

Groups often confront each other in order to wirprize. Individual group members
contribute costly efforts to the ‘group effort’ vahi can increase the probability of the group
to win. The prize can be of a public-good naturéhim sense that every group member of the
winning group earns the prize even if some of tldmnot contribute to the group effort.
Examples of this setting include sports events betwteams, rent—seeking contest between
lobbying groups, electoral confrontation or wamgetn coalitions.

Aside from a few exceptions, most studies on castestween groups assumeenfect-
substitutes group impact function in which a group’s effort is determined by the som
individual efforts in that group.In this article we introduce &est-shot group impact
function where individual group members expend costly &ffosimultaneously and
independently, but only the highest effort witheck group represents the group effort. We
characterize the complete set of equilibria, shbe tequired restrictions for equilibria
selection and discuss the relevance of the results.

Best-shot impact functions are readily observedtha field, e.g. sporting events,
industrial structures and defense mechanism. Anspogting events, racing contests such as
cycling team events likéour de France or car race liké-ormula 1 have the features of best-
shot contest. Although each member of a team jjzates separately in the contest, if any
member of the team finishes first, then it recdhdswin of the whole team. Team archery or
shooting contests have similar features in whicérdily the best-shot among the team
members determines the fate of the whole teamndlustrial organization, the case of
competing Research Joint Ventures (RJVs) can besa example of the aforementioned set
up. If a member of the joint venture can make d lggality innovation then it benefits the
whole RJV, but other lower quality innovations patth by members of the same RJV or
competing RJVs get obsolete. Similar logic appleesompetition for patent pools (e.g. 4G
mobiles), where the main patent (best-shot) previdest competing features of a particular

patent pool. The best-shot public good structumse well documented and discussed in the

1 A function that translates individual group memlediorts into thegroup effort is called agroup impact
function. The literature on group contest originated witie twork of Katz et al. (1990). Katz et al. use
symmetric players within each group, perfect-subtgts group impact function (as in Bergstrom eil8B6, in a
public good game setting), and lottery contest esgdunction (Tullock, 1980). Most studies on grooptests
use the perfect-substitutes impact function (Baf893; Baik and Shogren, 1998; Baik et al. 2001kB2008;
Minster, 2009). However, recently, the weakest-limjpact function, where the minimum effort among th
group members represents the group effort, has &ealgzed by Lee (2009). Also, Kolmer and Rommekelin
(2010) analyze the group contest using a ConstastiEity of Substitution impact function.
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defense economics literature. Competing defensditiona, such as théNATO and the
Warsaw Pact, follow the best-shot technology in which the bestformance of the coalition
member determines the performance of the wholeitmal(Conybeare et al. 1994). The
same story holds for inland security coalition coisgd of different independent bodies such
asCIA andFBI, or in the context of system reliability (VariarQ@). The results show that in
a defense or system reliability coalition, in thgudibrium the highest valuation group
member expends strictly positive effort and theeatHree-ride by expending zero effort. It is
important to emphasize, however, that defense evmsostudies do not explicitly investigate
best-shot contests.

A behavioral background for the best-shot impaatcfion is given in Baik and Shogren
(1998). Clark and Konrad (2009) use best-shot impatction as the attack mechanism in
the context of terrorism. Topolyan (2011) appliestsshot technology to portray extreme
form of free-riding behavior in an all-pay auctibbetween two groups under symmetric
valuations. Sheremeta (2011) uses best-shot antbieg impact functions to experimentally
investigate group contests, without general themaetanalysis. Therefore, the current
literature on contests does not provide a thoraugllysis of the best-shot group contests.

In the current article we characterize the compdeteof equilibria for the best-shot group
contest and show that in each equilibrium only pfeyer in each group expends strictly
positive effort whereas all the other players frigee- by expending zero effort. However, the
unique player need not be the highest valuatiougrnmember in the group. There are
perverse equilibria in which a player with value less thie highest value player in a group
expends strictly positive effort and the highestugaplayer in that group free-rides by
expending zero effort. We rank the possible seediilibria, show the conditions under

which the perverse equilibrium can be avoided asduds the possible contest design issues.

2. The Model

Consider a contest in whicl > 2 groups compete to win a group-specific public-gpdde.
Group g € N, whereN = {1,2,...,,n} is a set of groups, consists of, > 2 risk-neutral
players who expend costly effort to win the prize.

The individual group members’ valuation for thezprmay differ within group and across
groups. This intra-group asymmetry in values cam lbesult of player asymmetry, but it can

also be interpreted as an exogenous sharing ruteeofyroup-specific prize, in which the



prize-shares among the group members of a groupliieeent. Letv,; > 0 represent the
valuation for the prize of playerin group g. Without loss of generality assumwg;_qy =
vge formg =t > 1, andv_1); = vy forn =k > 1. Let x;; = 0, measured in the same
unit as the prize values, represent the effortllexpended by playei in groupg.

Next we specify the group impact functions@s]RTg - R,. Therefore, the group effort
of group g is given byX, = f;(xg1,Xg2, ...,xgmg). The following assumption defines the
best-shot technology:

Assumption 1. The group effort of group is represented by the maximum effort level
expended by the players in grogpi.e. X, = max {xgl, Xg2s ...,xgmg}.

To specify the winning probability of group, denotep,(X;, X, ..., X,): R} — [0,1] as
the contest success functidssumption 2 specifies the regularity conditions fpy,.
92py

dpg 0%pg

- _ _q1 9 9pg
Assumption 2. p,(0,0,...,0) =1/n, ¥,p, =1, T >0, ox <0, 3%y = 0, o2 >0
2
where k,ge N and k #g. Furthermore,% >0, % <0 for some X;, >0, and
g g
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We assume all players forgo their efforts and thaye a common cost function as

described byAssumption 3.

Assumption 3. c:R, - R, is the common cost function of effort with the léoVing

dc(xgi) >0 azc(xgi)

> 0.
0x g axy,;

properties:c(0) = 0,

Only the members of the winning group receiveghee, while all other players receive
nothing. Letm,; represent the payoff for playérin group g. Then, under the above
assumptions, the payoff for playérn group g is

Tgi = Vg Dg(X1, X2, o, X)) — c(xgi). Q)
Equation (1) along with the three assumptions ts the best-shot group contest. To close
the structure we assume that all the players in dbetest choose their effort levels
independently and simultaneously, and that alhefdbove (including the valuations, group
compositions, impact functions, and the contestasg function) is common knowledge

among the players. We employ Nash equilibrium assolution concept.



3. The Equilibria of the Game
We use the following definitions throughout our lyses.
Definition 1. If player i in group g exerts strictly positive effort, i.exy, > 0, then the
player is calleactive. Otherwise (when,; = 0) the player is callethactive.
Definition 2. If at least one player in group exerts strictly positive effort, i.eX, > 0, then
group g is calledactive. Otherwise (wherk, = 0) then the group is callédactive.

Now we statdemma 1.
Lemma 1.In any equilibrium at least two groups are active.
Proof: Suppose there exists an equilibrium in which ladl groups are inactive. In such a
case, from equation (1), the payoff of playein group g is vy;/n. Now, suppose the player
exerts an infinitesimal effort > 0 instead of being inactive. Then the payoff becomes
vg; — c(€) > vg;/n. Hence, all groups being inactive can never beequilibrium. Now,
suppose there exists an equilibrium in which onigug k is active. In such a case, from
equation (1), the payoff of playeérin group g is 0. Now suppose the player exerts an effort
xg; > 0 instead of being inactive, wherg; is the best response of playein group g
againstX, in the standard two-player individual contest (@ck, 1980). Consequently, the
payoff becomespyv,; — x4 > 0. Hence, only one groups being active cannot be an
equilibrium either. Hence in any equilibrium theme at least two active groums.

Assumption 1 gives rise td_emma 2.
Lemma 2.1n an equilibrium only one player in each group, if any, will be active.
Proof: Suppose in an equilibrium more than one playey, gayersi andj, in groupg
exert strictly positive efforts withcg; > x,; > 0. Hence the payoff of playef, under
Assumption 1, is ;= vg; pg (X1, o, Xgo1, Xg0 Xg41, -, Xn) — ¢(xg;). In such a case it is
always beneficial for playej to reduce effort to zero and increase payoff #fj; =
Vgj pg(Xl, s Xg—1) Xgi Xg 41, ...,Xn) > mg;. Hence more than one player in the same group
expending strictly positive effort can never besguilibrium.m

This result is isomorphic to the best-shot all-@ayction results (Topolyan, 2011) in
which only one player in each group exerts zerorefivith probability less than 1. Let
xgi € R, denote the best-response of playen group g in a situation in which player in
group g is a unique player in the groupemma 3 follows.

Lemma 3. Given the effort levels of other groups, xg(t_l) > xgt for my >t > 1.
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Proof. The best-response of a player is the non-negatffeet level that maximizes the
payoff of the player (subject to the participatioanstraint of non-negative equilibrium

payoff), given the effort level of all other playen—|ence,xgl Max {arg maxy ngl,o}

subject torry; > 0, wheren); = vg; pg (X1, ..., Xg—1, Xgi» Xga1, -, Xn) — ¢(x4:). An interior

solution that maximizes?

gi» If exists, will be unique as the payoff functisrstrictly concave.

Hence, from the first-order condition of maximizin@l-, we obtain the best response
. . ] . :
function as the solution of:’(xgi)/% = vg;. The properties of the contest success function

and cost function fromAssumption 2 and Assumption 3 ensure that givenX_; =

X1y oer Xg—1, Xga1s o X)) xgi is monotonically increasing img;. This observation along

with the assumptiorvy_1y = v, for mg =t > 1 confirms that x? g(t-1) = xgt for all
> (0,...,0). m

Lemma 1 andLemma 2 transform the problem into a generalized versioasgmmetric value

individual contest, wheredsmma 3 provides restrictions on the participations of piegyers.

A combination of the three lemmas giv@arollary 1 that we state without proof.

Corollary 1. An equilibriumin which player 1sin group 1 and 2 are active always exists.

It follows from Lemma 3 that xgl > 0 for someg < k <n and xgl =0 for g >k, i.e.,
given the value distribution, there can be instanicewhich the best response for every
player in a group is to put forth zero effort, ake of their valuation is low enough and
expending any positive amount of effort will resmlia negative payoff.

The general nature of the current set up restuistSom finding closed form solution for
participation and equilibrium effort. To make thelplem tractable and attain closed form
solutions we make the following restrictive assuoms. First, following the axiomatic
foundation of Minster (2009) we apply a logit (Dek, 1980) form group contest success
function. Second, we use linear cost function witiit marginal cost.

Assumption 2'. The probability of winning the prize for group is
Xg

pg(Xl;Xz, ...,Xn) = k iXk . )
n if Yy Xy = 0

Assumption 3'. The common cost function is(x,;) = xy;.

Lemma 1, 2 and3 under these two assumptions convert the bestgghap contest into a
generalized asymmetric individual lottery contestwhich each group behaves like an



individual contestant, but the valuation of theiudlal contestant may change depending on
which group member within a group is active. We tieeresults on asymmetric individual
contest by Stein (2002). Stein (2002) shows thaarim-player asymmetric contest some
players may not be active in an equilibrium. Ushigposition 1 of Stein (2002) we state the
condition inLemma 4 for active participation in the contest.

Lemma 4. Suppose players E;'s in each group j(< k < n) are active in an equilibrium.
Then for at least one other player from any other group to be active along with the active

(k=2)[1j<k VjE;

Yj<k ez e<k Ve,

playersin that equilibrium, the following condition has to be satisfied: v, >

Proof: From Proposition 1 of Stein (2002) we can observe that when play&ts in each

group j(< k < n) are active, then in an equilibrium playerof group k will be able to

k=2)Ij<kvjE; . -
L is satisfied. Moreover,
Yj<klezjt<k VtE,

earn strictly positive payoff only if the conditiar,; >

by assumption,vg—qy = vy, for my =t >1 and vy_q); =2 vy for n =k >1 hold.
Hence, if playerl of groupk cannot earn positive payoff, it is impossible &ory other
players belonging to groupgs and above to expend strictly positive effort aadnepositive

payoff. Consequently, for at least one other playem any other group to be active in

(k-2) 1<k vjE;
.- has to be
Yj<klezj <k VtE,

addition to playersE;'s in each groupj, the conditionv,, >

satisfied.m

Lemma 4 gives us a set of sufficient conditions to exclualee or more group to
participate in the best-shot contest. This is irtgodrfrom the contest design point of view as
the designer can manipulate the number of actianseand the corresponding rent
dissipation from these restrictions. This lemma ajsvesCorollary 2 that shows the needed
parametric restriction which, in turn, ensuresipgration of all the groups in an equilibrium.

n—2)[1j<nvj1

Yj<nlezjten V1

Corollary 2. If v,; > then, inan equilibrium, all n groups are active.

n-2)[lj<nvj1

Proof: From Lemma 4, condition v,; >
Yj<nllezjt<nver

ensures that at least one player

(player 1) in groupn is always active in an equilibrium when play€s in all the other
groups are active. This, along with the assumptigi_,y = v, for my =t > 1, means
that at least one player (player 1) in graups always active in an equilibrium when players
other than playerl’s from all the other groups are active. Also, ifist participation

compatible for playerl in n, then assumptiorv_q,y; = v for n =k >1 and the



properties of harmonic mean imply that it is papttion compatible for playet’s in all the
other groupsa
In the following, we assume that at leas{(< n) groups can be active in an equilibrium,

m1-2)[lj<n, vjE; .
- % FromLemma 1, 2, 3 and4, one can expect that, under certain

Yj<nq ezjt<ng VtE,

Ie., vp,1 >

restrictions there exists an equilibrium in whiclayer 1 (the highest-valuation player) in
each active group exerts strictly positive effatsd the other group members free-ride by
exerting zero effort. In such a case each highalstation active player exerts its own
equilibrium effort in ann,-player individual contest with asymmetric values ia Stein
(2002). 1t is easy to show that this constituteequilibrium as no player, expending strictly
positive or zero effort, has an incentive to deviabm the effort level. This is summarized in
Proposition 1.

(n1-2)[j<n, V)1 ((m1+1)-2) [Tj<nq+1) Vjm;

Proposition 1. Suppose v, > and v < ,1.e.,
P PP nal Yj<nq Hezjt<ng V1 (ny+1)1 Yj<nq+1) Hezjt<ng +1) Veme
. . . N -1 vyt
only first n; groups are active. Define x4, = ,?11 _1(1 —(n — 1) =mE _1). Then the
Ly=1"ki Yk=1Yk1

profile ((xiy,0,+,0), (31, 0,+,0), .., (X1, 0,+++,0), (0,+++,0), .., (0,-+-,0)) is & Nash

equilibrium of the best-shot group contest.

_ -1
Proof: First, note thatry, =,?11—1_1(1 —(ng — 1)%) Is the equilibrium effort of
Li=1 V1 Ly=1"Vk1

player 1 in group g when the original contest is reduced torgrplayer contest consisting
of the highest-valuation players in groups2,---,n;. From Lemma 4, the conditions
(n1-2) [1j<n, V)1 ((m1+1)-2) [Tj<(nq+1) Vjm;

Yj<nq Hezjt<n, V1

Vnq > and v, 1)1 < restrict only the firstn,

Yj<mq+1) Hezjt<ng +1) Veme
groups to be active in equilibrium. Hence, the daling profile
((x11,0,++,0), (x31,0,-++,0) , ..., (x4, 0,+,0),(0,++-,0) , ..., (0,-+-,0))  constitutes an
equilibrium. =

The implication ofProposition 1 is crucial. It means that in this equilibrium ordge of
the players with the highest stake, or the mostiefit player, exerts effort on behalf of the
whole group that is active. Consequently, the intecomes equivalent to a group contest
with perfect-substitutes impact function as in B@iR93). The equilibrium strategies are also
similar to the unique equilibrium strategies inte&sot public good games (Hirshleifer, 1983).

This further indicates that in a market coalitiarcls as an RJV or a coalitional situation

related to defense, the most efficient player isbeiter off being a member of the coalition



instead of contesting as an individual. As a reguft equilibrium cannot necessarily justify
the coalitions under best-shot technology. It caty de possible for the most efficient
players to join coalition if there exist other dduria in which they can free-ride on some
other players’ efforts. Or, in other words, in taosquilibria the ‘top guns’ do not fire. In
Proposition 2 we show that indeed those equilibria exist, justdythe existence of market,
political and international coalitions under besbistechnology.

-2)I1; ; ((M1+1)-2) [Tj<(nq+1) Vim;
(nl )H]<n1v]1 and U(n1+1)1 < J<(ni ]m]

Proposition 2. Suppose v, ; >

Yj<nq Hezje<nq Ve Yj<nq+1) Hezjt<mq+1) Vem,

Define xjp = sm—r ( —(ny — 1)%) where E, > 1 Vg €Ny = {1,2,..,n,} .

g Tkts kEk They UkE),

Then the profile ((o ,0, %5, ,---,o),...,(0,---,o,x;;lEnl,o,---,o),...,(0,...,0))

constitutes a  Nash  equilibrium of the best-shot group contest if
2

29 < 1+\/1—(n1 1)“’—E9 Vg € N,.

VgEg Zk 1VkE),
ni—1 5
Proof: First notice thateyr, = smr— (1 -(n;—1) +> is the equilibrium effort of
Zk 1 kEk Zk 1 kEk

player E; > 1 in group g when the original contest is reduced to theplayer contest

consisting of theE th highest-valuation players in each grogie N;. Hence in the profile

((0 ,0,x5,,0,-+,0), ...,(0,---,O,x;‘llEnl,O,---,O), .., (0, ...,0)) player E; in group g
expends strictly positive reduced-form-individualtest effort and the others in the group
expend zero effort.

For this profile to be a Nash equilibrium, no playe the contest should have an
incentive to deviate from this profile. It is sghtforward to show that any player E, +
1,E;+2,..,my ingroupg does not have an incentive to deviate accordirgana 3.

Similarly, it is straightforward to show that playg in group g has the highest incentive,
if any, to deviate from this profile becausg; (X_g) = xg2(X_y) = - = xgg (X_,). This
means that if playet in groupg does not have an incentive to deviate from thdfiler
then playerz, 3, ..., (E; — 1) in groupg do not have such incentives, either. Therefore, in
order to determine if this profile is an equilibmwr not, it is enough to check if playgrin

each groupg has any incentive to deviate from this profilenot.



Now we pin down the conditions under which playen fjroup g does not deviate from

the profile above. Under the profile, playerin groupg exerts zero effort, and the winning

-1

—) Hence, the payoff of playelr in

Zk 1 kEk

probability of groupg is p, = (1 -—(n;—1)

group g is my; = vy, (1 (n; — 1) g—Eg>

Zk 1 kEk

If player 1 in groupg deviates from the profile, his optimal effort Iéise

ni ni
_ * *
gl(X—g) = Vg1 Z Xk Xk = Vg1 Z XkE, — Z XKE
k+g k+g k+g
ni—1 Vg gE
- — (=D |
Zk 1”kEk 1’gEg NN kEk

However, he earns the following expected payoftibyiating from the profile:

d Vg1 9gEg
Ty, =V -—(n—1 -1 .
g1 gl< fngg (ny )Zk 1”k5k>< f —(n )Zk ) kEk)
Then, for player 1 in groug not to deviate from the profile, we neag, > 7Tg1' ie.,
d ni—1 Vg1 Vg1 gEg
Mgy — Mgy = -2 / +(n—1)zmm—=/=0.
91 gt Zk 1 VKE), (”gEg VgEg (2 = )Zk 1”k5k>

oEg ay(= 1), the inequality can be rewritten as following:

-1
T[gl - T[gl = _—nl X
k= 1vkEk

Zk 1 kEk Z:k 1 kEk

\/a_g—l—\/l—(nl D= ok \/a_g—1+\/1—(n1 1= ok <0.

As a result, the profile

((o 0,55, 0,,0), o, (0,,0,x5,5,,0,-,0) .., (0, ...,0))
2
is a Nash equilibrium ifyg € Ny, @, <[ 1+ J1 —(ny — 1)9—59 .m
z:k 1 kEk

In conclusion, this proposition fully characteritee set of equilibria for the best-shot

group contest an@roposition 1 is a special case éfroposition 2 whenE, =1 Vg € N;.
There are several important implicationsRobposition 2. First, this proposition paves way

for the possibilities of coalitions in which the stcefficient player, as a group member, can
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earn higher payoff rather than contesting as aiviohebl. Thus the inclusion of the most
efficient players in a coalition is justified. Sexh the final payoff crucially depends on the
equilibrium selection and the coordination betwgesup members.

The rent dissipation results are also very differerthe current analysis compared to the
group contests with other contest success functorthe best-shot public good game. We
know that in case of perfect-substitutes impactfians, the total rent dissipation is uniquely
determined (Baik, 1993) and a coalition proof @quilim is unique in case of a weakest-link
impact function (Lee, 2009). It is not trivial tolliy rank the equilibria in the best-shot case in
terms of rent dissipation. The following corollappints out the highest and the lowest
possible rent dissipation in the best-shot groupesi.

Corollary 3. The highest (lowest) possible equilibrium rent is dissipated for a given number
of active groups, when only the highest (lowest) value players in each active group exert
strictly positive effort. The rent dissipation is inter mediate otherwise.

Proof. Supposen; groups are active. FroRroposition 2, the equilibrium rent dissipation

2 nq
X ny—1 ny-1 _ L, vke
is: Zg 1XgE; = Zglz1 — l — 1 l (vgl:}g) =(ny — 1) A

-1
Zk 1 VKE), Zk L VKE, Hk::lvkEk

. .. ) . . aYn_. x:
Differentiating with respect to the value of anidyy active playert we get:M =

6vtEt
(n;-1)
ni ni
(Zz=1 Hk::l”kEk)

[(Zl 1 k:tl VkEk) HZ;tvkEk - (Hzi1 UkEk) Z?:11 H;cl::l,tvkEk] =

(na~D (I, v, )
2
(212, Tt vk, )

(nl 1) HkitvkEk
(2, 1102, vk, )
total rent dissipation is monotonically increasinghe values of the active players. Hence,

>0, i.e., the

[0, Tk viey) — veg, X0y ks Vie,) =

the equilibrium in which only the highest valuatiplayer in each team exerts positive effort
results in the highest rent dissipation among thtea$ equilibria of the best-shot group
contest. Following the same logic, the equilibritmwhich only the lowest valuation player
in each team exerts positive effort, dissipatesldlagest rent and the intermediate cases will
result in intermediate rent dissipation and thekirag will depend on the value distribution
within and among groups.

The best-shot public good structure is includethan discussion of system reliability, or
defense coalition. The best-shot public good gantle avunique highest valuation player in
each group has a unique equilibrium same as thedeneed inProposition 1. Moreover,

unique equilibrium ensures no equilibrium selectmncess for a designdproposition 2,

11



however, shows that if one models the aforementigiiations in a more realistic contest
setting, then the equilibrium results can chandee Gomparative statics results will also be
affected. Moreover, an inclusion of a player of amjuation (even with lower than the
highest value) in any group can change the possitieof equilibria, rent dissipation and

payoffs. A contest designer would need to find wayquilibrium selectiof.

4. Three (Two-Player) Groups Example

To portray a diagrammatic and easily tractable axgion of the general results in the
previous section we consider3ax 2 best-shot group contest where there are thregygrou
and each group consists of two players each. Her@rst show simple conditions for which
a group does not participate in the contest anddiméest reduces to 2ax 2 contest. Then
we characterize the set of equilibria for this mhliform contest.

As shown inLemma 1 and2, in any equilibrium at least two groups will betiae and
only one player in each group will be active. Oaa show that there can be 20 equilibria in

which one player in each group is active and atle@o groups are active. Now we impose

V12V22

condition vg; <
V12022

. From Lemma 4, this means that both members of group 3 have

relatively low valuations of the prize and partatijng in the contest ensures loss to them.
Hence, both of them expend zero effort and grdup always inactive. As a result the set of
equilibria reduces to only 4. Let us denote theldgium in which the player from group

1 and the playey from group2 are active asV;;. Then the four possible equilibria akg,,
Ni,, Ny1, andN,,. Define a; = %(2 1) anda, = ?(2 1), the results are summarized
12 22

in Table 1 and are shown diagrammatically in Figure
[Table 1 about here]

As stated inCorollary 3, the rent dissipation is highest fok,, lowest forN,, and
intermediate for the other two equilibria. This ggvthe flexibility to a contest designer not
only to select equilibrium in terms of deciding wpthe active players, but also on the
possible rent dissipation in the equilibrium, if ¢en distribute the value among the players.
Once we know the ranking of the equilibria in terofigent dissipation, we can describe the

equilibrium condition in terms of the values. Degiaig on value distribution one may obtain

2 Researchers are often interested in equilibriutecen in best-shot public good games under networ
settings (see Galeotti et al., 2010; Dall'Asta bt 2011). Our findings also reinforce the need farther
research on equilibrium selection in contest gawids best-shot impact functions.
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one of several equilibria. Whereds, always exists, one may obtain a combination oéioth
equilibria for different value distribution. Figur2 summarizes the required equilibrium
conditions forN;;, N;,, N,;, andN,, equilibrium ina; — a, graph.

[Figure 1 about here]

[Figure 2 about here]

5. Discussion

In this article we construct and analyze a best-ghaup contest. We find that depending on
the value distribution there can be multiple edpnidi, but in each equilibrium only one player
from each group expends strictly positive effottisTresult is robust to the number of groups,
the number of players in each group, and the vialnatf the players. However, we also show
that the equilibrium strategy and rent dissipato not easily determined and not robust.

This research has implications in coalition forroatiunder best-shot structure. It also
enables a designer to design strategy accorditigetdesigner objective. In our analysis we
pin down the conditions on value distribution thah give rise to different equilibria, show
needed conditions to determine the number of adioeips and manipulate strategies to
select equilibria. Hence, if the value distributia portrayed as the within-group prize
sharing rule, then a designer is able to chooseulleein a way such that the most efficient
players do not exert zero effort. Finally, a designan also achieve higher or lower rent
dissipation by imposing appropriate prize sharuigs for the groups.

In the context of public goods and defense econetitierature(Hirshleifer 1983, 1985;
Bliss and Nelbuff, 1984; Harrison and Hirshleifé989; Cornes, 1993) it has been well
recognized that using best-shot technology leadsjtalibria in which the most able players
contribute to the public good. The current studgvehthat, if one uses public good scenario,
then the corresponding result is only a speciat cdithe best-shot group contest. In general,
some groups might not participate and most efficgdayers may also be inactive in some
equilibria if we model the public good scenarioabest-shot contest with group-specific

public good prizes.

13
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Tables and Figures

Table 1: Equilibrium Effort and Corresponding Condition (Two Active Groups)

Equilibrium X11 X12 X1 X232 Equilibrium Condition
viv vy, V2
Ny le 0 —212 0 No condition required
(V11 + v21) (V11 + v21)
Vi1V, V105, V22
(V11 + v22) (V11 + v22) a1V15 + Uy
vi,Vy V1,054 V12
(V12 + v21)?| (V12 + v21) V1o + a0y,
2
V12
a, <1+ ,
5 5 Uiz t V2
Ulzvzz V12v22
(V12 + v22) (V12 + v22)
V22
a, <1+
Vip + Uz
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Figure 1: The Equilibria
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Figure 2: The Equilibria Ranges and Conditions
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