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Abstract

This paper proposes a theory of cooperation over finite horizons, fo-
cusing on public good contribution games, that implies the broadly docu-
mented feature of decreasing cooperation over time. The central assump-
tion is that there are two types of players: those who only care about
their own material payoffs, and those who reciprocate others’ contribu-
tions. The main result is that if reciprocity functions satisfy some regu-
larity conditions, then generically there is a unique perfect equilibrium,
in which contributions are decreasing. In this equilibrium, selfish players
contribute to induce subsequent contributions by reciprocal players, and
this incentive diminishes as the end of the play approaches. The model
explains the puzzling restart effect and is consistent with various other
empirical findings. In one-shot games, the model predicts no contribu-
tions.

We also report the results of a series of experiments, using a probabilis-
tic continuation design in which after each round, the game is restarted
with low probability. The results support the implications of our model
that the restart effect is present even with experienced players, whereas,
in one-shot games, contributions disappear with experience. We show
that experienced players correctly foresee the pattern of contributions,
suggesting that the declining pattern comes from equilibrium play. We
also identify the presence of conditional reciprocity among experienced
players, and document that selfish players (identified exogenously) stop
contributing earlier than reciprocal players, as implied by the model.
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1 Introduction

There are many economic and social relationships in which participants interact
with each other repeatedly, but for only a commonly known finite time. For
instance, consider manager-employee relationships in which the employee has a
nonrenewable fixed period employment contract, or faces mandatory retirement
at a known time. Other examples include individuals working together as part
of a team, where the team is only together for a pre-specified amount of time,
or the owner-tenant relationship, when it is commonly known that tenants will
not renew their lease. In these games, if at every stage participants face a
myopic incentive to choose a noncooperative action, then no matter how long the
interaction lasts, backwards induction implies that the unique subgame perfect

equilibrium outcome involves playing the noncooperative action every period.

In contrast to this theoretical prediction, there is considerable experimental
evidence that repeated interaction facilitates cooperation, even with a known
finite horizon. Moreover, in many different environments, the same pattern of
play emerges: there is a relatively large amount of cooperation in early rounds,
which eventually breaks down, and by the end of the interaction, there is very lit-
tle cooperation. This phenomenon is documented in finitely repeated prisoner’s
dilemma games (Selten and Stoecker [86], Andreoni and Miller [93], Kahn and
Murningham [93]), repeated duopoly games (Selten et al. [97]), centipede games
(McKelvey and Palfrey [92]), and repeated voluntary public good contribution
games (in many papers, starting with Isaac et al. [84] and Kim and Walker
[84]). Outside the laboratory setting, Bandiera et al. [06] find evidence from a
field experiment that temporary workers working together for a fixed period of
time cooperate under a relative incentive scheme by holding back their efforts,

provided that they can can monitor each other’s decisions.

In this paper, we present a theory that explains the documented pattern of
cooperation in games with finite horizon, and we report the results of a series of
experiments designed to test the validity of the theory. We restrict the formal
analysis to the context of voluntary public good contribution games, although

our ideas can be applied to the other contexts mentioned above.

We focus on investigating voluntary contributions to a public good in a group

setting because it has been a remarkably active research topic in experimental



economics, as well as in various other disciplines such as sociology and anthro-
pology.! The experiments typically involve games in which players decide how
much of their endowment to allocate to a public good and how much they retain
for private investment. Payoffs are such that, in a one-shot game, any contri-
bution to the public good is a dominated strategy, but the aggregate benefit
of contributing to the public good exceeds the individual benefit of a private

investment.

In experiments, average contribution levels are observed to be positive both
in a one-shot contribution game and in repeated versions of the game. In finitely
repeated versions, the decreasing cooperation phenomenon is prevalent: at the
end of the game, contributions are very small.?2 The latter observation also holds
for games played by experienced subjects.® Furthermore, it remains true even
in games that follow a “surprise restart” announcement. Namely, at the end of
a repeated public good contribution game, if a surprise announcement is made
that the same group of subjects will play another repeated game, contributions
initially jump back to a relatively high level and then decrease again over time.
This “restart effect” was first reported by Andreoni [88] and was later confirmed
by several other studies.? In contrast, existing evidence suggests that in one-shot

games, contributions diminish when players become more experienced.’

These findings seem to be incompatible with the assumption that all subjects
are rational in the traditional sense, that they care only about their own ma-
terial payoffs.5 Standard game theoretic solution concepts (Nash equilibrium,
subgame perfect Nash equilibrium, correlated equilibrium) predict that players
contribute zero to the public good in every period. Theories proposed so far to
explain the observed patterns of contributions can be divided into three rough
categories: (i) players make mistakes, but they learn over time and therefore
contribute less; (ii) players do not just maximize their own monetary payoffs, but

their preferences involve altruism, reciprocity, or “warm-glow effects” (Andreoni

lFor an early survey, see Ledyard [95]. Fiske [92] and Field [02] are relatively recent
references in sociology and anthropology, respectively.

2According to Fehr and Schmidt [02], in the final period, roughly 75% of the subjects
contribute nothing to the public good, and the rest contribute very little.

3See Tsaac et al. [88].

4See for example Croson [96].

5See Tsaac et al. [84] and Andreoni [88].

6Fudenberg and Levine [97] argue that in several well-known experiments, subjects’ ob-
served behavior is consistent with self-confirming epsilon-equilibrium, but they mention that
in voluntary contribution experiments, players’ losses seem to be too large for this to be the
case.



[89]); (iii) reputational considerations along the lines of Kreps and Wilson [82],
i.e. making the other players believe that one is not a selfish utility maximizer,
play a big role at the beginning of the game, but over time, reputation wears
out. However, none of the above theories can explain all the robust findings
of the experiments. Theories of altruism, reciprocity, or warm-glow effects can
explain positive contribution levels, but not in any natural way the decreasing
pattern of contributions in repeated games. Learning or reputation can explain
positive contribution levels and the decreasing level of contributions, but not
the restart effect. If players learn not to contribute by the end of the game,

then contributions should not jump back to a high level.

We present a theory that explains the initially positive but decreasing pat-
tern of contributions as an equilibrium phenomenon. The basic feature of the
model is that we assume the presence of both selfish players (in the sense of
maximizing only their own material payoffs), and players who reciprocate con-
tributions by others. This assumption is motivated by the empirical finding that
most subjects in public good contribution experiments can be classified into
these two categories. According to the observations of Fischbacher et al. [01],
Brandts and Scram [01], Palfrey and Prisbey [97], Ledyard [95], and Saijo and
Yamaguchi [92], roughly half of the subjects in public good experiments maxi-
mize individual payoffs, while 40-50% of them are conditional cooperators.” In
a study of real-life collective action by a group of Shuar hunter-horticulturalists
in Ecuador, Price [06] finds that group members accurately distinguished inten-
tional cooperators and noncooperators. Moreover, several papers suggest the
importance of investigating the nature of strategic interaction between different
types of players. Fehr and Schmidt [02] argue that “the interaction between fair
and selfish individuals is the key to the understanding of the observed behavior
in strategic setting” and that “even if we do not yet have a fully satisfactory
model of fair behavior, one can probably go a long way with simple models that
take into account the interaction between selfish and fair types.” But to the best
of our knowledge, our paper is the first one that provides a formal investigation

of this strategic interaction in a dynamic setting.

Motivated by existing experimental evidence, we assume that the reciprocal

players reciprocate both past realized contributions and current expected con-

"There is overwhelming evidence that very few people behave unconditionally altruistically
in these experiments. Rabin [94] writes: “If people do not think that others are doing their
fair share, then their enthusiasm for sacrificing for others is greatly diminished.”



tributions by others. Sonnemans et al. [99] (also Keser and Winden [00]) find
both forward-looking and backward-looking (adaptive) behavior in public good
experiments.® The reciprocal preferences we adopt can be derived from various
underlying motives, including fairness considerations, conditional altruism, or
following some social norm. Furthermore, since we allow reciprocity functions
to treat different types of players differently, our model is compatible with the
assumption that reciprocal players care not only about how much each other
player contributes to the public good, but also about what motivates another

player to contribute (intentions).

Our central claim is that dynamic equilibrium interaction between selfish and
reciprocal players implies all the robust features of contribution paths observed
in experiments. Formally, we show that if reciprocity functions satisfy some
regularity conditions, there is at least one selfish player in the game, and after
every period, players are informed of every other group member’s contribution,
then generically the game has a unique subgame perfect Nash equilibrium. This
equilibrium exhibits a decreasing pattern of contributions. Moreover, the same
pattern is implied by a perfect equilibrium in a game in which, after each period,
only the aggregate contribution of the group is revealed, although in this context
the equilibrium is not necessarily unique. The intuition behind these results is
that selfish players can influence future contributions of reciprocal players, and
the more periods are left, the higher the increment they can induce on these
contributions. This makes it worthwhile for them to contribute more of their
endowment to the public good at the beginning of the game. In equilibrium,
reciprocal players correctly anticipate these high contribution levels in early
periods, which induces them to also contribute. As the game progresses, selfish
players have less incentive to contribute, and in equilibrium, their contributions
to the public good decrease. In particular, their contribution is always zero in the
last period of the game. Lastly, decreasing contributions by the selfish players
imply decreasing contributions by the reciprocal players, although the rate of
decrease in their contribution may be smaller, since they might reciprocate past

contributions as well, besides current expected ones.

Our model explains both the decreasing pattern of contributions and the

8More direct evidence comes from Keser [00]. In her experiment, players played multiple
sessions of repeated contribution games and selected repeated game strategies from a large list
of choices. The most popular strategy chosen by experienced players started out contributing,
then reciprocated others’ average contribution in the previous period and did not contribute
anything in the last periods.



restart effect. Since a major factor in determining equilibrium contributions
is the number of remaining periods in the game, a surprise announcement of
playing additional periods increases equilibrium contributions. In addition, our
model predicts a much smaller restart effect if the experimental design is such
that subjects are reshuffled and play the game in a different group after each
period, which is confirmed both by Andreoni [88] and Croson [96]. In a simi-
lar vein, it predicts no restart effect if the restart does not come as a surprise
(if the subjects know all along that a second session will be played), which
is confirmed by Burlando and Hey [97]. If the restart effect was a pure psy-
chological phenomenon (a “new beginning”), with no strategic considerations
involved, then presumably the restart effect should have the same magnitude
in the above treatments. Related to this point, the model we present implies
that in a longer game, contributions to the public good are more persistent (as
opposed to the possibility that in a longer game, there are just more periods at
the end where players contribute very little), another empirical result reported
by several papers.” Finally, the model implies the well-documented fact that
a relative increase in the private returns of public contribution increases equi-
librium contributions, and is consistent with the observations that neither an
increase in the number of players nor an increase in the monetary stakes seems

to decrease contribution levels.1?

Our model also implies that as long as there is at least one selfish player in
the game, and reciprocal players do not “overreciprocate” others’ contributions
(an extra unit of contribution by other players is never reciprocated by more
than a unit), then contributions are zero in the unique Nash equilibrium of a

one-shot game.

We abstract away from learning and assume complete information. It is
clear from existing data that learning plays an important role in the experiments.
However, the features of positive initial contributions and subsequent decreasing
pattern are shown to apply to games in which players are both experienced and
may have learned about each other (for example, because the current game
follows a surprise restart, i.e., the same group of players already played a round
of repeated game), which suggests that a fully satisfactory theory of cooperation

over finite horizon should also apply to complete information settings.

9See for example Isaac et al. [94].
10Gee Isaac and Walker [88] and Isaac et al. [90].



The experiments we conducted were partly designed to test whether the
positive initial contributions are an equilibrium phenomenon, and partly to test
more specific implications of our model. Furthermore, we directly addressed
whether positive contributions can be an equilibrium phenomenon in one-shot
games. We focused on games that best approximated the complete information
assumption: games in which players already played the contribution game for
several rounds beforehand, and also had a chance to learn about each other (for
example, by playing a previous game together that was followed by a surprise
restart). To be able to conduct multiple “surprise” restarts, we used a design
in which after each round, it was randomly decided whether the group stayed
together and played a “restarted” game (25% probability) or whether players
in the group were randomly reshuffled and played the next round of game with
a new group (75% probability).!!

Our experimental results confirmed that in ten period contribution games,
there is a significant restart effect even when players are experienced, and that
the contribution pattern in these restarted games is decreasing. In sessions
where individual histories were revealed, in the last two rounds of the experi-
mental sessions, the mean contribution in the first round of a restarted game
was 10.69, and only 29% of subjects contributed nothing. Meanwhile, in the
10th period of the preceding games, the mean contribution was 1.56, and 88%
of subjects contributed zero. The patterns were similar in sessions in which
only average contributions were revealed to group members. In all sessions, the
restart effect was significant both with respect to mean contributions and to the
proportion of players contributing a positive amount. Furthermore, period-10
mean contributions in the same restarted games were only 0.6 — 1.3, confirming
that the decreasing pattern of contributions holds for these games. In sharp
contrast to these results, in the session involving one-shot games, play in later
periods involved 94% of subjects contributing zero in restarted games. There
was no significant restart effect in later rounds, and contributions in restarted

games were not significantly different from zero.

In the experiments, we obtained two pieces of evidence that the observed
play in restarted games in the last two rounds of experimental sessions approx-

imated equilibrium play. In some sessions, we solicited players’ expectations

11We set the probability that a group stays together to play another round of game relatively
low, to mitigate repeated game considerations.



on others’ subsequent contributions before the start of a new repeated game.
Experienced players’ expectations on average closely tracked the average of ac-
tual play, with the median expectation tightly near the median of actual play.
In particular, even before the start of the game, the overwhelming majority of
players correctly anticipated that at the end of the game, contributions would be
close to zero; despite this, most players started out by contributing significant
positive amounts. The other piece of evidence came from testing whether the
average contribution path in restarted games stabilized by the last two rounds.
We found that contribution levels at the beginning and at the end of 10 times
repeated games were the same in the last two rounds of the experiments as in
the preceding two rounds, while contributions in the middle of the game (period
5) were marginally significantly lower in the last two rounds. This suggests that
the pattern of contributions stabilized by the end of the experiment, although
we did not get conclusive evidence that the rate at which contributions go to

zero reached a steady state.

We also demonstrated the presence of conditional reciprocity even among
experienced players by regressing players’ second-period contributions on others’
first-period contributions. In restarted games of the last two rounds, a unit
increase in average contributions of others increased a player’s second-period
contribution by 0.4 units, significantly different from 0. This is also compatible
with the implication of the model that in equilibrium, completely self-interested

players start out contributing.

Finally, we conducted sessions in which the contribution games were pre-
ceded by a sequence of gift-giving games. We used these gift-giving games to
identify selfish and reciprocal players. Looking at the behavior of these players
in contribution games, we found that games with more reciprocal players aver-
age contributions were higher. Furthermore, selfish players started contributing
0 significantly earlier than reciprocal players, which is one of the implications

of our model.

2 Related literature

The dynamic interaction between players who only care about their own mate-
rial payoff and players who are conditionally reciprocal is a relatively unexplored

area. Fehr and Schmidt [99], in Section IV of their paper, consider a two-stage



game played by selfish and fairness-motivated players. The first stage is a public
good contribution game. In the second stage, after observing the outcome of the
first stage, players can engage in costly “retaliation.” They show that for some
parameter values, there are equilibria in which cooperation can be sustained in
the public good contribution game. Levine [98] assumes that players’ utilities
depend both their own and on others’ payoffs, and the weight attributed to an-
other player’s payoff depends on how much that player cares about others. The
model is then calibrated using data from ultimatum games experiments, and its
predictions are confronted with data from other experiments, including a one-
shot public good contribution game. Andreoni and Samuelson [06] analyze a
twice-played prisoner’s dilemma in which players some time prefer to cooperate,
and players are heterogeneous in their tastes for cooperation. Duwfenberg and
Kirchsteiger [04] extend reciprocity equilibrium (Rabin [93]) to extensive form
games. The examples they provide suggest that typically there is a multiplicity
of such equilibria. Anderson et al. [98] provide a model with both altruism and
decision error in public good provision games. Their model does not allow for
strategic interaction across periods. Offerman et al. [96] present a model of a
one-shot step-level (the public good is provided if there is enough aggregate con-
tribution) public contribution game with heterogeneous individuals. Although
the model focuses on the interaction of selfish players and cooperators, most of
the issues we investigate in this paper are not present since the game has only

a single period.

There are various explanations of cooperation over finite horizon in which
the focus is not on the dynamic interaction of different types of players. Rad-
ner ([80] and [86]) shows that cooperation can be maintained for a while in a
repeated oligopoly game and in a repeated prisoner’s dilemma if players only
care about maximizing their payoff up to epsilon precision, even for small val-
ues of epsilon. A somewhat similar argument is presented by Klumpp [04] for
repeated public good contribution games. He shows that even a relatively small
amount of altruism can generate relatively large contributions at the beginning
of the game. Furthermore, contributions are decreasing over time, because the
amount of sustainable cooperation decreases as the number of periods left to
play decreases. The scope of these explanations are limited by the fact that in
games with discrete action spaces, small departures from maximizing individual
payoffs cannot explain any amount of cooperation, unless the number of periods

is very large, while large deviations do not explain the breakdown of cooperation



in the end. Furthermore, these theories would imply that relative contributions
go to zero as monetary stakes increase, which does not hold empirically. Ney-
man [85] shows that cooperation can be achieved in equilibrium of a finitely
repeated prisoner’s game if players can only use strategies with bounded com-
plexity. Again, the argument is more appealing for games in which the number
of repetitions is large. Finally, there are various explanations which relax the
assumption that the fundamentals of the game are common knowledge among
players. Kreps et al. [82], Sobel [85], and Fudenberg and Maskin [86] show how
a small amount of uncertainty about payoffs (reputation) can induce coopera-
tion in games with finite horizon, while Neyman [99] points out that a small
departure from the assumption that the length of the game is commonly known
can lead to cooperative outcomes. These arguments, however, face a difficulty
in explaining why cooperation is achieved even by very experienced players, who

already played the game multiple times with the same set of opponents.

3 The model

3.1 General specification

We consider a T-period public good contribution game with N > 2 players. We
also use N to denote the set of players whenever it does not cause confusion.
In each period, each player has an endowment of 1 unit. Players in each period
simultaneously decide how much of their endowment to contribute for public
investment and how much to retain for private investment. Let z! € [0,1]

denote player ¢’s contribution to the public investment in period t¢.

We will consider two information environments, corresponding to the two
most popular rules used in experimental settings. In the first one, after every
period, each player observes the contribution choices of every other player. In
the second version, after every period, only the total contribution to the public

investment is revealed to the players.

The material payoff of player ¢ in period t is the amount of endowment

she retains for herself plus her share from the aggregate returns to the public

10



investment:*2 A
(1—x§)+NZx§, Vi € R.
JEN
Public investment yields a constant marginal return A, which is divided equally
to all players. We assume A > 1 but % < 1.

Players ¢« = 1,...,.S are rational in the traditional sense of maximizing the
sum of per period material payoffs. From now on, we refer to them as selfish
players. Let S also denote the set of selfish players and R denote the rest of the
players.

Players R = {S + 1,...,N} are reciprocal. Their payoffs are determined
through their reciprocity functions. It is convenient to think about these func-
tions as specifying target contribution levels. The arguments of f{, the period-t
reciprocity function of player i € {S + 1,..., N}, are past and current contribu-
tions to the public good by others. We assume that every reciprocity function

is nondecreasing in all other players’ contributions and takes values in [0, 1].

To keep the analysis tractable, we only consider reciprocity functions which
are additively separable with respect to contributions made at different periods,
and which, within the same period, are additively separable with respect to

contributions made by different players:

t

ff(($})jeN/{i}7..-7(96;)3'61\//{1'})ZZ Z fit,’f(iﬂf)

k=1jeN/{i}

where ffjk() is nondecreasing for i # j and ffjk is defined only for k < .13
Furthermore, throughout the paper, we assume that ff ’f is concave and differ-
entiable for every i,j € N and t,k € {1,...,T}.

The t-period payoff of player i is g(z! — fi()) = — (a2t — ff())%.** Reciprocal

12 All our results can be extended to the case when the returns from private investment are
r(1 — xt), where r is any concave function.

13 Allowing for an additional constant term cg, which only depends on the number of the
period and not others’ contributions, would not change any of our main results. We omit
this term partly to simplify the exposition and partly because there is a lot of evidence that
players do not behave unconditionally altruistically in public good experiments.

MInstead of the quadratic loss function specified above, we could consider any strictly
quasiconcave function g() which attains its maximum at 0.

11



players maximize the sum of these per period payoffs.!® Note that we allow for
a great deal of heterogeneity in the preferences of reciprocal players, since they

can have different reciprocity functions.

The game is a standard extensive form game: in particular, reciprocal players
are standard utility maximizers. They differ from the selfish players in that
their payoffs do not just depend on their own material payoffs. We assume that
the game is of complete information. Players know how many selfish and how
many reciprocal players there are in the group, and they know the reciprocity

6 This corresponds to our intention to analyze play in games in

functions.!
which the players are experienced and become familiar with each other. On
the other hand, the game is not of perfect information, because in each period,
players decide on their current contributions simultaneously. Furthermore, if
only aggregate contributions are revealed to players after each round, then the
game is not a multi-stage game with observed actions; hence, after each history,

players have to form beliefs on what happened so far in the game.

3.2 Interpretation of reciprocity functions

Reciprocity functions provide a simple and tractable way to model players whose
preferences are for one reason or another influenced by how much other players
contribute. The underlying motivation behind reciprocal preferences can come
from many sources. One possibility is that reciprocal players are conditionally
altruistic: the payoffs of those who contribute to the public good enter their
utility functions. Another source can be a desire to follow social norms: a player
with such considerations would contribute more if she thinks others contribute
more (or if she observes that others contributed a lot in past rounds). Yet
another possibility is that reciprocal players care about fairness or equality, as
in Fehr and Schmidt [99] or Bolton and Ockenfels [00]. A player who is concerned

15In the above formulation, the extent to which reciprocal players care about their own
monetary payoffs is embedded in their reciprocity functions. Alternatively, we could assume
that a reciprocal player’s utility in each round is given by the sum of her monetary payoff
and a reciprocity term, which is a function of the difference between her contribution and the
value specified by her reciprocity function. In this formulation, reciprocal players might try to
induce reciprocal contributions from other reciprocal players too, just like selfish players (they
might contribute more than what is specified by their reciprocity functions). Despite this, it
can be shown that all our results remain valid in this alternative formulation, provided that a
reciprocal player’s disutility from contributing less than the value of the reciprocity function
is large enough.

16More precisely, all this information is common knowledge among players.

12



about fairness reciprocates others’ contributions in a public good contribution
game because a contribution increases others’ flow payoff at the expense of one’s

own payoff.

Our model specification is also consistent with the consideration that recip-
rocal players care not only about how much others contribute, but also about
the types, or preferences, of the other players (recall that we assume that play-
ers know each others’ types). In particular, we allow reciprocity towards other
players to be asymmetric. For example, reciprocity functions are allowed in
our model to be more responsive to other reciprocal players’ contributions than
to contributions made by selfish players. Therefore, as long as intentions of a
player depend only on his or her preferences, our model allows for reciprocity

to depend on the intentions behind contributions.

4 Example: reciprocal players reciprocate the

simple time average of others’ contributions

In this section, we consider a concrete specification of the public good contribu-
tion game and explicitly compute contributions in subgame perfect Nash equi-
librium. The example is useful for understanding the main features of dynamic
strategic interaction between selfish and reciprocal players, and for providing

intuition for the more general results in the next section.

In this specification, individual contributions are revealed after each round,
and reciprocity functions are such that every reciprocal player targets to con-
tribute the simple time average of other player’s per-period contribution up until

and including the current period:

1
i) = ——— | v ieR and te{l,..T}).
t(N—l) ki; Z

st JEN/{i}

We also assume that there is at least one selfish player (S > 1).

Claim 1 below establishes that in the above specification, for almost every
value of A, there is a unique subgame perfect Nash equilibrium. Furthermore,

along the equilibrium path, the contribution of every player to the public good is

13



weakly decreasing over time. In particular, selfish players start out contributing
their full endowment to the public investment, but at a certain period, they
switch to contributing zero. Reciprocal players contribute all their endowment

up until this point, too, and then gradually decrease their contributions.

For the formal statement, it is convenient to define the following term:

T

C(t)= Y elt,k),
k=t+1
where
N-§
i+ =g omN o
N-S  [N-S-1
tk) = 1+ TP ) e, )| for k>t 1.
ALy oy gy l_zt;l( N-5S )C( )] o

C(t) is the marginal cumulative impact of a contribution at ¢ on the future
contribution of reciprocal players. The term includes both the direct impact of
a unit contribution for the future periods as well as the indirect effect of a unit

contribution in subsequent periods on future periods.

Claim 1: Suppose C(t) # 1 — 4 V¢ € {1,..,T} and S > 1. Then the
above game has a unique subgame perfect Nash equilibrium, which exhibits the
following contribution path. If C(1) < 1— %, then every player contributes 0 at
every period. Otherwise, let T* be the the largest integer between 1 and 7' — 1
such that C(t) > 1 — %. Then every selfish player contributes 1 in periods 1
to T* and 0 afterwards. Meanwhile, reciprocal players contribute 1 until period

T, and their contributions are strictly decreasing afterwards.

It is easy to see that the property C(t) # 1 — % Vte{l,.. T}in the claim
holds generically for A, for every N and S.

For the formal proof, as well as for proofs of all subsequent theorems, see
the Appendix. Here we provide a sketch of the argument. First note that a
contribution at any period does not influence how much other players contribute
in the same period, since contributions are decided simultaneously. This implies

that at the last period, all selfish players have to contribute 0 in any subgame

14



perfect Nash equilibrium. Furthermore, it can be shown that in subgame perfect
Nash equilibrium, reciprocal players have correct expectations concerning the
contributions of others at 7', and that there is only one continuation profile after
any (T — 1)-long history such that reciprocal players have correct expectations
and contribute the amount specified by their reciprocity functions. This implies
that after every (T'— 1)-long history, the continuation profile is uniquely pinned
down in subgame perfect Nash equilibrium. Consider now any (T — 2)-long
history. At period T'—1, selfish players’ contributions to the public good depend
only on the extent to which they influence reciprocal players’ contributions at
T. Because of the linearity of reciprocity functions, the marginal impact of
period-(T — 1) contributions on period-T contributions of reciprocal players is
constant and independent both of the history and of how much other players
contribute at T — 1.17 Then for generic values of A, either all selfish players
contribute 1 at T'—1 to the public good (if the marginal impact on contributions
at T is larger than 1 — %, the difference between marginal returns of the private
and public investments), or all of them contribute 0 (if the marginal impact
is smaller than 1 — %) Then it can be shown that after every (T — 2)-long
history, the continuation profile is uniquely pinned down in subgame perfect

Nash equilibrium.

An iterative argument then establishes that (generically) selfish players’ con-
tributions at each period are independent of history, and they are always either
0 or 1, depending on their impact on future contributions of reciprocal players.
The latter impact is larger in earlier periods, for two reasons: first, a unit con-
tribution at earlier periods has a larger impact on the average contribution, and
second, the contribution has an impact on more future periods. This leads to

selfish players contributing 1 at the beginning and 0 later.

5 General theoretical results

In this section, we show that the main insights from the previous example (selfish
players contribute in order to induce future contributions by reciprocal players,
decreasing pattern of contributions in equilibrium) extend to much more general

versions of reciprocity.

17Note though that it is not 1/((IN — 1)T), the direct effect of the contribution, unless there
is only one reciprocal player. If there are more than one reciprocal player, then the direct
effect is multiplied by a factor depending on 7" and N — S due to the fact that reciprocal
players reciprocate each others’ period-T' contributions.
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5.1 General assumptions on reciprocity

First, we impose that reciprocity functions are linear with respect to other
reciprocal players’ contributions. This assumption guarantees that the impact
of a marginal contribution by a selfish player on subsequent contributions by
reciprocal players does not depend on the history of contributions. Then the
amount of contribution by every selfish player in each period can be determined
solely on the basis of the future impact of the contribution on contributions
by reciprocal players. This both greatly simplifies the analysis and helps avoid
multiplicity of equilibria.

A1: Linear Reciprocity towards Reciprocal Players

fPR@ky = olf2k vie R, j e R/{i} and t, k € {1,..., T}, where k < t.

4,5 \"J 4,5J

The second assumption requires that a reciprocal player treat selfish players
symmetrically: contributions by one selfish player are reciprocated exactly the
same way as by another one. Note that we do not impose symmetric reciprocity
towards other reciprocal players. The motivation is that reciprocity towards
another player should only depend on the latter player’s preferences (and all
selfish players have the same preferences, but reciprocal players can have differ-

ent reciprocity functions, hence different preferences).

A2: Symmetric Reciprocity toward Selfish Players
thkey _ gtk , .
fioi ) =f()VieR,j,j €Sandtke{l,. T} where k <t.

4,J

The next two assumptions require that the extent of reciprocity not grow
over time. Assumption 3 is a condition on the level of reciprocity: it states
that a reciprocal player does not reciprocate in a strictly increasing manner a
nonincreasing sequence of contributions by any other player. This assumption
in particular implies that reciprocity toward a given contribution decreases over

time.

A3: Nonincreasing Total Impact of Contributions over Time

...,xé” is such that

t+1 t
ok > 2V ke {1,..,t}. Then k; f;i—]i_-l,k(xf) < k; f;’;“(xf).

Suppose i € R, j € N/{i}, t € {1,...,T — 1}, and x]l,

Assumption 4 is a statement on marginal reciprocity: it states the marginal

impact of a contribution on reciprocity k periods later (a contribution at ¢ on
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reciprocity at ¢ + k, a contribution at ¢ + 1 on reciprocity at ¢t + k + 1,...) does

not increase over time.

A4: Nonincreasing Marginal Impact of Contributions over Time

ofi"" (@)

For any x € [0,1], i € R, j € N/{i}, t <t, k> 0,and ' + k < T, i >

ofL M (@)

ox :

We note that although the above assumptions on the time structure of reci-
procity are sufficient to establish our main results, the reciprocity functions that
are most appealing to us are ones in which reciprocity is in some sense constant

over time. One way to formalize constant reciprocity over time is strengthen-

&k Lotk k
ing A3 by requiring that > fl'; HEAEDY fi (z¥) whenever z% = xj+1 v
k=1 k=1
ke {1,..,t} and j € N/{i}. A simple example of a reciprocity function satis-
fying this requirement is when contributions in the current and the preceding

period get reciprocated, at a constant rate:

fH)=(ao+a1) > =}, and
JEN/1i}
fley=a0 > altar Y aitift>2

JjeN/{i} jeN/{i}

The next assumption imposes that reciprocity is initially strictly positive
toward every other player. If reciprocal players are nonresponsive to selfish
players’ contributions, then there is no interesting dynamic strategic interaction

in our model.

A5: Positive Initial Reciprocity

For every i € R, j € N/{i} , and t € {1,...,T}, there exists ¢’ € {1,...,t} such

ofty (@)

=0
We also assume that the reciprocal players do not “overreciprocate” others’
contributions in the sense that at any period ¢, a unit increase in contributions
by other players up until ¢ increases the value of a reciprocity function by not
more than a unit. This, besides being a natural requirement, is imposed in

order to avoid multiplicity of equilibria resulting from reciprocal players either
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having optimistic expectations with respect to each others’ contributions and

contributing more, or having pessimistic expectations and contributing less.

A6: No Owverreciprocation

t tik (o k -
S %ﬁ_f) <1Vtefl,..,T}, i€ R, and (@f)icy) €0, 1] D8
k=1 jeNjy O

5.2 Decreasing pattern of contributions in equilibrium

The arguments used in analyzing the concrete model specification of Section
4 generalize to all specifications that satisfy the assumptions made in Section
5, for games in which individual contributions are revealed after each round.
In particular, since reciprocity functions are concave, no overreciprocation and
positive initial reciprocity imply that the impact of a contribution on future con-
tributions by reciprocal players is uniquely defined. Linearity in other reciprocal
players’ contributions implies that this impact is independent of contributions
made in other periods or by other players. Then for generic values of A (if
reciprocity functions are strictly concave in selfish players’ contributions, then
for all values of A), selfish players’ contributions are uniquely determined in
subgame perfect equilibrium at every period. Nonincreasing marginal impact of
contributions over time then implies that the marginal return of contributions
at earlier periods, when more periods are left to be played, is higher. This
establishes that selfish players’ contributions are weakly decreasing over time.
Finally, nonincreasing total impact of contributions over time implies that the
reciprocal players’ contributions are weakly decreasing over time, too. The dif-
ference between this more general specification and the linear setting of Section
4 is that selfish players’ per period contributions are not restricted to be either 1
or 0. Depending on the reciprocity functions, the contributions of selfish players
can follow any weakly decreasing pattern.'®

Theorem 1: If S > 1, then for generic A, the game in which individual con-
tributions are revealed after every period has a unique subgame perfect Nash

equilibrium, and this equilibrium exhibits a weakly decreasing pattern of con-

18For example, if reciprocity functions towards selfish players are such that marginal re-
ciprocities towards initial contributions are high enough, but they decrease fast enough for
additional amounts of contributions, then selfish players’ contributions in equilibrium take
intermediate values (strictly between zero and the whole endowment) in all rounds but the
last.
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tributions. If reciprocity functions are strictly concave in selfish players’ contri-

butions, then the above statement holds for all A.

As opposed to the game in which individual contributions are revealed after
each period, the game in which only the average contribution of the group is
revealed typically has many different perfect Bayesian Nash equilibria (PBNE).
The reason is that in this information environment, reciprocal players’ out-of-
equilibrium beliefs are not uniquely determined in PBNE. After a deviation,
players are only informed that the total contributions to the public good differ
from what the equilibrium specifies. Then for different beliefs by the reciprocal
players concerning who deviated, their continuation strategies after the devia-
tion are different. This indeterminancy of out-of-equilibrium beliefs can result
in many different equilibria: in particular, ones in which selfish players’ contri-
butions are asymmetric, and ones in which contributions are nonmonotonic over
time. However, we show that there is always a PBNE which yields the same
outcome as the unique subgame perfect Nash equilibrium of the game in which
individual contributions are revealed. Furthermore, this contribution path is
implied by every pure strategy PBNE where selfish players contribute the same
after any history (the equilibrium is strongly symmetric with respect to selfish
players), and the following feature of beliefs is common certainty among players:
after any observed deviation, all reciprocal players believe with probability one
that it was one of the selfish players who deviated whenever this belief is possi-
ble. We consider the above equilibria focal, but we do not argue that they are
the only plausible equilibria in the game in which only aggregate contributions

are revealed after each period.

Let # = Y zF. For any t-period long history h* = (2})ien,...(2!)ien,
let w;(ht) den(;fév the beliefs that player ¢ has over other players’ action choices
so far in the game (note that beliefs can only depend on the observed part of
the history: w;((z})ien,.-(z})ien) = wi((y})ien: (Y )ien) if (T, 2¥) 1,0 =
T, yF)k=1...+). Let s't1(ht) denote the period-(¢ + 1) action profile specified
by s after ht. If s is strongly symmetric with respect to selfish players, then let
sk (h?) denote the period-(t + 1) action specified by s for a selfish player after
ht.

Definition: For a strategy profile s that is strongly symmetric with respect

to selfish players, reciprocal players think that a selfish player is responsible for
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any deviation if for any 7 € R and any history h* = (z})jen, .-.(2})jen which
satisfies that xé-‘H = sé-“(ht) V j € R and that

e | ) s R = s RN, Y ST 1= s |
JEN JEN
w;(h') allocates positive probability only to histories (yf)l;g J{,t which satisfy
that for every | € {1,...,t—1} 3’ € S such that y* = sﬁfl((x})je]v, (@h)jen )+
i z;v Sé+1(($}/)j/eN, ...(.’L'é-/)j/e]v) and yé“ = (S-lj+1($;-/)j/€]\], ...(.’L'é-/)j’eN)
Jje
vV j e N/{I}.

Theorem 2: Assume S > 1 and that A is such that in the game in which
individual contributions are revealed after each period, there exists a unique
subgame perfect Nash equilibrium. Then in the game in which only aggre-
gate contributions are revealed in each period, there exists a perfect Bayesian
Nash equilibrium which yields the same outcome. Furthermore, this outcome is
implied by every pure strategy perfect Bayesian Nash equilibrium which is (i)
strongly symmetric with respect to selfish players, and in which (ii) it is com-
monly believed that reciprocal players think that a selfish player is responsible

for any deviation.

6 Properties of the equilibrium contribution path

Our model is consistent with a series of comparative statics results in the ex-
isting literature on public good contribution experiments, and it can explain
the restart effect. We discuss these and explore some additional implications of
our theory.'? In what follows, we assume that individual contributions of the
players are revealed after every period, and focus on the (generic) parameter
values for which the game has a unique subgame perfect Nash equilibrium. The
same results apply to PBNE with the properties stated in Theorem 2 for games

in which only aggregate contributions are revealed.

6.1 Comparative statics

Private Return from Contributing

19See the next section for testing these implications in a laboratory setting.
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Increasing the return of the public investment (A) brings the individual re-
turn from contributing to the public good (%) closer to the return from private
investment (1). It is well-documented in experimental settings that this in-
creases players’ contributions to the public good (see for example Isaac and
Walker [88], and Isaac et al. [94]). The next theorem shows that this is in
accordance with our model: an increase in A (weakly) increases contributions

by all players in all periods.

Theorem 3: Assume S > 1. Let A and A be such that that the games in which
the return of private investment are A and A have unique subgame perfect Nash
equilibria s and 5. Then A < A implies s! < 5!Vt e {1,..,T} and i € N.

Number of Periods

Increasing the number of periods in public good contribution games is shown
to result in a longer period of positive contributions and in higher aggregate
contribution levels (see Isaac et al. [94]). This effect is implied by our model,
too. In a longer game, selfish players have higher incentives to contribute,
because there are more future periods in which reciprocal contributions are

affected. Then in equilibrium, all players end up contributing more.

Theorem 4: Assume S > 1. Let A be such that the games with 7' and T
number of periods have unique subgame perfect Nash equilibria s and 5. Then
T < T, ft = f! implies s < 5 V¢ € {1,...,T} such that ¢ < min(T,T) and
i€ N.

Endowment Level

The effect of an increase in the endowment levels depends on whether the
domain of reciprocity functions is relative or absolute levels of contributions.?°
In the former case, changing the endowment level does not change relative con-
tributions (changes absolute amounts of contributions proportionally to the en-
dowment). If reciprocity functions are defined on absolute amounts of contri-
butions, then an increase in endowments increases contributions, but in general
not proportionally (only linear reciprocity functions imply that). In any case,
our model is consistent with the findings of Fehr and Tougareva [95], Hoffman
et al. [96], Slonim and Roth [97,] and others (although without further as-
sumptions does not imply it) that even if monetary stakes are high, voluntary

contributions in experiments are high.

20Note that we normalized per period endowment to 1; hence we could put this issue aside
beforehand.
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Number of Players

Changing the number of players leads to ambiguous comparative statics in
our model. We give the intuition for this using the symmetric linear specification
of Section 4.

Consider first an increase in N such that both %, the ratio of selfish and
reciprocal players, and %, the private benefit from public contribution, are held
fixed. It is easy to show that the marginal effect of a unit contribution at ¢
by a selfish player on total contributions at ¢ + 1, ﬁ, decreases in N if

S is held fixed. However, the effect of increased contributions by (N — )

N—S
reciprocal players at t+1 on contributions at t+2, ((JJ\\[[:S;J:% (N_l)(ltJrl)JrS (N=5),

increases in N if % is held fixed. The intuition behind these relationships
is that for a fixed %, a larger N implies that from a selfish player’s point
of view, the ratio of reciprocal players among others is higher, while from a
reciprocal player’s point of view, the ratio of reciprocal players among others is
lower.2! Overall, an increase in N, depending on the parameters of the model,
can lead to either higher or lower equilibrium contributions.

This ambiguity corresponds to the mixed empirical findings concerning group
size. Isaac and Walker [88] and Isaac et al. [94] report that increasing group
size increases contributions to the public good. On the other hand, Bagnoli and
McKee [91] find that increasing group size has a negative effect on contributions,
especially in early periods. The latter finding fits our results particularly well.
In any case, the model we propose is consistent with the fact that even in large
groups, contributions to the public good can be large.

If N is increased such that A (and 2+) is held fixed, again comparative

N-S
statics are ambiguous, but it becomes more likely that aggregate contributions
decrease, because of the decrease in %. This is consistent with the findings

of Isaac and Walker [88] and Isaac et al. [94]. Another prediction that our
model gives is that the variance of contributions decreases with group size. It is
because for any ratio of selfish and reciprocal players in the population, a larger
group size implies that the ratio of players in the given game is more likely to be
close to the population average. As far as we know, this aspect of contributions

has not been tested yet.

21 A concrete example is that if half of the players are reciprocal and N = 4, then from a
selfish player’s point of view, 2/3 of the other players are reciprocal, while if N = 10, then
only 5/9 of them are. From a reciprocal player’s point of view, 1/3 of the other players are
reciprocal if N =4, and 4/9 of them are if N = 10.
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6.2 Relative contributions by selfish and reciprocal play-

ers

In this subsection, we investigate how equilibrium contributions depend on
group composition.?? The equilibrium contribution pattern has the same qual-
itative feature (weakly decreasing) for any group composition that involves at
least one selfish player, but the ratio of selfish to reciprocal players influences the
level and time pattern of contributions. If a group consists of only selfish play-
ers, then the unique subgame perfect Nash equilibrium of the game involves zero
contributions in every period (unique perfect Bayesian Nash equilibrium if only
aggregate contributions are revealed). More generally, for any A and T, there is
a critical ratio such that if the fraction of selfish players exceeds this ratio, then
the unique subgame perfect Nash equilibrium involves zero contribution. An
increase in the number of reciprocal players increases selfish players’ incentives
to contribute, leading to a larger number of periods with positive contributions
and to a higher amount of contribution by every selfish player. However, re-
ciprocal players’ equilibrium contributions are not necessarily monotonic in the
ratio of selfish to rational players, even if the distribution of reciprocal types is
held constant.?

Theorem 5: Consider two public good contribution games G and QA in which
individual contributions are revealed after each round, and in which N = N ,
T=T,5>8 fi()=fl()Vie{S+1,.,N}, and t € {1,...,T}. Assume
G and G have unique subgame perfect Nash equilibria s and . Then s! < 3§ V
ie{l,...S5yand t e {1,...T}.

Our model does not give a clear prediction for the ratio of total contributions
by a selfish and a reciprocal player. In the specification of Section 4, selfish
players contribute strictly less in equilibrium than reciprocal players, but for
different reciprocity specifications, selfish players might end up contributing
more. The intuition behind this is that although selfish players only contribute
in equilibrium to induce future contributions by reciprocal players, the condition

for a unit contribution to be optimal is not that it induces more than a unit of

22We state the formal theorems for subgame perfect Nash equilibria of games in which indi-
vidual contributions are revealed, but again the results apply to all perfect Bayesian equilibria
that satisfy the conditions of Theorem 2 for games in which only aggregate contributions are
revealed.

23Tn the specification of Section 4, a decrease in the number of selfish players always increases
reciprocal players’ contributions, too.
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total contributions by each reciprocal player, but that in total, it induces at least
as much contribution in the future as 1— %, the difference between the returns of
the private investment and the public contribution. However, there is a general
implication of the model with respect to the timing of contributions of selfish and
reciprocal players: every reciprocal player contributes positive amounts for at
least as many periods as any selfish player. The reason is that selfish players have
purely forward-looking considerations in contributing, while reciprocal players
are partly backward-looking in deciding how much to contribute; hence selfish
players’ contributions tend to be relatively more concentrated on earlier periods

than reciprocal players’ contributions.

Theorem 6: Consider the game in which individual contributions are revealed
after each period, and assume there is a unique subgame perfect Nash equilib-
rium s. Then s! > 0 for some i € S implies s¥ >0V j € Rand k € {1,..., t}.

6.3 The restart effect

Consider a surprise restart announcement, as in Andreoni [88], that the same
group of players are to play another session of repeated contribution games. If
players treat the restarted game as a new game, then our model immediately
explains the restart effect. If the conditions of Theorem 1 hold, then there is
a unique subgame perfect Nash equilibrium, so the contribution pattern in the
restarted game is expected to be the same as in the first game. This equilib-
rium implies a decreasing pattern of contributions; thus, in the first period of
the restarted game, contributions are higher than those in the last period of the
preceding game. Even if players do not treat the new session as a new game,
but as an extension of the first game (and therefore aggregate contributions in
the previous game become a history in a longer game), the model is compatible
with the restart effect. This is because selfish players’ contributions in equilib-
rium depend on the number of periods left to be played. If it is unexpectedly
revealed that more periods are to be played than previously thought, selfish
players have increased incentives to contribute. This unambiguously increases
the contributions of selfish players, which has a positive impact on reciprocal
players’ contributions as well. Whether reciprocal players contribute more in
the first period of the restarted game than in the last period of the game be-
fore depends on the concrete specification of reciprocity functions (how much

reciprocal players care about the “distant past”).
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6.4 One-shot games

In a one-shot game, conditions A1-A6 guarantee that if there is at least one
selfish player, then there is a unique Nash equilibrium of the public good con-
tribution game, in which all players contribute zero.?* The result applies to
restarted one-shot games as well. The intuition behind the result is simple.
Since there is no continuation, all selfish players contribute zero. Then A5 (pos-
itive initial reciprocity toward any player) and A6 (no overreciprocation) imply
that the only fixed point of the expectations of reciprocal players is when they

expect zero contributions from each other.

Theorem 7: If T'=1and S > 1, then the game has a unique Nash equilibrium,
which involves all players contributing 0 to the public good.

This result corresponds to the empirical finding that although initially sub-
jects contribute significantly positive amounts in one-shot games in an exper-
imental setting, contributions seem to go to zero with learning. In a setting
in which after each round of play, subjects get randomly assigned to a new
group (called the “strangers” treatment in the literature), contributions to the
public good diminish over time, according to both Andreoni [88] and Croson
[96].2° This suggests that in these games, contribution is not an equilibrium
phenomenon. In Section 7, we provide further experimental evidence that con-

tributions diminish in one-shot games as players get more experienced.

7 Experimental design

7.1 Hypotheses

The purpose of the laboratory experiments is to test some features of our model

in a voluntary public good contribution context. Some of these implications

24This result holds both for the game in which individual contributions are revealed and for
the game in which only aggregate contributions are revealed. Note that in a one-shot game,
the above change in the information environment is immaterial for strategic considerations,
since the game is over by the time contributions are revealed.

25The results in Andreoni [88] and Croson [96] differ in whether initially subjects contribute
more in a strangers treatment or in a partners treatment (thc latter corresponds to the same
set of players staying together and playing the game multiple times). Since we argue that
contributions in the strangers treatment are due to inexperience and disappear with learning,
the above debate is irrelevant for the points that we make.
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apply not only to our model, but to any theory that predicts that play approxi-
mates an equilibrium as players get more experienced. Other features are more
intimately connected to the ideas we have presented. Our model assumes no
uncertainty; therefore we focus on players who are experienced with the game
(already played multiple rounds of the same game) and also have some informa-
tion about how others in the group play. The latter can be either because they
already played the game with the same set of opponents (it is a restarted game,
where the restart was surprise) or because they received some information from

the experimenter about their opponents’ past play.

The main hypotheses we wish to examine are:

H1: With experienced players in restarted games, there is a declining pattern of
contributions in 10 times repeated games. Furthermore, with experienced

players, the restart effect is significant.

H2: With experienced players, the restart effect is not significant, and contri-

butions are not statistically different from zero in one-shot games.

H3: The average contribution path in restarted 10 times repeated games sta-

bilizes as players get more experienced.

H4: Players’ expectations approach actual play in restarted 10 times repeated

games as they become more experienced.

H5: With experienced players, selfish players start contributing zero earlier

than reciprocal players.

H6: Contributions positively affect other players’ subsequent contributions,

even with experienced players.

H1 is an implication of Theorems 1 and 2, which provide conditions under
which the contribution of every player to the public good is weakly decreasing.
What we test here is that the restart effect and the declining nature of contri-
butions are valid even for players who have become experienced with both the
game and each other. H2 follows directly from Theorem 7. H3 and H4 test
the hypothesis that play is approximately in equilibrium if players are experi-
enced. H5 is intended to test Theorem 6. Finally, H6 examines the existence of

conditional reciprocity when players are experienced.
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7.2 Treatments

Table 1 describes the eight experimental treatments we ran. In all sessions in-
volving play of the public good game, players played the stage game in groups
of four, with per-period endowment of 20 tokens. The average public contribu-
tion was multiplied by a scale factor of 1.6, and players received this amount
plus the remainder of their endowment after their contribution. The sessions
varied on the number of repetitions of the stage game, the way in which players
were reshuffled and restarted, the information solicited from participants before
playing a set of ten games, and the information revealed to subjects after each
game. In each session, subjects were asked to answer two control questions as a
check on their understanding of the payoffs.26 At the end of the session, tokens

were converted to dollar amounts.

The first treatment, Session O, involved only one-shot games, with the in-
tention to test H2. In the first part, subjects played one-shot public good con-
tribution games and were reshuffled after each period. Finally, after the 19th
period, there was a surprise restart and subjects played with the same group. In
the second phase of the experiment, subjects played one-shot games, and after
each period, the likelihood of being reshuffled was 0.75. With the remaining
probability, the group stayed together to play an extra round. Subjects were
informed in advance about these probabilities. In the second part, subjects
played a total of 25 one-period games. The advantage of this design is that it
makes possible to study the behavior of subjects after multiple restarts while
still maintaining that restart comes as a surprise (the chance for the latter is

only 25%) in order to mitigate repeated game effects.

Sessions A, B, C, as well as B-IH and C-TH, were used to examine H2-H4 and
H6. In Session A, we first asked players to play a 10 times repeated public good
game, where the group composition stayed the same for ten periods. Players
were only informed that the stage game would be played for ten periods. At
the end of each period, players were informed the average contribution of the
group. After the tenth period, there was a surprise restart and the players were
asked to play ten more games with the same group. This concluded part I of

Session A.

In part II of Session A and in all of Session B, we used the same probabilistic

26The actual instructions and control questions are available from the authors upon request.
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continuation design (after any newly started 10-period game, reshuffling the

group with probability 75%) as in part II of Session O.

Session C differed from Session B in only one way. At the beginning of every
round of a ten-period repeated game, we asked subjects to report what they
expected the average contribution of their three opponents to be in the first,
fifth, and tenth period of the coming game. This session was intended to test
H4.

Sessions B-TH and C-IH maintained the same structure as Sessions B and
C, with the exception that after each period, the individual contribution of
each group member was revealed to players. In a group, the opponents of a
given player were randomly labeled A, B, and C, and the labeling stayed fixed
for the ten-period game (and also if that game was restarted). After a player
made a contribution decision, s/he was informed about what player A, B, and

C contributed in that same period.

Finally, Session T was designed to test H5. Part I consisted of a gift exchange
game. In this game, players were randomly paired, with each of them taking the
role of first proposer and second proposer three times. No subjects were ever
paired with the same opponent more than once. In all games, the first proposer
started the game by deciding on what fraction of her endowment of 10 tokens
to give to the second proposer. This amount was doubled and was given to the
second proposer. The remaining portion of the first proposer’s endowment was
kept by her (but was not doubled). Following this first offer, the second proposer
responded by deciding how much of her endowment of 10 tokens to give to the
first proposer, who received double this amount. The remaining portion second
proposer (but was not doubled). Play in the gift exchange games was used
to identify the degree of reciprocity in players. We constructed a measure of
reciprocity based on how players responded to positive proposals when playing
as the second proposer. The index of reciprocity was the ratio of their response
to the first proposer’s offer when the first proposer’s offer was nonzero. The
higher this ratio was on average, the more reciprocal we regarded a player. In
particular, we labeled the eight subjects with the highest reciprocity ratios as
“reciprocal players” and labeled the eight subjects with the lowest reciprocity
ratios as “selfish players.” We labeled the rest of the players in the experiment

“unidentified.”
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Subjects were not made aware of the second part of Session T until after
completion of the first part. In part II, we asked players to play two sets of
ten-period public good games in groups of four, where groups were randomly
reshuffled, so that they become experienced with the game. Then, we sorted
players into groups with three reciprocal players and one selfish player, and
groups with one reciprocal player and three selfish players.2” Before the start
of the ten-period game, subjects were made aware of the histories of all their
opponents as second proposers in the gift exchange game. After the tenth game,
subjects were resorted into different groups of three reciprocal players and one
selfish player, and groups with one reciprocal player and three selfish players,
and played another round of the ten-period repeated game. Again the histories
of everyone in the group as second proposers in part I were shown to the players

before the game.

Session T-TH mimicked the design of Session T, with the exception that
individual contributions of group members were revealed to players after every

period.

8 Experimental results

All eight sessions were conducted with zTree (Fischbacher [99]) at the Com-
puter Lab for Experimental Research at Harvard Business School. Subjects
were recruited from the greater Boston area, with a large fraction of university
students from Harvard, MIT, BU, and Northeastern. No subjects were allowed

to participate in multiple sessions.

Table 2 summarizes the treatment conditions and payment profile of the
subjects. Each session lasted approximately 1.5 hours. In the first session,
subjects were paid on average of $25.00, and the average number of tokens
received was 1,660. Given the show-up fee of $10.00, this corresponds to a
ratio where 22 tokens is approximately 20 cents. In the other treatments, the
conversion ratio was similar. The sessions were run between September 2005
and March 2006.28

27The unidentified players played among each other in the remaining groups.
28We also ran earlier pilot studies in July 2005. We do not report the results of these
sessions here.
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In the following, when we discuss play in restarted games, we will pool play
in restarted games from Session A, B, and C to have enough observations of play
in restarted games. Similarly, we will pool observations from B-IH and C-IH
together. Since there were some differences in the designs of these sessions, we
tested for differences in play across the treatments. We found that play in the
last four rounds (the observations on which we focus) in Session A, B, and C
displayed the same general patterns, and we could not reject the hypothesis that
the contributions in the first game and tenth game were equal across sessions.
Similarly, we could not reject the hypothesis that contributions in the first and
tenth game were equal across Session B-IH and C-IH.?° In particular, soliciting

expectations did not seem to change contribution patterns.

To examine the first hypothesis, Panel A of Table 3 shows the mean and
median contributions in restarted games for the two rounds before the last two
rounds. In all sessions, the mean contribution in the first period is positive
and statistically different from zero, while in the tenth game, an overwhelming
majority of players contribute zero. In Session A, B, and C, mean contributions
are not strictly decreasing, though the general trend is downward and any non-
monotonicities are less than one.3? In B-IH and C-IH, the mean contributions

are strictly declining.

Panel B of Table 3 shows the mean and median contributions in restarted
games in the last two rounds. These are the games in which we regard players
as experienced. In all sessions, contributions are significantly positive in the

first game, and the majority of participants contribute zero in the last game.

Figure 1 plots the average contribution paths in different rounds in restarted
games for Sessions A, B, and C pooled together. Darker lines refer to earlier
rounds. With the exception of Round 6, which involved only one group of four
in Session B, all other contribution patterns are declining. Figure 2 plots the

average contribution paths in different rounds for Sessions B-IH and C-IH. The

29The average contribution in the first game in the last four rounds in unrestarted games in
Session A was 10.3, in Session B was 9.0, and in Session C was 9.6. For the tenth game, the
average contribution in Session A was 2.4, in Session B was 0.5, and in Session C was 1.4. A
joint test for the equality of contributions in the first and and tenth game was not rejected at
conventional significance levels. Similarly, a joint test for the equality of contributions in the
first and tenth game between Session B-IH and Session C-IH was not rejected at conventional
levels.

30We only allow subjects to enter integer amounts as contributions.
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overall trend in contribution patterns is Declining, and there are no noticeable

patterns across rounds.

Figure 3 compares the pattern of play for a group that is restarted by plotting
the average contribution path in the ten periods before the restart and in the ten
periods after the restart. The figure demonstrates that there is a restart effect
in these games, as the average contribution in the last period of the previous
game is much smaller than play in the first period of the restarted game. In
Figure 4, we see the same pattern in games in which individual contributions

by players are displayed.

In Table 4, we report a formal test of the restart effect. Panel A displays
average contributions before and after restarts in the last two rounds of the
sessions and in two rounds before the last two rounds. We find that in the
period before a restart, the mean contribution is 1.66 while the median is 0.
Over three-fourths of players contribute zero. In contrast, in the first period
of the restarted game, the mean contribution is 7.75 and only 29% of players
contribute zero. Both the distribution of contributions and the fraction who
contribute zero are statistically different. The same pattern also exists two
rounds before the last two rounds. The mean contribution in the first period of
the restarted game is 6.20, and 43% of contributions are zero in contrast to the
last period. Interestingly, the positive restart effect is even greater in the last
two rounds than in the two rounds before the last two rounds. This shows that
even as players get experienced, they continue to display a significant restart
effect.

In Panel B, we present the analogous set of results for Sessions B-IH and
C-TH. We find that between 75% and 88% of players contribute zero in the tenth
game, while between 13%-23% contribute zero in the restarted first game. More-
over, the average contribution jumps from between 1.56-2.57 to 10.16-10.69. As

in the former treatments, both of these differences are statistically significant.

Conclusion 1. Experienced players contribute a statistically significant
lower amount in the last period before a restarted game than in the first period
of the restarted game. Furthermore, the average contribution in the first period

of a restarted game is significantly higher than in the last period.

Table 5 describes play in part IT of Session O. The table reports the mean

and median contributions in restarted games, as well as the fraction of players
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contributing zero in these games. For all of the games, 79% of subjects con-
tribute zero, with the fraction who contribute zero increasing from period 5-9.
In the last 5 periods, 94% of players in restarted games contribute zero. These

patterns imply no restart effect in one-shot games with experienced players.

Conclusion 2: Experienced players’ contributions in one-shot games are not

significantly different from zero, and their play does not exhibit a restart effect.

Summarizing the previous two results, positive initial contributions and the
restart effect continue to hold for experienced players in 10 times repeated

games, but they disappear with experience in one-shot games.

Figure 1, which shows the evolution of average contribution across rounds,
suggests that expected play stabilizes by the last two rounds. Table 6 presents a
formal test of this, by comparing the average contribution in periods 1, 5, and 10
across sessions between the last two rounds and the two rounds prior in restarted
games. In Panel A, we report that in period 1, the average contribution in the
last two rounds was 7.75, while the average contribution in restarted games
in two previous rounds was 6.20. The p-value of 0.20 shows that we cannot
reject a hypothesis that play was from the same distribution. For game 5, in
the last two rounds, the average contribution was 3.48 versus 5.66 in the two
previous rounds. This difference was statistically different. Finally, in game 10,
the average contribution in the last two rounds was 0.25 versus 1.41 two rounds
prior. The F-test row of the table indicates that the joint of the equality of all
three distributions of play across early and later rounds cannot be rejected at
conventional significance levels. Panel B presents the same exercise for Sessions
B-TH and C-TH. The table shows that average play in each of periods 1, 5, and
10 appears to be from the same distribution, and the joint test cannot reject
the hypothesis that play in each game is from the same distribution. Panel C
pools the data from the first two panels. The pattern that emerges supports the
hypothesis that play in game 1 and game 10 is the same in the last two rounds
and in the previous two rounds. Play in game 5 appears to be marginally
statistically different. The joint test cannot reject the hypothesis that play is

from the same distribution for each game.

To summarize, average contributions at the beginning of the game seem to
stabilize after a few rounds of play, but we do not have conclusive evidence on

whether the rate at which contributions go down to zero gets close to a steady

32



state during the same time.3!

This is very similar to the findings of Selten
and Stoecker [86], who examined play in 25 repetitions of a 10-period prisoner’s
dilemma. They observed in their data that the cooperation appeared to stop
earlier in the sequence of ten games in their later repetitions at a slow rate.
Even with their considerably larger number of repetitions, they were unable to
conclude whether cooperation would eventually terminate or whether it would

converge to a limit.32

Conclusion 3: Average contributions at the beginning and at the end of
restarted games stabilize by the last two rounds of the experiments. It is unclear

whether the rate at which contributions go to zero stabilizes by the same stage.

Table 7 examines the how closely expectations solicited before playing a
sequence of ten games match actual play. The table focuses on restarted games
in the last two rounds of Sessions C and C-IH. For the first game, players
expect the average contribution to be 6.44, and on average, the actual average
contribution of the three opponents is 6.90. For Session C-IH, the average
expected play is 10.87, while the average actual play is 10.44. Similarly, for the
fifth game and for the tenth game, the average expected play closely tracks the
average actual play. The fraction of players overestimating others’ contributions
is similar to the fraction who underestimate them. The median difference for
Sessions C and C-IH together in game 1 is —1.17, in game 5 is 0, and in game
10 is 0. This means that in games 5 and 10, remarkably, the median player’s

expectations are exactly correct.

The last three columns show estimates from a regression of expected contri-
bution on average contribution. The regression estimates show that the average
contribution is correlated almost one-to-one with expected contribution, and
the amount of variation explained by the average contribution is high. The
pattern is the same for both the first game and the fifth game. For the tenth
game, a large fraction of observations are 0. This prevents us from running the
regression but indicates that a large fraction of subjects correctly anticipate at

the beginning of the game that although initial contributions in the game will

31 A further investigation of this would require sessions with a higher number of rounds.
Given that each round of 10-period game takes up a considerable amount of time, the ap-
propriate design would have to address how to maintain the concentration of subjects after
playing the same game over and over again for a long period.

32For more recent work on the rate at which cooperation decays, see Meyer and Roth [06].
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be high, contributions at the end of the game will be close to zero. In short,

players clearly foresee the declining pattern of contributions.

Although there are some differences between expected and actual play, taken
together, these regressions show that there seems to be no large systematic error

in expectations for experienced players in restarted games.

Conclusion 4: Experienced players on average correctly anticipate the pat-
tern of contributions in a 10 times repeated game. In particular, they foresee

that contributions will be close to zero by the end of the game.

Table 8 reports the results from sessions T (Panel A) and T-IH (Panel B).
The first two rows of Panel A show the average contribution per player for
ten games for the group with more reciprocal players and for the group with
more selfish players. The more reciprocal groups tend to contribute a much
higher amount per player than the more selfish groups. Also, in the groups with
a majority of reciprocal players, the last positive contribution is always by a
reciprocal player. In groups with more selfish players than reciprocal players,
the last positive contribution is by a reciprocal player half of the time. The next
two rows of Panel A report play in the more reciprocal groups. Since there is
relatively little cooperation in groups with three selfish players, we only focus on
groups with three reciprocal players when calculating the average contribution
per player. The table reports that the average selfish player in a reciprocal group
contributes 44 tokens over the span of ten games, while the average reciprocal
player contributes 124 tokens over the span of ten games. Thus, the average
contribution per game of the selfish player is 4.4, while for the reciprocal player
it is 12.4.

In Panel B, we find that the average contribution with individualized his-
tories is smaller in groups with more selfish players. We also find that selfish
players on average contribute less than reciprocal players in groups with many

reciprocal players.

In both Panels A and B, the last positive contribution is made by a reciprocal
player in all of the groups with three reciprocal players, and half of the time,
it is made by the sole reciprocal player in the groups with three selfish players.
Panel C compares when selfish and reciprocal players stop contributing. The

table shows that selfish players on average stop contributing between the 4th
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and 5th game,33 while reciprocal players stop contributing in their 6th game.
The average difference between the stopping times is 1.4, and it is statistically
significant at the 10% level, despite the small number of observations and the

presumably noisy method of identifying types.

Conclusion 5: In 10 times repeated games, selfish players stop contributing

earlier than reciprocal players.

The last table considers a measure of the importance of the strategic incen-
tive to contribute. For the 10 times repeated public good games in Sessions A,
B, C, B-IH, and C-IH, the table reports regressions on the correlation of the av-
erage first period contribution on subsequent play. The three columns regress an
individual’s contribution in the second game on the average contribution in the
first period. The table reports the estimated coefficient and T-statistic in brack-
ets of the impact of the average first period contribution. Each row corresponds
to a different specification: OLS is simply an ordinary least squares regression
with an intercept; session fixed effects include a fixed effects for whether the
public good game was played in Session A, B, C, B-IH, or C-IH; and round
fixed effects include fixed effects for the round of play. The fixed effects spec-
ifications control for the differences across sessions and time within a session.
The three columns correspond to both restarted and not restarted games, only
not restarted, and only restarted games. There is no difference across the type
of game. The three columns all show a robust pattern: a unit increase in the
first period contribution of a player increases others’ contributions in the next

period by around 0.4 unit.

This establishes the existence of conditional reciprocity even when players
are experienced. We note that the amount of responsiveness we found in second
period contributions is not enough by itself to induce selfish players to contribute
in the first period. However, presumably first-period contributions have an effect
on contributions in periods after the second one, too, increasing the selfish
players’ incentives to contribute at the beginning. We cannot estimate the
latter effects from our data, because players’ contributions are endogenous in
all previous contributions of others and therefore in their own contributions up

until two rounds preceding the current round.3*

33This implies that the period of their last positive contribution is the 3rd and 4th game -
3.53.

34The correlation coefficient between the total number of units a player contributes in rounds
2-10 and the average number of units the others contribute in round 1 is 4.5.
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Conclusion 6: For experienced players, contributions in the first round

positively affect contributions in the subsequent round.

9 Conclusion

This paper shows that all documented findings from finitely repeated public
good contribution games can be explained by a model in which there are two
types of players: ones who only care about their own material payoff, and ones
who are conditionally reciprocal. The model can be extended to various other
games, like centipede games and finitely repeated oligopoly games, in which
selfish players have an incentive to cooperate at early stages if they anticipate
that the cooperation might be reciprocated. One caveat is that in different
settings, the domain and the range of reciprocity might change. For example, in
centipede games in which at every stage, players face a binary decision whether
to continue or terminate the game, reciprocity might be defined on continuation

probabilities. We hope to return to investigate these issues in future work.

10 Appendix: Proofs

Lemma 1: Let t € {0,....,T — 1}, (z})ien, .-, (z})ien be a length-t contribu-
tion history and (I§+1)ies, .y (x1)ics be a sequence of contributions by the
selfish players after period ¢. Assume Al, A5 and A6 hold. Then there is

a unique sequence of contributions by the reciprocal players after period ¢,

(2™ ier, - (x])icr such that 2 = FE@) jenygiys - @) jenyqy) Vi e R
k=1 .

and k € {t+1,...,T}, and % = (I-M*) 2% wherezk = Y f;-k (5 )+
K=1jEN/{i}

ng{ff(ﬂ) Vke{t+1,.,T} and i € R, #% = (ZF)icr, and M* is the
je

(N — S) x (N — S) matrix whose diagonal elements are 0 and its (m,n)-th
element is ag’fmstrn.

Proof of Lemma 1: Assume that k € {¢t + 1,...,T} is such that after any
length-k history (z})ien, ..., (#F)ien and any sequence of period k+ 1 to period
k+1

)

T contributions (z;

T h)ies, o (#1);es by the selfish players there is a unique
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k+1

sequence of period k+ 1 to period T contributions (zi*");es, ..., (] )ics by the

reciprocal players such that
U plyfod !
zi = fil@j)senyiiy - (@5)jen/1ip)
Vie Rand!l € {k+1,...,T}. Note that the above trivially holds for k = T.
Consider now any length length-(k — 1) history (z})ien, .-, (z¥ 7 1)en and
any sequence of period k to period T contributions (z%);cs, ..., (*7 )ics by the
selfish players. By definition, if for some (y¥);cr it holds that

= FE(@))sens gy - @ jensay (@)ies, 0))jer))

Vi € R then zf = E’f% + M*zF. Assumptions A5, A6 and S > 1 imply that

> ai’jk <1V i€ R. Then by a well-known theorem (see Takayama (1985,
JER/{i}
p. 381)) I — M* is invertible and therefore the solution to ¥ = z% + M*z} is

unique and satisfies z% = (I — M*)~1Zg. The claim then follows by induction.
QED

Proof of Claim 1: First note that % < 1 implies that in any subgame
perfect Nash equilibrium all selfish players contribute 0 after any (7' — 1)-length
history (z})iens - (x;fr_l)ieN. Furthermore, in any subgame perfect Nash equi-
librium =7 = E; f1 (2} ien, - (:Cf_l)zeN,( PYjenyiy) ¥V i € R, where the ex-
pectation is taken with respect to player ¢’s behefs concerning ( IS jeny/{iy after
history (@})ien, .-, (xinl)ieN Lemma 1 then implies that there is a unique
continuation strategy profile (a: )jen after (z})ien, ..., (x] ')ien in subgame

perfect Nash equilibrium, and in this continuation profile

N-S
=5 (T - )(N sz+

t’ 1j€8

— NT—T v
T+

Z Z S—N+2T+ NT+ ST+ NST -T2 - N2T +N2T24+1"/
t'=1jeR/{i}

— N-1-8 .

£« S-N+2T+NT+8T+NST 12— NT + N?T? + 1"
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V ¢ € R. Note that only the first term depends on selfish players’ contribu-
tions.

Let ¢ € {1,...,T — 1} and assume that for every k € {¢t,...,7 — 1} and for
every length-k h1story (})iens -y (2¥);en all subgame perfect Nash equilibria
specify the same continuation profile, which is history-independent for selfish

players and satisfies:

ot = #ZZ"” +

t'=1j€S

’

(N —1)(k+1) L

Z > j
2 2 2 J
e S NATH (D)2 + N+ 5+ NS —N2) + (k+ 1)) (N2 1)

+

N-1-§ v

t/z:ls N+l+(k+1)2+N+S+NS—N2)+ (k+1)2(N2—1)""

for every ¢ € R. Then a marginal contribution by any i € S at t has zero
impact on contributions of any j € S, and its marginal impact on the total
future contributions of any j € R is C(t). By assumption C(t) # 1 — %. Then
independently of history, in any subgame perfect Nash equilibrium all selfish
players contribute 1 at ¢ if C(t) > 1 — 4 and 0 if C(t) < 1 — 4. Note that
the starting assumption implies that in any subgame perfect Nash equilibrium,
after any length-¢ history all reciprocal players get a per period payoff of 0 in
periods ¢ + 1, ..., T. Then after any length-(¢ — 1) history (z})ien, ..., (2! ien,
it has to hold that z! = E; f!((z})ien, ..., (] ")ien, (¢})jen/qiy) Vi € R, where
the expectation is taken with respect to player i’s beliefs concerning (x ) JEN/{i}
after history (z})ien, .. (x’;_l)ieN. Then Lemma 1, together with the starting
assumption, implies that for any length-(¢ —1) history, there is a unique continu-
ation profile in subgame perfect Nash equilibrium, which is history-independent

for selfish players and satisfies:

N-S
SR RO sz+

ﬂ 1jes
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’“Z“j 5 (N — 1)k o
S—N+1+k2+N+5+NS—N2)+k3(N2—1)"7

t'=1jeR/{i}
’“f N-1-§ o
=S —N+1+k2+N+S5+NS—N2)+ k(N2 —-1)""

for every k € {t,...,T} and i € R. The claim then follows by induction. QED

Proof of Theorem 1: The same arguments as in the proof of Claim 1 estab-
lish that in every subgame perfect Nash equilibrium at period T, all selfish play-
ers contribute 0 after any (7' —1)-length history, and that the continuation strat-
egy of reciprocal players after any (T — 1)-length history (z})ien, ..., (2] ")ien
is uniquely determined in subgame perfect Nash equilibrium and satisfies 27 =
FI(@))jens s (@] Njen, ((0)jes, (] )jeryqy) Vi € R.

Let t € {1,...,T — 1} and assume that for almost every A (if ff}l is strictly
concave for every ¢ € R, j € S and k,l € {1,...,T} then for every A), the
following hold: for every k € {t,....,T — 1} and for every length-k history
(x})ien, - (2F)icn, all subgame perfect Nash equilibria specify the same con-
tinuation profile, which is history-independent for selfish players and satisfies
that o} = f((x})jen/qiys - (28)jenyqip) Vi€ Rand I € {k+1,..,T}. Con-
sider now an arbitrary (¢t — 1)-length history (z})ien, ..., (2} ");en. Note that
any period-t contribution by a selfish player cannot influence period-t con-
tributions by other players. Furthermore, by the starting assumption, self-
ish players’ contributions from ¢ + 1 on are generically uniquely pinned down
in subgame perfect Nash equilibrium. Therefore a period-t contribution by
a selfish player can only influence reciprocal players’ contributions from ¢ +
1 on. Let M** be the (N — S) x (N — S) matrix whose diagonal com-

k.k

’
ponents are 0 and whose (m,n)-th component is gy, ¢\,

1, together with Al, implies that contribution z! by ¢ € S induces a to-
tal of 1(I — M) ~1(f 1" (x1));er contributions at ¢t + 1, a total of (I —

VX 7

Then Lemma

MU TUMIRIL (T M) (T (@) jer+ (£ 2 (21)) jer] contributions
at t+2, and in general for [ € {t+1, ..., T} a total which is equal to a linear non-

negative combination of (f;tlt(xf))JeR,,(fjlf (z!))jer at l. The aggregate im-

pact, and therefore the aggregate change in the flow future payoffs of 7, A'f (x})
is given by a linear nonnegative combination of (f;jl’t(x‘g))jeR,...,(ffgt(x‘g))jeR.
Since f;f is concave, differentiable, and increasing for every j € R and [ €
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{t+1,..,T}, Al is also concave, differentiable, and increasing. Furthermore,
if lef is strictly concave for every j € R then AE"’ is strictly concave. Meanwhile,
the net change in the flow payoff of 7 at t is (% — 1), a linear and decreasing
function. Since Af-Jr is concave and increasing, there can only be a countable
dAltT
dat
in [0, 1], and if AT is strictly concave then there are no parameter values like

set of parameter values for A such that =1- % has multiple solutions
that. Therefore, for almost all values of A (for any A if lef is strictly concave
for every j € Rand l € {t +1,...,T}), the contribution of 4 is uniquely pinned
down after (z})jen, -, (zt71)jen. Since this holds for any i € S and length-
(t—1) history (})jen, .- (2871)jen, the induction assumption implies that for
almost all values of A (for any value of A if reciprocity functions towards selfish
players are strictly concave), the continuation strategy after ¢ — 1 is uniquely
pinned down for all selfish players in subgame perfect Nash equilibrium.

Note that the induction assumption implies that in any subgame perfect
Nash equilibrium, after any length-¢ history, all reciprocal players get a flow
payoff of 0 in periods ¢t + 1,...,T. Therefore, after any length-(¢ — 1) history
(:C})je Ny eeey (x';-_l)je ~ and any subgame perfect Nash equilibrium s, it holds

that the action specified by s; after (z});en, ..., (xz-fl)jeN is

Eif((x})jen/qiys - (T )jens(iy)

V ¢ € R, where the expectation is taken with respect to player i’s beliefs con-
cerning (%‘T)jeN/{i} after history (z})ien, .-, (¥] ~')ien. Lemma 1 then implies

that after (le )ieNs - (#571)jen the period t contribution of i is uniquely pinned

J
down in subgame perfect Nash equilibrium, and

T = fiT((I})jeN/{i}v s (x;"r)jezv/{i})-

This concludes that for almost every A (if ff}l is strictly concave for every
i € R, jeSandk,l e {1,..,T} then for every A), the following hold: for
every k € {t — 1,...,7 — 1} and for every length-k history (z})ien, ..., (*F)icn,
all subgame perfect Nash equilibria specify the same continuation profile, which
is history-independent for selfish players and satisfies:

U el !

€Ty = fi((xj)jeN/{i}v s (xj)jezv/{i})
Vie Rand ! € {k+1,..,T}. By induction then, for almost every A (if
fF1 s strictly concave for every i € R, j € S and k,l € {1,...,T} then for

%,
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every A), there is a unique subgame perfect Nash equilibrium, which is history-

independent for selfish players and satisfies:

wh = f((x)jenygiys o (25) jeny(iy)

VieRandl e {1,..T}.
.. dA' (z) dATD ()
A4 implies that —4—— >

= dx
{1,...,T—1}; therefore, for generic parameter values, the contributions of selfish

for every i € S, x € [0,1] and t €

players are weakly decreasing in subgame perfect Nash equilibrium. A3 then
implies that along the equilibrium path, the contributions of all players are

weakly decreasing. QED

Proof of Theorem 2: Consider any pure strategy perfect Bayesian Nash
equilibrium s that satisfies the properties stated in the theorem, and any length-
(T—1) history K71 = (z})jen, ..., (] ~')jen which is such that at every period,
at most one selfish player deviated from the action profile specified by s. The
same arguments as in the proof of Theorem 1 establish that s specifies 27 = 0
after any length-(T' — 1) history for every i € S. Let h! = (2})jen, ... (z})jen
for I = {1,..,T — 2} and let h" be the null history. Then the assumption
that it is common certainty that reciprocal players think that a selfish player is
responsible for any deviation implies that after (:v} )ieNs s (x;‘-r_l) jen s specifies
a contribution level of E; £ ((y})jen/{i}» -+ (ijfl)jeN/{i}, (] )jen/q}) at T for
1 € R, where

() )sen = (A + 30wt = 30 sh (1), st (141))

jEN JEN

V1 e{l,..,T — 1}, and the expectation is taken with respect to i’s belief
concerning (J:JT)J-G ~. Then the same arguments as in the proof of Theorem 1
establish that after (:le) JEN, ooy (x;‘-r_l) jen all subgame perfect equilibria specify
the same continuation profile, which satisfies:

T—
zi = (@) sensiys o (@5 Djenyiin (@ )sjens i)
Vi € R. This implies that after any history like the above, the flow payoff of any
1 € Ris 0 in s. Furthermore, the above implies that if for two perfect Bayesian
Nash equilibria satisfying the properties in the theorem it holds that along the
equilibrium path they specify the same actions in periods {1,...,7 — 1}, then
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they also specify the same actions in period T

Suppose now that for some ¢ € {2,...,T} and k& > ¢t — 1, it holds that,
for any perfect Bayesian Nash equilibrium satisfying the properties in the the-
orem, it is true that after any length-%k history (a:})jeN, ceey (:zrf)jeN which is
such that at every period at most one selfish player deviated from the ac-
tion profile specified by the equilibrium, the continuation profile is such that
:vf“ = fiT((x]l)jeN/{i}, very (:vjrfl)jeN/{i}, (x;fp)jeN/{i}) V i € R. Suppose also
that if s and s/ are two perfect Bayesian Nash equilibria satisfying the prop-
erties in the theorem and (z})jen, .., (25)jen and (y})jen, -, (y})jen are two
length-% histories which are such that at every period at most one selfish player
deviated from the action profile specified by the equilibrium, then s and s/ spec-
ify the same actions along the continuation equilibrium path for all ¢ € S, and
that this is the same action sequence as implied by the unique subgame perfect
Nash equilibrium of the game in which individual contributions are revealed.
Then the same arguments as in the proof of Theorem 1 establish that the same
claims hold for all length-(¢—2) histories for generic A (for all A if f} ; is strictly
concave VI e {1,...T},i € Rand j € 5).

Since the null history satisfies that at every period, at most one selfish player
deviated from the action profile specified by the equilibrium, by induction for
generic A it holds that every perfect Bayesian Nash equilibrium satisfying the
properties in the theorem implies the same equilibrium path, which is equal to
the contribution path implied by the unique subgame perfect Nash equilibrium
of the game in which individual contributions are revealed.

A perfect Bayesian Nash equilibrium satisfying the properties in the theorem
can be constructed by specifying the above action choices for histories satisfying
that at every period, at most one selfish player deviated from the action profile
specified by the unique subgame perfect Nash equilibrium of the game in which
individual contributions are revealed, and arbitrary continuation equilibria that

are strongly symmetric with respect to selfish players after other histories. QED

Lemma 2: Consider two contribution games G and G with individual con-
tributions revealed after rounds, in which the players are the same: N = N ,
S=35, and f = f!Vie Rand t € {1,...,min(T,T)}. Suppose G and G have
unique subgame perfect Nash equilibria s and 3. If st <8t Vi € S, then st <5t
VieN.

k=1

Proof of Lemma 2: Let T* = min(7, f) Letgf = Y
K1 e ()

Kk’ k!
fi (3\?)4‘
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k—1 .
S EEEY, and let yF = S X (Y + X (s Vi € R and
jes k'=1jeN/{i} jes
k € {1,..,T*}. Suppose that for some k € {1,...,7*}, it holds that 8¢ > st V
i€ Nandt € {1,...k — 1}, and 3% > s¥ Vi € S. Note that this holds for
k = 1. Lemma 1 implies that 8% = (I — M*)~1g% and sk = (I — M*)~1yk,
where 7% = (UF)icr, y§ = (WF)icr, 5% = (V)ier, sk = (sF)icr, and M* is
the (N — S) x (N — S) matrix whose diagonal elements are 0 and its (m,n)-th

k

. k,k . k.k P . . k . .
element is g, ¢, Since %f” (s7) is increasing in s7 Vi € R and j € S,
J€

J

and (I — M k)_lyg is increasing in y;% in the relevant nonnegative range, the
above establishes that 5% > s¥ Vi € R. Then k < T implies 8t > st Vi € N and

t € {1,...k}, and 551 > s¥*1 v j € S. The claim then follows by induction.
QED

Proof of Theorem 3: The proof of Theorem 1 establishes that the equi-
librium contribution of any player ¢ € S in any period ¢ € {1,...,T} is given by

r! = argmax ((% — 1)z + Al*(z)) if the return to contributing is A, and it is
z€[0,1]

given by z! = arg max ((% —Da+ Alf (x)) if the return to contributing is A,
z€[0,1]

where A is a term that increases in z. A > A then implies that 51 > s! V
i€ Sandte{l,.. T}, where s is the unique subgame perfect Nash equilibria
of the game in which the return to contributing is A and s is the unique sub-
game perfect Nash equilibria of the game in which the return to contributing is
A. The claim then follows from Lemma 2. QED

Proof of Theorem 4: Theorem 1 establishes that the equilibrium con-
tribution of any player ¢ € S in any period t € {1,...,T} is given by z! =

al“g[mg?x (% — 1)z + Al (z)), where At is a term that increases in  and in-
z€(0,1
creases in 7. This implies s¢ > st Vi € S and ¢t € {1,...,T}. The claim then

follows from Lemma 2. QED

Proof of Theorem 5: Let i € {1,..,8} and t € {1,..,T —1}. For
any k € {t+1,..,T} and 2! € [0,1] let ¢¥(!) denote the marginal impact
in G of a contribution at ¢ by 7 on the period-k contribution of j, assuming
that the contribution does not effect period-k contributions of selfish play-
ers, and that =% = fF((x})yen/gy 0 (@ Djensy) Vi € R and k €
{t +1,..,T}. Let ¢¥(z!) be the corresponding marginal impact in G. Let
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~t+1,t 3 , 3 ,
S ) = (P, o SN @) and Ji () = (Fgh Y ), FN (o
For any j € R let fth( 5

Y e A R N
By Lemma 1, for any j € R, ct+1(x) S )awf% @li=s) 4nq

i

=41 ~ ittt
E;H(xi) _ UM aa% (= i)]]fs), where M**! is the (N — S) x (N — 9)
matrix whose diagonal elements are 0 and its (m,n)-th element is agfr;jfsln,
and M'1 is the (N — S) x (N — S) matrix whose diagonal elements are 0

. At Pl
and its (m,n)-th element is g Gin fii

for every j € {S +1,..,5} and fjj,l’tﬂ is an increasing function for every
4,3 € {S+1,.., 8}, it follows that ¢! (z!) > ¢+ (af) ¥ j € {S+1,...N}.
Suppose now that for some k € {t +1,...,T — 1}, it holds that ¢%(x}) > c¥(a?)
Vi€ {§ +1,...,N}. Then since ]/”;k;r,” is an increasing function for every
joj' € {S+1,..,8 and L € {t+1,....k+1}, it follows that &8 (af) > i+ (at)

. T
Vje{S+1,..,N}. Then by induction > Z Ky = > X (),
jeRk=tr1 JER k=t+1

. Since is an increasing function

that is

OA (z}) _ 9N ()
> .
ozt —  Ox!

K3

()

Since G and G both have unique subgame perfect Nash equilibria, in both
s and § a marginal contribution at ¢ by ¢ does not effect future contribu-
tions of selfish players, and for every k € {t + 1,...,T} it holds that s;“ =

fjk((s}/)j/eN/{j}a ey (S?,ﬁl)jleN/{j}) V] € R and
55 =[5 (i) yensys - (B3 Dyenyy)Vi € R.

Furthermore, st = argmax ((§ — 1)z + Al (z)) and
z€[0,1]

5t = argmax <(% — Dz + Af"'(x)) .

z€[0,1]

Then (*) implies ¢ > s! (note that (*) holds for any z! € [0,1]). QED

Proof of Theorem 6: By Theorem 1, st > 0 for some i € S implies s¥ > 0
V ke {l,..,t}. A5 then implies the claim. QED

Proof of Theorem 7: For any i € S, contributing 0 is a dominant strat-

egy, therefore s} = 0 for any Nash equilibrium s. By Lemma 1, there is a
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unique vector of contributions zg41,...,zx by the reciprocal players such that
1i(0,...,0, 2541, ...,xN) = x; ¥V i € R. Since f;(0,...,0) =0V i € R, the unique
Nash equilibrium of the game is then s} =0V i€ N. QED
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Average Contribution

Figure 1: Average Contribution in Restarted Games by Round, Session A, B, and C
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Figure 2: Average Contribution in Restarted Games by Round, Session B-IH and C-IH
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Figure 3: Average Contribution Pattern within Restarted Groups in Sessions A, B, and C
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Figure 4: Average Contribution Pattern within Restarted Groups in Sessions B-IH and C-IH
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Table 1— Treatments

1-period (Session O) 10-period (Session A)

19 1-period games, random group One 10-period game, random group
Surprise restart Surprise restart

One 1-period game, same group One 10-period game, same group

25 1-period games, groups reshuffled Five 10-period games, groups reshuffled

with known probability 0.75 after each set with known probability 0.75 after each game

10-period (Session B) 10-period (Session B-IH)
Six 10-period games, groups reshuffled Same as Session B with contributions of
with known probability 0.75 after each set all group members shown after each game

10-period (Session C) 10-period (Session C-IH)

Six 10-period games, groups reshuffied Same as Session C with

with known probability 0.75 after each set contributions of all group
members shown after each game

At the start of each set of games, ask
for expectations

Identifying Types (Session T & T-IH)
Six gift exchange games (play as first and second proposer equal number of times)
Two 10-period games, random group composition
Create groups based on gift exchange play; Display group history
One 10-period game
Create second group based on gift exchange play; Display group history
One 10-period game

Session with average group contribution and one with contributions of all group members revealed




Table 2— Treatment Conditions®

10-period games 1-period Identifying Identifying
Treatment Session A Session B Session B-IH Session C Session C-IH Types Types-IH
Number of 28 36 36 32 32 28 36 36
Participants
Average Earnings | $15.00 $14.05 $10.94 $15.00 $13.06 $13.00 $15.00 $11.97
Show Up Fee $10.00 $10.00 $10.00 $10.00 $10.00 $10.00 $10.00 $10.00
Range $21-30 $21-28 $17-25 $20-32 $20-26 $14-24 $20-31 $19-26
Date 10/11/05  9/30/05 3/10/06 12/8/05 3/6/06 9/30/05  12/8/05 3/6/06

@Notes: All sessions performed at Computer Lab for Experimental Research (CLER) at the Harvard Business School. Subject were
recruited among a pool of participants that include students from the Boston area. No subjects were allowed to participate in a session
multiple times.



Table 3— Contribution Pattern in Restarted 10-Period
Games in Multiple Restart Treatment®

Panel A: Two Rounds Before Last Two Rounds

Session A Sessions B & C Sessions B-IH & C-IH
Period Mean Median Mean Median Mean Median
1 5.9 4.5 7.8 7.5 10.2 10.0
2 6.0 2.5 7.8 6.5 9.9 10.0
3 5.1 2.0 7.3 6.0 9.7 10.0
4 3.3 0.5 6.3 5.0 9.3 10.0
5 1.7 0.0 5.7 5.0 9.0 5.0
6 1.6 0.0 5.3 3.5 8.0 1.5
7 0.6 0.0 4.7 0.0 6.4 1.0
8 1.6 0.0 4.0 0.0 3.6 0.0
9 0.7 0.0 2.3 0.0 2.8 0.0
10 0.7 0.0 14 0.0 0.2 0.0

Panel B: Last Two Rounds

Session A Sessions B & C Sessions B-IH & C-IH
Period Mean Median Mean Median Mean Median
1 6.0 4.5 6.2 4.0 10.7 10.0
2 5.4 6.0 5.9 5.0 10.1 10.0
3 3.1 4.0 4.8 1.0 9.5 10.0
4 2.0 2.0 4.3 1.0 8.3 5.5
5 1.3 0.0 3.5 0.0 6.7 5.0
6 1.9 0.0 4.1 0.0 4.8 4.0
7 2.3 0.0 3.6 0.0 2.5 0.0
8 3.1 0.0 2.5 0.0 2.2 0.0
9 2.3 0.0 1.3 0.0 1.7 0.0
10 1.3 0.0 0.9 0.0 0.6 0.0

%Notes: Statistics tabulated by author.



Table 4— Restart Effect in 10 Period Games Across Sessions®

Number of Fraction who
Game Games Mean Median contribute zero
Panel A: Sessions A, B, C
Last Two Rounds Last Before Restart 14 1.66 0.0 7%
First After Restart 14 7.75 7.5 29%
p-value < 0.01 < 0.01
Two Rounds Before Last Before Restart 10 1.63 0.0 85%
Last Two Rounds First After Restart 10 6.20 4.0 43%
p-value < 0.01 < 0.01
Panel B: Sessions B-I1H & C-IH
Last Two Rounds Last Before Restart 8 1.56 0.0 8%
First After Restart 8 10.69 10.0 13%
p-value < 0.01 < 0.01
Two Rounds Before Last Before Restart 11 2.57 0.0 75%
Last Two Rounds First After Restart 11 10.16 10.0 23%
p-value < 0.01 < 0.01

%Notes: Statistics tabulated by author.



Table 5— Contribution Pattern in One-Shot Games?

Type of  Number of Fraction who
Periods Game Games Mean Median Contribute Zero
All (1-25) | Restarted 35 0.91 0.00 79%
1-4 Restarted 4 0.50 0.00 75%
5-9 Restarted 9 1.36 0.00 61%
10-14 Restarted 7 1.14 0.00 79%
15-19 Restarted 7 0.46 0.00 86%
20-25 Restarted 8 0.78 0.00 94%

“Notes: Statistics tabulated by author.



Table 6— Evidence of Stabilized Play in Restarted Games®

Number of  Average in Average in Average in
Periods Observations  Game 1 Game 5 Game 10

Panel A: Sessions A, B, and C

Two Rounds Before

Last Two Rounds 56 6.20 5.66 1.41
Last Two Rounds 40 7.75 3.48 0.25
p-value 0.20 0.02 0.08
Pr(F>value)® 0.11

Panel B: Sessions B-1H & C-IH

Two Rounds Before

Last Two Rounds 44 10.16 9.00 0.20
Last Two Rounds 32 10.69 6.72 0.81
p-value 0.84 0.47 0.68
Pr(F>value) 0.49

Panel C: Sessions A, B, B-IH, C, & C-IH

Two Rounds Before

Last Two Rounds 100 8.81 7.13 0.88
Last Two Rounds 72 8.19 491 0.50
p-value 0.52 0.08 0.26
Pr(F>value) 0.13

“Notes: Statistics tabulated by author.
bJoint tests that play in games 1, 5 and 10 are from the same distribution.



Table 7— Expectations and Actual Play
in Sessions C and C-IH (Restarted)”

Number of Expected Play Actual Play Regression®

Session Round Games Mean Median Mean Median 3  T-stat R?
First Game

C 5-6 4 6.44 5.00 6.90 6.00 092 828 0.82

C-IH 56 4 10.87  10.00 1044 1083 0.92 5.06 0.63
Fifth Game

C 5-6 4 4.81 0.00 5.38 2.00 1.00 12.60 0.91

C-TH 5-6 4 7.06 5.00 4.82 4.17 1.05 4.12 0.53
Tenth Game

C 5-6 4 0.94 0.00 0.00 0.00 -¢ - -

C-IH 56 4 219  0.00 163 033 4 - -

“Notes: Statistics tabulated by author.

®This column presents the estimated coefficient, t-statistic and R? of the linear regression:

All regressions are without intercepts.
¢All observations of average actual play are zero.

47 observations of average actual play are zero, while 11 observations of expectations are zero.

expected play = (- actual play + e.



Table 8— Individual Behavior in Identifying Types Sessions®

Average Last Positive
Number of Contribution Contribution Is
Players Per Player By Reciprocal

Panel A: No Individualized Histories

Group
(3R,18) 16 104 100%
(3S,1R) 16 27 50%

Within (3R, 18)

Selfish 4 44 -
Reciprocal 12 124 -

Panel B: Individualized Histories Shown

(3R,18) 16 77 100%
(3S,1R) 16 70 50%

Within (3R, 18)

Selfish 4 70 -
Reciprocal 12 79 -

“Notes: Statistics tabulated by author. Group (3R,1S) means a group with 3 reciprocal players and 1 selfish player and group (1R,3S)
means a group with 1 reciprocal player and 3 selfish players.



Table 8— Individual Behavior in Identifying Types Sessions (cont.)”

Average Period
Number of of Last Positive
Players Contribution  p-value®

Panel C: Period of Last Positive Contribution®

Selfish 32 3.53
Reciprocal 32 4.97 0.06

%Notes: Statistics tabulated by author.
*From Wilcoxon two-sample test.
“When a player never contributes a positive amount, the period of the last positive contribution is 0.



Table 9— Impact of First Period Average Contribution®
of Opponents on Future Play

Dependent variable: Contribution in 2nd Game

Pooled Not restarted Restarted Restarted
(Last Two Rounds)

Value of 3:°:
OLS 0.49 0.41 0.61 0.44
[9.85] [6.69] 6.53] [2.61]
sesssion 0.38 0.26 0.50 0.30
fixed-effects [7.27] [4.14] [4.87] [1.54]
round 0.49 0.41 0.56 0.43
fixed-effects [9.63] [6.63] [5.86] [2.43]
N 956 752 204 72

%Notes: Statistics tabulated by author. T-statistics are in brackets under estimated coefficients. All 10-period games in Sessions A, B,
B-IH, C and C-IH are included.

®The regression equation is contribution in the second game = (3- avg contrib of opponents in first game + controls + ¢;;. The controls
in the OLS specification are an intercept, in the session fixed-effects specification they are session dummies, and in the round fixed-effects
specification they are round dummies.





