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ABSTRACT
The common focus of the three studies in this dissertation is the tension between
cooperative, efficiency-enhancing behaviors and the narrowly self-interested equilibrium
behavior predicted by standard game theory. In recent years, the tenets of the latter have
been challenged by empirical findings that indicate that humans are more cooperative
than traditional normative theory predicts. Basic concepts and predictions of game theory
and past research on cooperative tendencies are reviewed. The first experimental study
here involves a two-person one-shot extensive-form trust game. The major finding is that
the Mach-IV personality test can help screen reciprocators from non-reciprocators. In the
second study, subjects in a standard voluntary Contribution Mechanism (VCM) are rematched at each trial. If rematched at random, contributions decline over rounds as in
many other VCM experiments. If, however, subjects, without their knowledge, are
rearranged into groups according to the amount of their contribution, contribution rates
remain higher because cooperators do not get discouraged by firee riders. This finding is
accounted for by the goodwill accounting framework of McCabe and Smith (1999). In
the third experimental study, a standard VCM is embedded in intergroup conflict as
groups compete for a fixed prize that is divided among the members of the winning
group, either equally or proportionally to individual members' contributions. A group's
wining probability depends on how its public good contributions compare to the
contributions of the competing group. Given specific parameterization, non-contribution
in such a two-level interaction is no longer the dominant strategy, even though it would
be in the corresponding one-level VCM. Further, equilibrium contributions are higher
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under proportional than under equal prize division. On the aggregate level, the data
support equilibrium predictions, even though there is some evidence of over-contribution
under group competition and individual contribution patterns are very idiosyncratic. A
simple reinforcement learning model (See Roth and Erev, 1995) accounts well for the
change in aggregate data over trials. The implications of all three studies are that
cooperativeness can be enhanced by the means of screening, social structure and
incentive schemes.
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Your corn is ripe today. Mine will be so tomorrow. 'Tis profitable for us both, that 1 shou'd
labour with you today, and that you shou'd aid me tomorrow. I have not kindness for you, and know
you have as little for me. 1 will not, therefore, take any pains upon your account; and should I labour
with you upon my own account, in expectation of a return, I know I shou'd be disappointed, and that
I shou'd in vain depend upon your gratitude. Here then I leave you to labour alone; You treat me in
the same manner. The seasons change; and both of us lose our harvests for want of mutual
confidence and security.
David Hume, (1740)

CHAPTER 1
INTRODUCTION
The tension between short-term self-interest and mutually beneficial cooperation
is probably as old as mankind. Without the shared expectation of mutual respect, aid, and
cooperation there can be no trust between the members of a community. Trust has rightly
been termed "social capital" (Coleman, 1987) as it facilitates mutually beneficial
cooperation and therefore enhances efficiency'. At least in the long run, trust builds upon
experiences of others' behavior. Societies vary to the extent to which they instill in their
members the duty of equitable exchange, mutual assistance, and shared effort and,
consequently, the common expectation of such acts.
A society's amount of social capital relates to its economic and political success
(Putnam, 1993; Coleman, 1990,1987; Banfield, 1958; De Tocqueville, 1935). Yet,
economists and game theorists, in absence of a better alternative that is nonetheless
theoretically sound, have long adhered to a model of "homo economicus" who merely
maximizes short-term material self-interest^ and is unboundedly rational. In this

' Efficiency is a measure of the benefit that goes to a group as a whole.
~ Trust has hitherto been mainly a subject matter of psychologists and sociologists. A search of
data bases (12/15/00) showed 4821 articles on trust in PsychLit, 2298 in Sociological Abstracts
and only 942 in Econlit, the vast majority of the latter dealing with trusts and trust funds.
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dissertation I use the methods of experimental non-cooperative^ game theory and games
where the equilibrium solution is Pareto deficient"*, in order to examine factors affecting
off-equilibrium cooperation that increases efficiency.

1. Game theory—some basic concepts
Games
The publication of Von Neumann and Morgenstem's (1944/1953) book "Theory
of Games and Economic Behavior" marked the formal beginning of game theory or
"interactive decision theory" (Aumann, 1987, p. 460), and laid the conceptual
foundations for all subsequent work in the field. A game is an interactive situation where
each participant has a set of choices, which eventually lead to a specific outcome with
associated payoffs for each participant. These payoffs are quantifiable and measured in
utility or "satisfaction" (p.8). The structure of the game, including utility payoffs, is
usually assumed to be common knowledge-, each player knows that the other knows, and
so on ad infinitum. Participants are strategically interdependent; they jointly determine
the outcome and one player's payoff is affected by other players' choices^. To be nontrivial, a game must involve at least partial conflict of interest among players.

^ Game theory consists of two main branches, cooperative and non-cooperative game theory.
Non-cooperative game theory deals with situations in which binding and enforceable agreements
are not possible.
'* Pareto deficiency means that there remains room to make one or more players better off, and
none worse off.
' Thus, a game differs from a market with perfect competition where one participant's choice
does not affect others' as it has no noticeable effect on price and demand.
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The scope of game theory has always been to develop general rather than specific models
of decision-making under conditions of strategic interdependence. As Aumann (1987, p.
460) states.

Game theory is a sort of umbrella or "unified field" theory for the rational side of social
science, where "social" is interpreted broadly, to include human as well as non-human
players (computers, animals, plants). Unlike other approaches to disciplines like economics
and political science, game theory does not use different, ad-hoc constructs to deal with
various specific issues, such as perfect competition, monopoly, oligopoly, international trade,
taxation, voting, deterrence, and so on. Rather, it develops methodologies that apply in
principle to all interactive simations, then sees where these methodologies lead in each
specific application.

Von Neumann and Morgenstem's (1944/1953; see also Williams, p. 216)
comparatively modest initial aim in the area of non-cooperative game theory^ was to
account for the simplest forms of economic exchange and zero-sum parlor games where
one player's win is another's loss. It was clear early on, however, that games have the
potential of modeling more complex settings including mixed-motive situations dealt with
in this dissertation, where interests partially coincide and partially conflict and where a
mutual off-equilibrium choice of cooperation can lead to increased efficiency. An early
example of such a game is the famous prisoner's dilemma first presented in the early
1950s (See for example Flood, 1958) and discussed in section 2.
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The game-theoretic modeling of more complex social interactions challenged and
advanced game theory'. Empirical testing, which started soon after the theory was first
proposed, had the same effect, as it became apparent that humans' specific psychological
make-up causes them to behave in ways that do not necessarily conform to narrowly
construed theoretic predictions. What follows is a brief introduction into basic gametheoretic concepts that will be used throughout this dissertation. In the course of this
introduction I will also mention complexities of these concepts that have arisen in the
context of empirical evidence about non-monetary preferences (for example, gaining
utility from others' payoffs and not only one's own) and limitations to rationality.
The Nash equilibrium
Equilibria are steady states at which no rational self-interested player would
unilaterally change his strategy as long as no counterpart of his makes such a change
(Davis, 1983, p. 14). Game theory's most important solution concept, the Nash
equilibrium (Nash, 1950) implies that each player's strategy is a payoff maximizing
response to all other players' maximizing choices. Every game has at least one such
equilibrium® (Nash (1950).
In order to reason their way to their respective best response, each player would
need to forecast what his counterpart'(s) best response will be. Such a correct forecast

' About 2/3 of Von Neumann and Morgenstem's book deals with cooperative game theory, where
binding agreements among players are possible. Cooperative game theory, however, is not dealt
with in this dissertation.
^ See for example the extension to repeat encounters discussed in Section 2, or models where
players do not know others' payoffs (oiginating with Harsanyi, 1967).
This applies as long as that players' strategy spaces are finite. Further, a Nash equilibrium may
consist of mixed strategies, that is, a player chooses each of his strategies with a specific
probability.
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requires common knowledge of rationality as well as knowing others' sources of utility.
It also requires that a player compute his own and others' utility payoffs from various
combinations of players' strategy choices. Such demands on players' knowledge and
cognitive capacities are very stringent. I share the opinion of Camerer (1997) that people
without specific training can rarel\' reason their way toward equilibrium in the way a
game theorist would. Note though that the Nash equilibrium can also be arrived at
through a gradual adjustment process in repeated play, such as evolution or learning,
where little knowledge or cognition is required (See for example Fudenberg & Tirole,
1998, Ch. I). In other words, even if rationality is very much bounded and players use
only simple rules of thumb based on limited information from past games in order to
make their choice, an equilibrium may still result. See Chapter 4 for a model of adaptive
learning.
Utility
It is assumed that game-theoretic models represent all payoffs from a game's
outcome. These payoffs (utility) are assumed to be quantifiable (von Neuman &
Morgenstem, 1953/1944, p. 8). In real life, however, utility may be hard to quantify.
Given the complexity of our mind and social world and all the material and psychological
payoffs associated with an outcome, its utility is likely to have multiple sources. In the
real world outcome of a game may have wide ramifications and not all of its
consequences need to be tangible. For example, a choice can affect how a player feels
about herself, it can affect people she cares about (even if they are not playing the game).
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her ongoing relarionships or reputation, or her expectation to end up in heaven or hell.
Evidently, it is hard to put a price tag on such things.
Multiple and idiosyncratic sources of utility present a challenge to a player who
needs to know others' payoffs' in order to compute his equilibrium strategy. It also
presents a challenge for the testing of game theoretic predictions. In order to assess
whether people maximize utility the way the theory predicts, experimenters need to
control utility payoffs (Weibull, 2000). In absence of a better alternative, experimenters
have traditionally ignored possible non-monetary payoffs and regarded monetary payoffs
as a "universal reinforcer" (Ferstner, Culbertson & Boren, 1982), which can be
exchanged for whate\ er each experimental subject most desires. In many instances,
including the experiments described in this dissertation, many subjects behave as if not
motivated by money alone but by various other considerations such as concern for others
(Camerer, 1998), fairness (Bolton, 1991), or social norms about cooperative behavior
(Hoffman, McCabe & Smith, 1996a). Whereas some have proposed models of non
monetary utility based on experimental findings (see for example Bolton, 1991'°), illdefmed and non-quantifiable sources of utility remain a challenge to experimental
control.

' Harsanyi (1967) proposed a model where players do not know others'payoffs but only the
probability that their counterpart is of a specific type. Note that it still requires players to know
the probability distribution over their counterpart's types.
Bolton proposes that findings from bargaining games are consistent with a dual utility function.
Its arguments are material payoffs and the degree of fairness a person experienced.
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Rationality and bounded rationality
Von Neumann and Morgenstem (1953/1944) described players as individually
rational; each makes self-interested choices that maximize his own expected utility'' (pp.
8 -12). Von Neumann and Morgenstem were careful not to require that other players be
rational, stating that "the rules of rational behavior must provide definitely for the
possibility of irrational conduct on the part of others" (p. 32)However, today theorists
often assume common knowledge of rationality, that is, each player knows the other is
rational, each knows that the other knows, and so on ad infinitum (Aumann, 1976).
Common knowledge of rationality is a necessary assumption for important gametheoretic solution concepts (optimal decision policies for all players) such as the iterated
elimination of dominated strategies or subgame perfection

(Fudenberg & Tirole, 1998,

Ch. 1). Both concepts will be discussed later in this chapter.
Obviously, decision-makers rarely fulfill the requirement of full rationality, as
they lack both the necessary knowledge and the required cognitive abilities. Rather, they
are "boundedly rational", and strive not for the optimal choice but for one that is good
enough, given constraints on their cognitive capacity (Simon, 1972; 1955). Their choices
are therefore restricted, and they often rely on heuristics, strategies that while not
optimal, are economical and work well enough most of the time (Gigerenzer &

" The result of a choice is rarely determinate. Rather, various utility payoffs result from it with
certain probabilities. Thus, each choice can be regarded as a gamble, with the expected utility of
the outcome being the sum of the utilities that may result, each multiplied by its respective
probability.
Von Neumann and Morgenstem's theory thus had features of what would later be called a
"prescriptive" theory (Bell, Raiffa & Tversky, 1988), that is, it suggests optimal choices which
take into account others' psychological makeup, including their lack of rationality.
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Goldstein, 1996). See Chapter 2 for a discussion of emotionally-based cooperative
heuristics in games.
In the last 20 years or so, the assumptions of rationality and the common
knowledge of it have been relaxed, leading to greater social and psychological realism of
game-theoretic models. For example, a relaxation of the assumption of common
knowledge of rationality resolves game-theoretic paradoxes such as the Centipede game
(See section 3.B). Such relaxation can also account for cooperative behavior in finitely
repeated games, which otherwise would have to be considered to be off-equilibrium
behavior (See Section 2.B). Finally, learning models are a recent branch of game theory
where very little knowledge or cognitive ability is assumed in order to gradually arrive at
equilibrium based on experience from past iterations of the game (See Chapter 4 for an
example).

2. Equilibrium analysis of repeated interaction
Static versus dynamic sames. In a static game, players move simultaneously
whereas a dynamic game is played over time; at least one player observes at least one
choice by a counterpart and can make a responding move which incorporates that
information (Fudenberg & Tirole, 1998). Von Neumann and Morgenstem (1953/1944)
defined utility payoffs for outcomes of one-shot games which, however, could be
dynamic, consisting of a sequence of moves. Such sequential interaction is common in
real life where an action is most often followed by reaction.

" However, common knowledge of rationality is not necessarily required for the game theory's
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The late 1950s marked the begimiing of the study of repeated games. Both static
and dynamic one-shot games can be repeated. Note that with repetition even an
inherently static game becomes de facto dynamic, because the same parties play a game
more than once and can therefore respond to a counterpart's preN'ious move. Repeated
games model ongoing relationships (Aumann & Hart, 1992). Further, if a single game
already consisted of a sequence of moves, repetition adds even further dNnamics.
Repeated games incorporate an important feature of the social world—the fact that there
is often a chance to meet again in a similar situation. While payoffs in each singl game,
or stage game of the sequence, depend on choices made in that game only, strategies are
defined for the entire sequence of games, the super game. Therefore, strategies that result
in a specific choice are a function of the entire history of the game up to that period.
Repeated games model the fact that current action does not only affect current payoffs,
but also the outcome of future interaction. A repeated-game structure allows a player to
shape a counterpart's behavior over time as well as to learn from one's counterparts.
What follows is an introduction to important equilibrium concepts other than the Nash
equilibrium, and an introduction to the equilibrium analysis of repeated games, both static
and dynamic.

2.A. A static game and an example of a dominant-strategy equilibrium
Figure l.l shows the familiar Prisoner's Dilemma, a two-person static dilemma
with a binary strategy space. In this mixed-motive game, each player simultaneously and

most important solution concept, the Nash equilibrium (Brandenburger, 1992)
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independently chooses between t\vo strategies, cooperation (C) and defection (D).
Clearly, a joint choice of C is most efficient, an outcome of [D, D] least desirable.
However, the dominant strategy equilibrium is [D, D]. That is, each player has one
strategy that is clearly better than his other strategy, no matter what his counterpart does.
That strategy is D. Both in the case that one player chooses D and the other C and in the
case that both players choose D, no self-interested player would unilaterally wish to
change a choice of D into a choice of C.

2.B. A dynamic game and backward induction
Figure 1.2 shows a simple dynamic game, which is studied experimentally in
Chapter 2. The number in each node shows which player's turn it is to choose a branch
extending from it. Payoffs are shown in the boxes at the endpoints of the game tree, with
Player 1 's payoffs above Player 2's payoffs. Assume that the players interact
anonymously and play this game only once. The equilibrium strategies are found through
backward induction, i.e. by starting from the last node and working backward. If Player 2
is rational, she moves down at node 2 in order to get S40. Player 1 anticipates this and
therefore does not trust Player 2 but moves right at node I. The outcome [10,10] is a socalled subgameperfect equilibrium^^, as each player chooses his equilibrium strategy at

The Prisoner's Dilemma is not restricted to two players. The same basic logic applies to many
social dilemma games whatever the group size and whatever players' strategy spaces. Social
dilemma games are discussed more generally in Section 3 of this introductory chapter.
In a dynamic game some of its Nash equilibria may not be credible if it is not in a player's best
interest to actually follow through with an equilibrium strategy he has previously committed
himself to. Subgame perfect equilibria do not contain such incredible threats (Selten, 1965). A
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every subgame. (A subgame consists of any node and the branches that directly or
indirectly follow it.)
From the joint viewpoint of both players, [15,25] is the most desirable outcome.
Both [0,40] and [15,25]are more efficient than the equilibrium outcome of [10,10].
However, unlike the [0,40] outcome, both players benefit from the increased efficiency
associated with [15,25]. In order to reach [15,25], both players must choose offequilibrium strategies. Player 1 must trust Player 2 and Player 2 must reciprocate. A
game in which off-equilibrium strategies of trust and reciprocation lead to increased
efficiency compared to the equilibrium strategies is called a tnist game. See section 3.B
for a description of trust games and their experimental results.

2.C. Finitely repeated games
Consider again the game in Figure 1.2. If the same players repeat this game for a
fixed and known number of times, the equilibrium analysis for the single game still
applies, leading to the same deficient outcome. The reason is that-again by backward
induction— such a super game unravels, starting from the last stage game. When the game
is played for the last time, Player 2 has no reason to reciprocate trust since no further
interaction is expected—just as in a single game. Player 1 should therefore not trust. Let
us now examine the second-to-last stage game. Because in the very last round rational,
materially self- interested parties wall play their equilibrium strategies, tlie second-to last
game becomes effectively the last, and so on until the very first stage game.

subgame perfect equilibrium is thus a more narrow equilibrium definition than a Nash
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This analysis was introduced by Luce and Raiffa (1957) for the finitely repeated
two-person Prisoner's Dilemma game. More generally, Selten (1973) proved that if a
game with a unique equilibrium (such as the Prisoner's Dilemma in Figure l.l or the
basic trust game in Figure 1.2) is played finitely many times, its solution is that
equilibrium each and every time. However, already Luce and Raiffa admitted in the case
of a two-person Prisoner's Dilemma repeated 100 times: "If we were to play this game we
would not [original emphasis] take the second [defection rather than cooperation]
strategy at every move!" They explain that if their counterpart (who, like most of us, can
be expected to be somewhat lacking in rationality) plays C up to trial i, their best
response, which maximizes their earnings, is to play C up to trial (i-l) (Luce & Raiffa,
1957, p. 100). What exactly they would consider trial (i-l) to be would depend on the
probability they assign to their counterpart's various choices of i.
Luce and Raiffa appear to be right in their "prescriptive" (Bell, Raiffa & Tversky,
1988) recommendation of how to maximize payoffs while taking into account their
counterpart's psychological makeup and bounded rationality. It is hard, if not impossible,
for people to spontaneously backward induct. For example, Camerer, Johnson, Rymon
and Sen (1994) found that in a game with repeated interaction, people focus most on the
present and subsequent round but rarely look further ahead. Similarly, Rapoport summing
up evidence from several experiments (1997, p. 122) concluded that "subjects are not
involved in or capable of backward induction". An experimental examination by Selten

equilibrium.
This idea resembles the more formal argument made later by the "Gang of Four" discussed in
the next Section. Both relax the stringent assumption of common knowledge of rationality.
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and Stoecker (1986) also indicates that Luce and Raiffa's suggestion of how to play a
repeated Prisoner's Dilemma fits observed behavior. Subjects played 25 super games,
each consisting of ten rounds with the same person. The modal pattern was initial
cooperation, followed by "all D" as soon as one partner defected.

2.D. Finitely repeated games and incomplete information
The "Gang Of Four" (Kreps, Milgrom, Roberts & Wilson, 1982), showed that
this discrepancy between theory stating that there should be no cooperation on one hand
and obser\'ed cooperative behavior on the other hand can be bridged by a very minor
weakening of a standard game-theoretic assumption. If the assumption of common
knowledge of rationality is slightly relaxed, mutually beneficial cooperation up to a late
stage of a finitely repeated game can be sustained as an equilibrium The Gang of Four's
original analysis once again was based on the repeated Prisoner's Dilemma game. I will
adapt their reasoning to the trust game in Figure 1.2. If a rational and self-interested
Player 2 knows that her counterpart thinks she might be a reciprocator, it behooves her
not to reveal her true type until the last stage game. She should defect only when no
further mutually advantageous cooperation is expected. Consequently, Player 1 can risk
"trusting" Player 2. Note that the deviation from standard assumption of common
knowledge of rationality here is minuscule. Both players are rational and aware of each

" In later super games, the shift from mutual cooperation to mutual defection occurred earlier.
The results do not allow to conclude that subjects would eventually have teamed to play the
equilibrium "all D" from round 1 on. They might or might not have if the experiment had lasted
longer. Rapoport and Chammah (1965) let subjects play the prisoner's dilemma for 300 rounds
with the same partner and did not find a consistent decline in cooperation over rounds.
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Other's knowledge states. Hence, Player 2 knows the probability that Player 1 assigns to
her being rational. All that is needed is that this probability be small enough to make
cooperation worth while. The exact probability needed for cooperation to happen depends
on payoffs

Using introspection, the Gang of Four's reasoning has intuitive appeal.

Playing an experimental game pitching off-equilibrium cooperative strategies against
equilibrium strategies guided by narrow material self-interest, we are often uncertain
whether a counterpart will choose an equilibrium strategy or not.
The Gang of Four's reasoning exposes a complication in game-theoretic
experiments that arises when participants play a game repeatedly." If a subject knows
that she will keep interacting with the same player(s), she might regard the experiment as
one super game while experimenters expect her to treat it as a series of independent
decision rounds. Randomly reassigning subjects to new counterparts before each round ~
as in Chapter and Chapter 4 of this dissertation- should prevent this. In absence of
random reassignment there are t\vo ways in which subjects' use of repeated-game
strategies can create noise and interdependence in the data. First, even if subjects are not
told how many rounds there will be in a given experiment, they might approximate that
number since they know the time slot reserved for the experiment. This may lead to
endgame effects as suggested by the Gang of Four. Second, if the number of roimds is
really indefinite from a subject's viewpoint, the situation becomes even more complex:

We even could move the uncertainty about a counterpart's type to the next step of common knowledge
of rationality's infinite regress. Even if P2 only thinks tiiat PI thinks she may be a reciprocator (and P2 is
wrong, both players know the other is rational), by the same logic P2 should reciprocate until the end
game.
" Repetition (as in Essays 2 and 3) ser\'es two purposes. It increases the amount of data points
and shows whether subjects learn.
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2.E. Indefinitely or infinitely repeated games
In the real world most games are indefinitely repeated. One is hardly ever certain
that the next round of a sequence of interactions will happen at all. A player might then
assign a specific probability to the next interaction taking place. Therefore, future gains
must be appropriately discounted

before computing the expected payoff of any strategy

that covers multiple rounds. In order to arrive at an equilibrium, rational players compare
the discounted payoffs from their various strategies (Shubik, 1970). Each then selects his
best response, i.e., the strategy that maximizes his payoff given his counterpart's strategy
choice.
If the number of rounds is indefinite (and in the hypothetical case in which it is
infinite) cooperation may be supported as an equilibrium strategy of a super game even
though it is not part of any equilibrium strategy for the corresponding stage game^' ~ as
long as future payoffs are not too heavily discounted. If the expected value of future
payoffs is less than the payoff achievable through defection in the present round of
interaction, a "take it all now and run" attitude should result.
As long as discount rates are not too low, a rational and self-interested player
opting for the benefits of cooperation and reciprocity may induce his equally rational and
self-interested counterpart to behave cooperatively by selecting a trigger strategy,
countering non-cooperation with non-cooperation or non-trust of her own for a specified

Even if future interaction were certain, a fiiture payotT may have less worth to a decision-maker
than the same amount right now. Such a situation also requires discounting of future payoffs.
This is the so-called "folk theorem".
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number of rounds. Her rational counterpart compares the expected payoff from a single
defection followed by this punishment to the expected payoff of remaining cooperative
(Shubik, 1975). If the latter results in a higher payoff for him then defection can not be
part of his equilibrium strategy.
An unresolved problem in the equilibrium analysis of games with infinite or
indefinite horizons is the associated "profusion of equilibria" (Kreps, 1990, p. 507).
Behaviors such as trust and reciprocity (in trust games) or participation in a joint effort
(in social dilemma games) are only a fraction of possible equilibrium strategies in such a
situation. Afier all, all that is needed for an equilibrium is that no player would
unilaterally change her strategy given her counterpart's strategy choice. One possible
equilibrium is therefore mutual non-cooperation, starting at round I, even though mutual
cooperation would make all players better off While game theorists have proposed
equilibrium refinements in order to rule out certain less plausible equilibria, as is the case
with subgame perfect equilibria (Selten, 1965), the ultimate equilibrium selection may
depend on focal points.
Focal points are commonly knoNvn expectations about each others' behavior and
are often culturally determined (Schelling, 1960, p. 58), for example by social norms
(Coleman, 1987). Thus, not only do norms change the payoffs from a choice (Coleman)
but the shared expectations they create may lead people to settle on patterns of
cooperation that are never part of an equilibrium strategy. In the Gang of Four's terms,
there may be a shared expectation of irrational cooperativeness that is mutually
beneficial.
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3. Experimental tests of cooperativeness
The equilibrium is a surprisingly good predictor of behavior in some experimental
tests of game theory such as market entry games (See for example Sundali, Rapoport &
Seale, 1995). Interestingly, however, aggregate subject behavior exhibits a bias toward
off-equilibrium other-regarding behavior, or "cooperativeness" in other experimental
settings, the most well-known being bargaining games, Uiist games, and social dilemma
games. I will now discuss each type of game in greater detail. The main focus, though,
will be on trust games and social dilemma games. These two classes of games share the
characteristic that their equilibrium solution is Pareto deficient so that off-equilibrium
cooperation can actually bring about increased welfare. A better understanding of what
furthers efficiency-enhancing cooperation in these games may ultimately lead to policies
that increase joint welfare. Factors affecting the extent of cooperative behavior in
reciprocity games and social dilemma games are the focus of the three experimental
essays in this dissertation.

3. A. Bargaining games
Bargaining games model conflict over the division of a good or an amount of
money. An important feature of such games is that unless players reach an agreement on
how to divide their pie^^, they both get no part of that pie (Gardner, 1995). The most
well-known real-world example of bargaining is probably a buyer and a seller haggling
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over a trade surplus, but the bargaining parties can just as well be groups such as unions
and employers, or nations negotiating over territory. In the study of off-equilibrium otherregarding behavior, bargaining games serve to study the extent of preferences for
"fairness", that is, refraining from using one's full bargaining advantage to get the largest
share possible but opting for a more egalitarian solution instead.
The simplest bargaining game is the ultimatum game, which has been extensively
studied (see for example Thaler, 1992 for an overview). It involves two players. The first
mover suggests to his counterpart how to divide a fixed pie of money, say $10. The
second mover may accept or reject the proposed division. If he accepts, and agreement
has been reached, each player gets his share of the pie. If he rejects, both get nothing. Tlie
subgame perfect equilibrium of the game is for the second mover to accept whatever
small amount the first mover offers him, as he is better off with an agreement, however
small his share. Consequently, the first mover should propose a division of S 9.99 for
himself and an infinitesimal amount, say, S 0.01 for the second mover. The modal offer,
however, is half of the pie, for pies ranging between $ 10 and $ 100 (Hoffman, McCabe
& Smith, 1996b).
Off-equilibrium cooperativeness, such as fairness may lubricate social interaction
but, as long as an agreement is reached at all, fairness does not enliance efficiency; As the
pie in these games can not be enlarged, deviating from equilibrium in the direction of
fairness does not directly lead to a Pareto improvement. It is not possible to make one
player better off without making another worse off. For example, an equal split oflfer by

" Exception: Shrinking-pie games where the size of the pie depends on the stage of the game, see
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the first mover rather than the first mover using his full advantage (the equilibrium) in an
ultimatum game can only make the second mover better off at a cost to the first mover.
For in-depths overviews of bargaining games and associated empirical findings, see for
example Roth (1995).! now turn to a description of trust games and social dilemma
games together with representative empirical findings that place this dissertation's'
research into context and perspective.

3.B. Trust games
Trust games (studied in Chapter 2) are designed to test whether and to what extent
people engage in trust and reciprocity in situations where these behaviors, while
increasing efficiency, are at odds with narrow material self-interest and subsequent nontrust.

Tnist is an initial other-regarding move with payback expected but not

guaranteed. Reciprocity is repaying trust even when it not in the reciprocator's material
self-interest to do so. Defection is failing to incur the cost associated with repaying trust
and instead maximizing one's monetary payoffs . In accordance with the fact that in a
trust game, trusting move may be made and then may be repaid, decision making in trust
games is sequential, with participants taking turns. The simplest trust game is the "basic
trust game" (see Figure 1.2) studied in Chapter 2, and discussed in Section 2 above.
Trust games share with bargaining games the feature of sequential moves - in a
bargaining game, these moves are called offers and coimteroffers. However, it is my view

for example Camerer, Rymon & Sen (1993).
" Sometimes these games also test for negative reciprocity, i.e. a "victim" punishing a defector at
a cost to the former (See for example, McCabe, Rassenti & Smith, 1996)
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that there are fundamental differences between these two types of games so that they
should be classified as separate.
Unlike bargaining games, trust games do not require an agreement in order to
result in a specific outcome. In fact, if a trusting player's counterpart defects, then the
outcome of the game may be one that the trusting player would never have agreed to but
can not retrospectively change. This leads to the second, and, in my view, most important
feature that distinguishes trust games from bargaining games. In a trust game, a trusting
player puts his payoff into the hands of his counterpart hoping for other-regardingness on
behalf of the latter, and a mutually beneficial outcome. In a bargaining game, offers
certainly can represent concessions, but, unlike trusting moves in a trust game, do not
involve this risk of being taken advantage of Third, in a trust game, a trusting
(cooperative) move leads to increased joint payoffs. In a bargaining game, the pie is
simply fixed (or even shrinking) and is given to the players as long as they can reach an
agreement on how to share it. Unlike in a trust game, off-equilibrium cooperativeness
does not increase the pie and with it, joint earnings, even though fairness can increase the
likelihood of an agreement and, consequently, joint reception of the pie. Finally, unlike in
a bargaining game where interaction is inevitable, the first mover in a trust game has the
option to avoid the risky interaction with his counterpart altogether, and instead end the
game with lower but predictable payoffs for both players.
The exchange relationships modeled by trust games are ubiquitous in all alleys of
life. They involve diverse commodities ranging from favors to merchandise. It may be
less obvious that trust games also model exchange where accounts appear to be settled

30

instantaneously such as exchanging holiday presents or buying something for cash.
Neoclassical market models assume such spot transactions. Even there, however,
"someone has to move first" (Giith & Kliemt, 2000), and moves are actually sequential.
We take exchange relationships for granted. To some extent, trust and reciprocity
are part of human nature. They exist cross-culturally (Kaplan & Hill, 1985), and humans
acquire these behaviors with remarkable ease (Kagan, 1984). Like language, trust and
reciprocity need to be taught though, as illustrated by the culture of southern Italy, which
fails to teach its members such welfare-enhancing behaviors (Banfield, 1958; Putnam,
1993). We rarely consider the precariousness of exchange relationships. What if the other
party does not keep up her part of the bargain? Contracts definitely help but increase the
cost of a transaction (North, 1990) and are hardly ever complete. Many exchange
relationships work sufficiently well without a contract, based only on a shared
expectation that a move benefiting the other party will be repaid. Shared expectations
about cooperative behavior and their fulfillment make mutually beneficial exchange
possible. They give the first mover sufficient confidence that he will not be taken
advantage of. They propel the second mover to reciprocate, which in turn strengthens the
first mover's trust.
Why specific trust sames rather than the repeated Prisoner's Dilemma?
The theoretical discussion of repeated games (see Section 2) illustrates that
thought on trust and reciprocity has in the past focused on the repeated two-person
Prisoner's Dilemma (see Figure 1.1). A large body of both experimental work (e.g.,
Rapoport and Chammah, 1965) and theoretical work (e.g., Axekod, 1986) exists on
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cooperation in this game. The fact that the Prisoner's Dilemma was used in research that
got much attention such as Axelrod's (1986) tournament of strategies may have
contributed to what, in my view, is overrating and excessive use.
The Prisoner's Dilemma is not the only mixed-motive game where cooperation
can enhance efficiency. See for example Hirshleifer and Coll (1988) for other 2x2 games
representing important social situations where some form of cooperation increases
welfare.
Most importantly however, the Prisoner's Dilemma is not an accurate model of
exchange, as exchange is usually sequential. A player in a Prisoner's Dilemma who
contemplates a move needs to consider two things in parallel. First, her move is a signal
in a difficult behavioral dialogue between players where moves are simultaneous and
have multiple interpretations. It is impossible to infer whether a non-cooperative (D)
move represents non-trust, defection, punishment for previous defection, or a
combination of these. Similarly, a cooperative (C) move may signal trust, reciprocity or
both. Second, when a player considers the payoff from her contemplated action she must
take into account what her counterpart is likely to do in response to her previous signal
and in parallel to her own intended choice.
Due to these ambiguities, the behavioral dialogue between players in a Prisoner's
Dilemma is more difficult than the behavioral dialogue in real-world exchange
relationships. Most often in the real world a move -such as initial trust- is observed,
interpreted, and only then followed by a countermove, either reciprocation or betrayal. In
fact, the vagueness of the behavioral dialogue in the Prisoner's Dilemma has been
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demonstrated empirically. Komorita, Hilty and Parks (1992) found that as-swift-aspossible reciprocation (a so-called Tit-For-Tat strategy, where a move is reciprocated in
the following round; Axelrod, 1986) was only recognized by 25% of subjects who played
a two-person Prisoner's Dilemma against a computer programmed to play this strategy.
More generally in support for the use of proper trust games as models of exchange
relationships, extensive-form games are psychologically different from their normal-form
version (Schotter, Weigelt & Wilson, 1994, Rapoport, 1997; McCabe, Smith & LePore,
1998). The extensive form of a game is more conducive to cooperation than its normal
form, probably because sequential moves are more natural to people and allow for easier
signaling (McCabe, Smith & LePore). Therefore, a situation that in reality consists of
sequential moves should not be modeled experimentally as a normal-form game. The
Prisoner's Dilemma, be it with two or more participants, is better used as a model of a
collective action problem that requires simultaneous decisions to join or not to join in a
group effort.
Trust games on the other hand model essential features of sequential or real-world
exchange. For example, in the game in Figure 1.2 , a non-trusting move can not be
confused with defection and trust is distinct from reciprocity. Before making a choice,
subjects know their counterpart's preceding move and can interpret the underlying
intention. Further examples of more complex trust games follow below together with
representative experimental results, illustrating the commonly found bias in favor of offequilibrium cooperation.
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The centipede game
Rosenthal (1981) proposed the first version of the finite game of perfect
information^'' in Figure 1.3, consisting of alternating decisions by a dyad. Without loss of
generality, players each start with $0 and alternate in saying either "stop" or "continue".
If a player says "continue", SI is taken from him and S 2 given to his counterpart. If a
player says "stop", each player receives what he has accumulated so far. The game ends
when one of the players says "stop" or when both have accumulated $ 10, which happens
if Player 2 says "continue" at the last node. Most people would agree that saying
"continue" signals a desire to reach a mutually advantageous outcome further along as
payoffs for both players increase as they move along the tree. Such a trusting move is
risky though, as a player loses money if his counterpart says "stop" immediately after he
himself said "continue". If a player says "stop" it probably signals lack of trust due to
concern that the other player might say "stop" next, which would leave him with SI less
than if he had been first to end the game.
The subgame perfect equilibrium of this game is once again found through
backward induction. At the last node. Player 2 should say "stop" as 11>10. Player 1 has
his say at the next-to-last node. Since 8 (his payoff if the game continues to the last node)
> 7, Player 1 should say "stop" then. The game unravels. As long as Player 1 knows that
Player 2 is rational and expects him to be rational as well, he should say "stop" at node 1.
Again, as with the finitely repeated Prisoner's Dilemma, while logically sound, this result
does not seem to describe actual behavior.
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McKelvey and Palfrey (1992) were the first to study the two-person centipede
game experimentally. Only about 5% of their subjects played the equilibrium and ended
the game at the first node. The modal behavior was to stop the game toward the middle of
the tree, a pattern that held when the length of the game tree was varied. This is a pattern
of some generality. First, Parco, Rapoport and Stein (2000) found that the same pattern
holds if the number of players in the centipede game is increased firom two to three.
Second, such findings from the centipede game pattern echo Luce & Raiffa's (1957)
comments about the finitely repeated Prisoner's Dilemma, and are consistent with Selten
and Stoecker's (1986) findings*' of off-equilibrium cooperation followed by end-game
effects in the repeated Prisoner's Dilemma^^.
McKelvey and Palfrey suggest that a small amount of incomplete information
about a counterpart's type, similar to what has been suggested by the Gang of Four
(Kreps et al., 1982), may explain this frequent deviation from equilibrium behavior. In
other words, a player may entertain the possibility that her counterpart will move further
along the tree. If so, it is advantageous to keep the mutual reciprocation going in order to
increase one's payoff.
A simple trust same with continuous strateev space
Berg, Dickhaut and McCabe (1995) devised the following two-stage trust game
with continuous strategy space. A continuous strategy space allows for degrees of trust

" Perfect information means that at each point in the game tree, a decision maker knows her
counterpart's decisions so far, and, or course, her own.
" (discussed in more detail in Section 2.E)
Both in McKelvey and Palfrey's study and in Selten & Stoecker's (1986) study there was some
evidence of leaming over rounds, in the direction of equilibrium play.
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and reciprocity, rather than just their presence or absence. Pairs of players interact
anonymously and only once. At the beginning of the game, all participants receive a
show-up fee of S 10. Player 1 may send any share of her show-up fee to Player 2. On the
way to Player 2 the amount sent triples. Player 2 chooses how much of that tripled
amount to keep for himself and how much to retum to Player 1^'.
For Player 1, sending money to Player 2 is a risky investment. Without
interaction, neither could have earned more than the $10 show-up fee. By sending money
to her counterpart. Player 1 expects him to reciprocate her trust so that both are better off
than had they not interacted. The basic trust game in Figure 1.2 is a truncated version of
the game described here^® and the same logic applies to the equilibrium analysis of both
games. Player 2 optimizes his earnings by keeping all the money Player 1 sent him.
Player 1 should anticipate this and send nothing. However, if Player 1 can trust her
counterpart enough to believe that he will retum at least as much as she originally sent
him, both are better (or at least as well) off due to Player 1 's trust and the resulting
exchange.
When college students played this game, amounts sent and returned were highly
variable but about 90% of first movers trusted at least to some degree and on average sent

" Player 2's choice situation is identical to the allocator's in a dictator game. In this atrophied
bargaining game the allocator divides a fixed amount of money between himself and an
anonymous counterpart. The latter must accept the allocator's decision. The authors (p. 123) also
point out that their game resembles several trust games, such as the basic trust game studied in
Chapter 2 and any two adjacent nodes of the centipede game, in that in all these games, a trusting
move leads to an expanded pie.
P2 moving down in the truncated version corresponds to him keeping his show-up fee ($ 10)
plus the maximum amount PI could have sent him ($10*3). P2 moving right corresponds to him
equitably sharing the S30 with PI, in which case P2 eams $ 10 + S 30/2 = $ 25, and P 1, having
entrusted P2 with her show-up fee eams $30/2 = $ 15.
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their counterpart about half of the show-up fee. Second movers on average returned about
that amount^'. Conceivably such off-equilibrium results are not due to trust and
reciprocity but due to subjects not understanding the game. After all, rational second
movers should return nothing and therefore can only err by returning something. First
movers should also send nothing and can therefore only err in one direction.

However,

a misunderstanding of incentives is unlikely in such a simple game consisting of only two
steps. Camerer, Johnson, Rymon and Sen (1993) found that all subjects, at least in a
shrinking-pie bargaining game, looked ahead at least that far. Further, the Berg et al.
experiment has since been replicated. Levels of trust hold even when subjects are
prompted to reason strategically (Ortmann, Fitzgerald & Boening, 2000).
The Gift exchange same
The gift exchange game is yet another trust game with continuous strategy space.
It was devised by Fehr and his collaborators (Falk & Fischbacher, 1999; Fehr,
Kirchsteiger & Riedl, 1993) in order to model a situation such as the exchange
relationship between employer and employee. The first mover (called "the firm") offers
an amount of money ("wage") to the second mover ("the worker"). If the worker rejects
the offer, both parties earn nothing.

If he accepts, the next step is for him to decide on a

level of "work effort" in reciprocation for his "wage". Effort levels are strictly increasing

" I am limiting myself to reporting the basic treatment ("no history") in the Berg et al. paper.
There was more cooperation in a further treatment where subjects were given the results of the
previous session.
° The same applies for the centipede game. Subjects can only err by cooperating and moving
along the tree.
^'The gift exchange game resembles the well-known ultimatum game, where the first mover
suggests how to divide a fixed pie. The second mover may accept or reject the proposed division.
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in cost. Using backward induction, a rational and self-interested worker chooses the
minimum effort level permitted and the firm, anticipating this, offers the lowest possible
wage.
Fehr et al.'s (1993) experimental findings on the gift exchange game echo Berg,
Dickhaut & McCabe's (1995) about trust and subsequent reciprocity. "Firms'"
expectations of more effort in retum for higher wages were often confirmed and both
wages and effort levels were consistently above the theoretically predicted minimum, and
were positively correlated. Since this game models a principal-agent relationship, results
indicate that the standard economic model of the shirking agent opting for minimal effort
is not an accurate model of the workplace, especially since players were randomly
rematched before each trial. Such rematching eliminated repeated-game considerations
such as reputation-building. In a repeated-game setting, trust and reciprocity were ftirther
strengthened as both sides attempted to strategically enhance their reputations ^'(Gachter
& Falk, 2000).
A choice between cooperation and equilibrium play
The finding that trust and reciprocity are strengthened when the same players
interact repeatedly has also been demonstrated using the extensive-form trust game
introduced by McCabe, Rassenti and Smith (1996) and shown in Figure 1.4. Again pairs
of players alternate moving along a game tree. At node 2, a rational and self-interested
decision maker who knows that his counterpart shares these characteristics chooses the

If he accepts, each player gets his share. If he rejects, both get nothing. The game ends at this
point, while in the gift exchange game, there is an additional step if the worker accepts.
^ Games were finitely repeated (ten rounds). Slight end game effects were observed in round 10.
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right branch leading to the subgame perfect equilibrium outcome of [40,40]. On the left
branch, however (the so-called cooperative branch), a greater joint payoff -either [50,
50] or [60, 30]~ can be reached. When on the cooperative branch, self-interest should
lead Player 1 to end the game at [60,30] by moving left at X3. A reciprocating Player 1,
on the other hand, would move down at X3 so that Player 2 can reach the equitable and
most efficient outcome of [50, 50].
When college students played this game anonymously and once, about 46% of
Player 2s chose the left (cooperative) branch. About half of Player Is then ended the
game at [60, 30] while the other half reciprocated and allowed their counterpart to arrive
at [50, 50]. In expected value terms it was not unreasonable for Player 2 to select the left
branch because such trust was sufficiently reciprocated to make a choice of the left
branch at least as advantageous (on average) as a choice of the right branch. Indefinitely
repeated interaction with the same partner further increased trust and reciprocity. Under
that protocol, the left branch was chosen 60% of the time and reciprocation rates rose
from 50 % to 84% —a finding that echoes Fehr and Gachter's (1999) about increased
reciprocation rates if a game is repeated with the same partner. Note, however, that if the
game is repeated indefinitely, trust and reciprocity are no longer off-equilibrium
behaviors due to the associated profusion of equilibrium strategies including cooperative
strategies (McCabe, Rassenti & Smith, 1998).
Summary of findings from trust sames
Research on trust and reciprocity using games other than the two-person
Prisoner's Dilemma is relatively new, with the first experimental dynamic trust games
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studied in the 1990s (e.g., McKelvey & Palfrey, 1992; McCabe, Rassenti & Smith,
1996). While trust games provide a more accurate model of exchange relationships than
the two-person Prisoner's Dilemma, the gist of findings from them does not differ fi-om
findings based on the Prisoner's Dilemma (e.g., Rapoport & Chammah, 1965). In both
types of games we often observe deviations fi-om equilibrium behavior in the direction of
cooperation. Specifically, trust games show that: 1) Players often appear to expect
reciprocation and risk trusting their counterpart. 2) Counterparts often do reciprocate
even when it is not in their narrow material self-interest to do so. 3) Some resuhs indicate
that the greater the extended trust, the more reciprocation. 4) The frequencies of trust and
reciprocity increase with repeated interaction. 5) Individual differences in these behaviors
are substantial—a fact addressed in Chapter 2.
Such experimental findings of off-equilibrium behavior in the direction of
cooperativeness are especially noteworthy because the standard experimental set-up with
monetary payoffs coupled with full anonymity encourages narrowly self-interested
behavior consistent with standard game-theoretic predictions. Full anonymity should fi-ee
subjects firom concerns about their reputations. This, in turn, should reduce trust.
However, the extent of commonly observed cooperative behavior in the laboratory need
not be construed as all due to deep-seated preferences for moral behavior, which, it has
been maintained, is acquired in childhood (Frank, 1988). At least to some degree,
boundedly rational subjects bring to the laboratory habits and heuristics of
cooperativeness that may serve them well in real life where games are indefinitely
repeated and reputations matter. Cooperativeness is for example diminished when the
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special features of the laboratory environment are made salient to subjects (Hoffinan,
McCabe & Smith, 1996a) or when an experimental game is sufficiently repeated (See for
example Selten & Stoecker, 1987 and Palfrey & Prisbrey, 1992).

3C. Social dilemma games
As in trust games, in social dilemma games immediate material self-interest is at
odds with efficiency, and off-equilibrium strategies can lead to a Pareto improvement.
However, while interaction in trust games is sequential, social dilemma games involve
simultaneous decisions by members of a group of two or more players. Jointly, all
members of a group benefit from cooperation. A rational, self-interested individual can
do even better, however, if he benefits from his group's cooperation while letting others
carry the cost—a behavior termed free-riding or social loafing (Latane, Williams &
Harkins, 1979). In other words, individual interests are at odds with the interest of the
group as a whole. If all group members follow their individual interests, joint effort will
not happen. The simplest social dilemma game is the two-person Prisoner's Dilemma
described earlier.
Depending on the type of cooperation required, there are two variants of social
dilemma games. At times, individually rational self-interested behavior creates a
negative externality^^ for other group members. It is then in a group's best interest that
members curb such behavior, because it would generate a public bad. For example it is in

An externality is the effect of someone's activities on uninvolved parties. Externalities may be
positive and cause a benefit for others (e.g. someone's pond attracting colorful birds to neighbors'
yards) or negative, causing a loss (e.g. someone's cat chasing birds from neighbors' yards).
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a group's interest to curb municipal water use in times of drought. Such a situation is
modeled experimentally via "take-some" games (Dawes, 1980, p. 179) or common
property resource (CPR) games (e.g., Ostrom, Walker & Gardner, 1992). At other times,
individually rational behavior fails to create a positive externality. It is then in a group's
best interest if members engage in such behavior because it generates such a public good.
An example is contributing to teamwork where team members jointly share in its result.
Such situation is modeled experimentally via the Voluntary Contribution Mechanism
(VCM).
Essentially, take-some and CPR games differ from a VCM only in the way a
situation is framed. A public bad can be recast as a public good. To illustrate, refraining
from polluting may also be framed as contributing to a cleaner environment. The defining
incentive structure in both situations is the same. Individual interests are at odds with
group interest.

A description of what is probably the most systematically investigated

social dilemma game, the standard linear VCM used in Chapters 3 and 4, follows.
The linear VCM
In each round of a typical VCM experiment symmetric group members divide
their monetary endowment between a private account and a group account. The group
account represents the group effort and the public good it generates. The private account
represents each participant's most preferred alternative use of his resources. For the VCM
to constitute a social dilemma three conditions must be met. First, investing in the group
account benefits not only the individual investor but the whole group, because the return
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from an investment in the group account is paid equally to all group members. Second, rp
(the return an individual gets from his investment in the private account) must be larger
than rg (the return to him from an investment in the group account, also termed MPCR).
A materially self-interested group member is therefore better off investing in his private
account rather than in the group account, no matter what other group members do
(dominant strategy). Third, rg > rp/n, with n being the number of group members. This
assures that if all group members invest equally in the group account, each gets a return
that is larger than if they had invested in their respective private accounts. Full
contribution to the group account by all group members leads to the highest joint
earnings, and is therefore most efficient. If, however, an individual group member invests
in his private account while benefiting from what others invested in the group account, he
earns more than had he cooperated. The only equilibrium is one in which no one
contributes anything to the group account.
Let me further explain the dilemma which a typical VCM constitutes. In a VCM
in which some but not all contribute, a non-contributor is always better off than a
contributor. However, it is not this payoff difference between contributors and noncontributors that defines a situation as a social dilemma, however salient such a payoff
difference may be to humans used to making inter-individual comparisons of outcomes
(Mui, 1995; Frank, 1985). A social dilemma exists only if an intra-individual comparison
of strategies available to a player shows that this individual earns more if he does not
contribute than if he contributes to what would be the most efficient solution, no matter

Psychologically however, the two situations differ, with a VCM eliciting more cooperation than
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what others do (dominant strategy) or what others might earn. Let me illustrate this
subtle but important difference with a numerical example.
Table la shows earnings in a social dilemma situation for members of a group of
three. Players A, B, and C are identical in all relevant aspects including an endowment of
S5 per person. For simplicity's sake, assume that the players' strategy space is binary—
each either contributes his entire endowment or keeps it in his private account. Let rp =1,
that is, any amount invested in a private account is multiplied by one. Whatever has been
invested in the group account is multiplied by two before being divided among all three
group members. Therefore rg = 2/3. It can be verified that, as required for a social
dilemma, rp >rg > rpr/n. The first column in Table l.la shows which group members
contributed. Since group members are symmetric, the Table covers all possible
contribution patterns. The second column shows how much the contributors jointly
invested in the group account. The remaining columns show individual earnings. Clear
cells (above the diagonal) contain contributors' earnings. Shaded cells (below the
diagonal) contain non-contributors' earnings.
Examining along rows, it is obvious that in every contribution configuration a
non-contributor earns more than a contributor. However, this fact does not make noncontribution the dominant strategy. To verify that non-contribution is indeed a dominant
strategy, it is necessary to compare column entries for each player. For example for
Player C, comparing the first row (where all contributed) to the second row (where C did
not contribute) it can be seen that if C does not contribute, he earns $11.6 compared to

a CPR (Andreoni, 1995: Liebrand, Messick & Wilke, 1992).

$10 if he does. A rational and materially self-interested Player C would therefore deviate
from the configuration in the first row and would instead choose not to contribute. The
contribution configuration in the top row is thus not stable and cannot be an equilibrium.
The same can be seem for other contribution configurations and other players by
comparing vertically along each player's contributor/non-contributor border (the lowest
clear square in each column versus the highest shaded square). The only situation that no
rational, self-interested player would deviate from, is the bottom row, in which nobody
contributes. This is the only equilibrium in this game, a solution that is unsatisfactory
since individual earnings in Row 3 are lower than in Row 1.
There is no social dilemma in a VCM if rg > rp. In this case, contribution is the
dominant strategy even though non-contributors still earn more than contributors. This is
illustrated in Table 1.1b, where rg has been raised to 4/3 (from 2/3in Table 1.1a) and,
contrary to what applies to a social dilemma, rg > rp. Comparing along rows one can see
that, as in Table 1.1a, a non-contributor still earns more than a contributor. Therefore, if
group members were trying to outperform each other --for example in a competition for
inclusive fitness (reproductive success), non-contributors would end up crowding out
contributors. Comparing along columns however, it becomes clear that contribution
rather than non-contribution is the dominant strategy for rational self-interested
individuals whose goal is not to outperform others but to maximize their individual
eamings. In Table 1.1b a non-contributor earns less than had he contributed, no matter
what other group members do. Hence, no dilemma exists here between individual interest
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and group interest. Even though non-contributors outperform contributors, the dominantstrategy equilibrium is full contribution by all.
Experimental fmdinss from VCM games
Experimental social dilemma games have a longer history than trust games with
systematic experimentation of the two-person Prisoner's Dilemma starting in 1950 (See
Flood, 1958), and literally thousands conducted since.^^ As these early Prisoner's
Dilemma experiments involved pairwise interaction, they are often treated as studies
about trust and reciprocity rather than studies of joint group effort where the group size is
two.
While researchers have used different trust games to suit their specific needs, the
linear VCM dominates experimental research on public goods provision. Variations have
been limited to factors such as group size, the strategy space (continuous or binary) and
the payoff function from the group account (linear, quadratic or a step function^®).
Early one-shot VCM experiments
In the late 1970s sociologists (e.g., Marwell & Ames, 1979,1980, 1981) and
psychologists (e.g., Dawes, McTavish & Shaklee, 1977) began systematically
investigating contribution behavior in a VCM. These early experiments consisted of one
decision round only. Subjects deviated substantially from the Nash equilibrium prediction
of non-contribution. For example with the strategy space being continuous they

Many experiments were conducted in the 1960s and 1970s (e.g., Rapoport and Chammah,
1965). A PsycLit search showed that since 1987, 849 further experiments have been conducted by
psychologists alone.
® Unlike the linear VCM in some of these variations of functional form equilibrium contributions
may be a fraction of the endowment or there may be multiple equilibria.
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contributed on average about half their endowment to the group account, but individual
contributions were highly heterogeneous.
The standard linear VCM experimental paradism
VCM experiments soon caught the interest of economists (Kim & Walker, 1984,
Isaac, McCue & Plott, 1984). Their focus was less on initial behavior but on whether
subjects would eventually leam the equilibrium strategy of non-contribution.
Experimental economists introduced repeated decision rounds in order to allow subjects
to leam about the structure of the game, other participants, or both. In a typical VCM
experiment today, financially motivated subjects interaC anonymously and are privately
paid according to decisions made. Group size varies, but a group size of four or five is
common. An experimental session lasts for at least ten trials.
The relatively large number of experiments conducted within the VCM paradigm
testifies to the robustness of the following behavior pattern. As already evident from the
early one-round experiments, the initial total contribution is about half of a group's total
endowment. With repetition there is relatively fast convergence toward the vicinity of the
Nash equilibrium of non-contribution by all. This is due to a decline in individual
contributions as well as to an increasing number of subjects adopting the dominant
strategy of contributing nothing. This pattem is unaffected by group size (Isaac, Walker
& Williams, 1991) and does not depend on whether group members stay together
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throughout the experiment or are re-assigned to a new group before each round
(Andreoni, 1988).
Several questions arise from these observations: First, why do subjects not
cooperate fully when it would be most efficient to do so? Possible reasons for undercontribution with regard to the ma.\imum efficiency benchmark besides the obvious selfinterest-more explicitly, "greed" (Rapoport

Eshed-Levy, 1989), include fear that

others will not do their share and concern about relative payoffs. A second, more
frequently asked question is about the reasons for the initial over-contribution with
respect to the equilibrium, and about the reasons for the subsequent decline in
contributions over rounds.
Starting in the 1980s researchers have gathered a substantial amount of
experimental evidence about structural and environmental factors that affect cooperation
in a VCM and reasons and motives that underlie such behavior. Excellent general
overviews of public goods research have been compiled. See for example Ledyard (1995)
and Davis & Holt (1993)). I limit myself here to reviewing findings about cooperative
motives in order to put this dissertation's VCM research (Chapters 3 and 4) into context
and perspective.
Under-contribiition with regard to the efficiencv benchmark
Relative payoffs. As pointed out in my theoretical discussion of the linear VCM,
non-contributors always make more than contributors but this should not be relevant to

This last result shows that over- contribution in a VCM is not due to attempts at reputation
building. If it were, group members would only contribute if they expect to interact again in the
next round.
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rational, self-interested group members. Many people nonetheless do seem to care about
how well they do compared to others (Mui, 1995; Frank,1985). This may be due to
competition for inclusive fitness (Hamilton, 1964), a desire to maintain a positive selfimage (Brown, 1978), or habits acquired in a competitive social environment where good
relative standing is rewarded. Subjects might bring such habits with them into the
laboratory in the manner suggested by Hoffman, McCabe and Smith (1996a). As might
be intuitively expected, there are individual differences in the extent in which people care
about relative outcomes (see Leavitt, Handley-Isaksen & Lipman-Blumen, 1981).
Andreoni (1995a) provided subjects in a regular linear VCM with information
about how well they were doing compared to others and found that it depressed
contributions. Saijo and Nakamura (1995) found that the same subjects undercontributed in situations illustrated in Table 1.1a (where the dominant strategy is noncontribution) as well as in situations illustrated in Table 1.1b (where the dominant
strategy is full contribution). In both cases such under-contributors make out better than
others but when full contribution is the dominant strategy they do so at a cost to
themselves.
Fear. Free riding in social dilemma games does not necessarily mean that
adherents of this strategy purposefully exploit their fellow group members. It might be
that such non-contributors do not join the group effort because they fear that others will
not do their share. Rapoport and Eshed-Levy (1989) as well as Dawes, Orbell, Simmons
and Van De Kragt (1986) found that the self-interested desire to free-ride ("greed") is a
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more imponant reason for non-contribution than a lack of trust in others.

However,

both motives have substantial effects.
Reasons for over-contribution followed by a decline in contributions
Error. In a typical VCM experiment, where the equilibrium contribution is zero,
subjects can only err through over-contribution. What appears to be cooperation might
therefore actually be due to subjects not understanding their incentives. The decline of
contributions with repetition might be caused by players' increasing understanding of the
game. Another finding that points to error as a cause for over-contributions is that if the
Nash equilibrium is interior^' and the equilibrium contribution is high relative to the
endowment, then mean contributions are systematically below equilibrium contributions.
The opposite pattern is obsers ed if equilibrium contributions are comparatively low: In
the latter case, subjects over-contribute (Isaac & Walker, 1998) This mirrored pattern is
apparently caused by players erring in the direction in which there is more room to err.
Nonetheless, the typically observed over-contribution can not all be due to lack of
understanding. If the available space for errorr through over-contribution is equal in size
to the space for error through under-contribution then there is more over-contribution
than under-contribution. Isaac and Walker (1998, p. 203) call it the "residual cooperative
component". Keser (1996) reports similar findings. Further, it has been consistently
demonstrated that if an experimental VCM session is started over after the usual ten

The nvo studies were carried out in different countries (USA and Israel), indicating the
generality of the results.
" If the Nash equilibrium is interior then subjects' payoff function is usually quadratic and the
equilibrium contribution is a positive fraction of the endowment.
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rounds'"' with participants remaining in the same group throughout both sessions,
contributions start once again at the usual 50% of endowments and decline gradually
(Cookson, 2000, Croson, 1996, Andreoni, 1988). If the decrease in contributions over
rounds were due to learning then there would be no such restart effect. Finally, Palfrey
and Prisbrey (1997; 1996) find error to be an important but not the sole source of over
contribution. All these findings call for additional if not alternative explanations for over
contribution.
"Kindness". Andreoni (1995a) used a subtractive design to separate two possible
sources of over-contribution: subject error ("confijsion") and "kindness". "Kindness"
covers any non-material motive for contributing as long as a subject understands the
incentives of the game. It includes strategic motives suggested by Kreps et al. (1982)'"
and social motives such altruism and the pressures exerted by social norms. Andreoni
found that just about half of total contributions over ten rounds was due to error. About
the same amount was due to "kindness". The percentage of erring subjects declined
rapidly over the initial rounds. Nonetheless, nearly half of Andreoni's subjects persisted
in some degree of "kindness" (positive contribution) throughout the experiment's ten
rounds even though the extent of their "kindness" did decline. The nature and sources of
"kindness" are presently under experimental investigation. It seems to be caused by
various motives. Individuals exhibit differences not only in the extent of this behavior
but, as Goeree, Holt & Laury (2000) point out, they also differ in what underlies it.

Subjects are told after the first session that suddenly there is time for another experiment.
Andreoni's subjects stayed in the same group throughout and knew how many rounds there
would be. Therefore, Kreps et al.'s analysis for finitely repeated games apphes.
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Altruism. Goeree, Holt & Laury (2000) independently varied the benefit of a
contribution to other group members and its benefit to the contributor. They found that
average contributions to the group account rise mainly as they get less costly for the
contributor but contributions also increase with the return of a contribution to others and
with group size. The last two findings are congruent with altruistic preferences- a utility
function that includes others' payoff.
How many altruists are there? Andreoni and Miller (1995) found that about 7%
of their subjects valued others' payoffs equally to their own, another 17% exhibited
altruism to a lesser degree. While it may be surprising that there are any altruists at all,
these proportions are not high**^. Palfrey and Prisbrey (1996) found that about 40% of
their subjects had at least a leaning toward altruistic behavior. In a later study however,
the same authors (1997) found hardly any evidence of altruism. Instead they identified
subject error and so-called warm-glow giving as reasons for over-contribution.
Warm-elow. Similar to Palfrey and Prisbrey (1997) Andreoni (1995b), too, found
that part of the contributions in a VCM is due to warm-glow giving, which is giving for
the sake of giving without consideration about whether and how it actually benefits
others. If—everything else being equal— an experimental VCM setting is reframed as a
CPR where the efficient solution requires joint restraint rather than joint contribution,
choices become more self-interested. Since giving per se generates a pleasant warm glow,
it is not entirely "crowded out" by taxation and subsequent re-distribution of money

•** Similar results were obtained by Carter, Drainville and Poulin (1992).
About the same percentage preferred that payoffs be divided equally between themselves and
their counterpart, even if this reduced total payoff.

52

(Duncan, 1999; Andreoni, 1993). Andreoni's finding contradicts Goeree, Holt & Laury's
(2000, discussed above) who find no evidence of warm glow among their subjects.
The MPCR effect. "Kind " behavior is positively correlated with the level of the
marginal per capita return (MPCR)'*"* to the investor from an investment in the group
account (Goeree, Holt & Laury, 2000; Isaac and Walker, 1988; Anderson, Goeree &
Holt, 1998; Palfrey & Prisbrey, 1996). Several possible explanations, which need not be
mutually exclusive, come to mind.
First, from a self-interested subject's viewpoint the closer the MPCR is to the
level of the return from the private account, the smaller the error committed by
contributing (Goeree, Holt &. Laury, 2000; Palfrey & Prisbrey, 1997). Consequently,
self-interested subjects can better afford carelessness if the MPCR is high. Second, as the
MPCR increases, the cost of contributing decreases. For example, with an MPCR of 0.75
and private return set to unity, the cost of contributing one unit is 0.25 units. With a lower
MPCR of, say, 0.5, that cost increases to 0.5 units. Third, Goeree, Holt and Laury argue
that altruists should contribute more at a higher MPCR level, since the higher the MPCR,
the more others benefit from a contribution. Finally, the higher the MPCR, the smaller
the risk that free-riders can actually harm a contributor. In short, the higher the MPCR,
the less fear. For example, with a group size of four, an MPCR of 0.5, and the retiun of
the private account set to one, two like-minded contributors break even compared to
investing in their respective private accounts instead. With a lower MPCR of say, 0.33,
three contributors would be needed for contributors to break even. If group members
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have such considerations, then a lower MPCR would also suppress contributions in a
more Indirect manner: A lower probability of breaking even probably creates
expectations that under a lower MPCR fewer group members will actually risk
cooperation. Such expectations, in turn, would affect group members' expectation of at
least breaking even when cooperating. Of course, such considerations should only affect
so-called "conditional cooperators" who would like to contribute as long as sufficiently
many others do likewise. Determined free-riders should be unaffected by the MPCR
level.
Groupishness. Coleman (1961, p.24) referred to a behavior later termed
"groupishness" (Ridley, 1993, p. 39) when he observed that "Classic economic theory...
assumes that the individual will act in "his" interest. But... in many situations men act as
if "his" refers to some entity larger than themselves. That is, they appear to act in terms
not of their own interest, but in the interests of a collectivity". "Groupish" behavior
appears reasonable if one keeps in mind that group members' joint success depends on
the extent to which they succeed at curbing their self-interest in spite of the fact that
selfish members outperform others. Social psychologists demonstrated that groupishness
is easy to elicit (Rabbie, 1969; Tajfel, 1970; Sherif, 1966). It may be an imiate trait, but
social norms certainly encoiu-age "groupish" behavior, for example through team sports
(Brown, 1988).
Margolis (1982) attempted to formalize observations of "groupishness" in a
model of why people contribute to the public interest. According to Margolis, an

•" The MPCR is an individual's earnings per unit of investment. It corresponds to the parameters
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individual has two sources of utility: a so-called g-self, which altruistically has the
welfare of others at heart, and a self- interested s-self. Chapter 4 of this dissertation
examines whether and to what extent competition between groups increases
"groupishness", possibly shifting—in Margolis' terms- weight from the s-self to the gself
Conditional cooperation. Sugden (1984) criticized Margolis' idea of an altruistic
g-self as too idealistic. He points out that people's contributions to a common goal are
usually directed toward a goal from which they themselves benefit. Instead, he proposed
a model of "reciprocity in a group setting". The model does not contain altruism. An
individual only contributes to joint efforts that benefit her. In indirect support of Sugden's
model, Dawes, McTavish and Shaklee (1977) found that VCM contributions are twice as
high if members of one's own group gain from a group account contribution than if
members of another group do.
In Sugden's model the level of cooperation is conditional and based on morality.
If other members of one's group contribute a certain amount, an individual feels morally
obliged to contribute at least that amount himself The model has intuitive appeal. Social
norms usually stress that it is wrong to let others carry the burden while one shares in a
group's success. Sugden's model also accounts for the mixed success of public goods
provision observed in the field (Ostrom, 1990). For example, the model accounts for the

Tp and Tg mentioned in Section 3.C.
•* Another dual-utility model that does not directly address groupishness but nonetheless bears
some resemblance to Margolis' model is a model by Harsanyi (1976). There, a person has
"ethical" preferences based on her view of how society should function and "subjective"
preferences based on other interests including self-interest.
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factthat people fear that others will not contribute then they themselves do not contribute
either. The perception of other group members' intentions is crucial for the conditional
cooperation proposed by Sugden.
Croson (1998) and Keser (1999; Keser & Van Winden,2000) have recently
developed empirically based models incorporating such desire to match the behavior of
other group members. They find strong support for "middle matching". Contrary to
Sugden's model, where group members use others' minimum contribution as a yardstick,
it appears that people actually match the median (Croson) or average (Keser & Van
Winden) of others' contributions.
Free riders depress all such central tendencies. Recent attention has focused on
the effect that free riders have on conditional cooperators' contributions. Possibly, the
typical decline in average contributions over rounds is due to free-riders discouraging
cooperators. Fischbacher, Gachter and Fehr (2000) found that about half of their subjects
were conditional cooperators and that the presence of firee-riders prevented them from
cooperating at levels typical for them. Findings that fear reduces joint group effort
(Rapoport & Eshed Levy, 1989; Dawes, Orbell, Simmons & Van de Kragt, 1986) and
conceivably the MPCR effect also point to a significant portion of subjects being
conditional cooperators. In Chapter 3 of this dissertation we fmd that, indeed, the
presence of free riders depresses cooperators' contributions and we examine what
happens in a regular VCM if cooperators are separated firom firee riders.

Further, as group members feel obligated only to match the minimum contribution by
others, and anything contribution above that level is of their own choice, the public good
will be under supplied unless the group is homogeneous.
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Conditional cooperation and reciprocity
Conditional cooperation is sometimes termed "reciprocity" (see, for example,
Keser, 1999; Croson, 2000). Parallels and links certainly exist between trusting behavior
and subsequent reciprocity in an exchange relationship on one hand and conditional
cooperation on the other hand. Both rely on a version of the principle of "doing unto
others as you would have them do unto you". Both appear to reflect a general human
desire for equity in relationships (Adams, 1965), an aversion both against doing less than
one's share and against doing more. Furthermore, all of these behaviors increase
efficiency in social interactions and are widely supported by social norms (Putnam, 1993;
North, 1990). Nonetheless, the sequential behaviors of trust and reciprocity are
sufficiently different from a decision to join a group effort to warrant separate
discussions.
Introspection alone indicates that a bilateral exchange relationship such as
business or friendship differs from joining a group effort such as teamwork or a rope
pulling contest. When joining a group effort, one makes an other-regarding move trusting
that others will simultaneously do the same and at the same time one reciprocates others'
expected actions. Exchange, on the other hand, is sequential with trust and reciprocity
separated in time.
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Further, the direct reciprocity"*^ that experimental game theory has focused on in
the last decade seems to work best for a small number of players, ideally two. The larger
the interacting group, the more difficult it is to realize the principle of reciprocity.
First, negative reciprocity against free riders by not cooperating loses its bite if n
> 2. If n >2, then conditional non-cooperation not only hurts non-cooperators but
cooperators as well. Positive reciprocity, too, becomes harder to implement as group size
increases. Whenever n > 2, reciprocity in a VCM must be directed against the collectivity
and based on some descriptive statistic of others' contributions such as the minimum
(Sudgen, 1984), or a central tendency (Croson, 2000; Keser and Van Winden 2000).
Second, Komorita, Parks and Hulbert (1992) have shown empirically that with
increasing group size it becomes next to impossible to realize that one's contribution is
being met with reciprocation. The increased vagueness of the behavioral dialogue of
cooperation is probably exacerbated by the fact (discussed earlier) that in any Prisoner's
Dilemma, even with only two players, defection can be confounded with lack of trust.
Third, if n > 2, free riders can exploit a subset of group members who use a
reciprocal strategy (Komorita & Parks, 1999).
Summary of VCM research
The theoretical model underlying the VCM is uncontroversial. As long as
parameters are set to make non-contribution the dominant strategy, individually rational
persons should not cooperate. The frequent pattern of over-contribution with regard to

Recently, attention has focused on the more complex phenomenon of indirect reciprocity
mediated by the image score, that is, one's reputation with one's group in order to account for
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equilibrium predictions also can not be questioned. Its robustness has been amply
demonstrated. It is the reasons for this divergence between theory and behavior that are
under dispute.
Cooperative motives have been examined to a greater extent in the context of a
VCM than in the context of trust games, and experimenters have come up with a plethora
of sometimes contradictory fmdings. There is no consensus on what drives the aggregate
behavior patterns typically observed (Goeree, Holt & Laury, 2000; Ledyard, 1995).
Motives for cooperation in experimental settings are probably multiple and vary between
people (Goeree, Holt & Laury, 2000; Ledyard, 1995, p.173). Clearly, individual
differences in contribution behavior are substantial, as can be seen from studying the raw
data from just about any of these experiments. Yet they have barely been addressed in
current research. It is also not yet clear how stable cooperative motives are, how they are
affected by factors such as mood or framing, and how different motives interact and
possibly counterbalance each other. Further, even though the effect of various
environmental features such as face-to-face interaction, communication and group
heterogeneity on VCM contributions has been studied, it remains to be discovered how
these features affect specific motives.
At this point, multiple and disparate results and explanations about behavior in a
VCM wait for integration. One hindrance in integrating findings accumulated so far is
the fact that experimental setups vary. Results therefore are often not directly
comparable. In the studies in Chapters 3 and 4, which involve a VCM, care was taken to

recirpocity that would otherwise be strictly off-equilibrium (See for example Wedekind &
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integrate the experiments methodologically into prior experimental research and with
each other, in order to facilitate comparisons.

4. A short overview of the tliree experimental essays
As in many previous studies on cooperativeness, in all three experiments
described in the next three chapters, many individuals cooperate when according to
theory they should not (Chapters 2 and 3) or cooperate to a greater degree than theory
suggests (Chapter 4 with interior Nash equilibria). While the existence of patterns of
over-contribution is by now well established, the above overview of experimental results
illustrates that many questions remain as to what exactly underlies cooperative behavior,
and why the degree of cooperativeness varies both across individuals and across
situations. Factors that affect the observed variation in cooperativeness may be divided
into three broad categories: Factors residing within an individual such as education and
personality (Chapter 2) or an individual's interpretation of a situation, factors residing in
the environment as modeled by the structure of the game and the behavior of other
players (See Chapters 3 and 4). Finally, individual factors and environmental features
may interact, if the situation is framed in one way or another (e.g., Hoffman, McCabe &
Smith, 1996a).
Endosenous factors. There is a long tradition"*^ in psychology of assessing
individual differences (see for example Schultz & Schultz, 1987, for an overview).

Milinski, 2000).
The study of individual differences is considered to have started with Galton's (1869) book
Hereditary Genius.
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While in the last decade or so there has been a rapprochement between experimental
economics and psychology (Rabin, 1998), the individual differences literature, with its
complex and still partially open issues with regard to measurement (e.g., Anastasi, 1988)
and the prediction of behavior (e.g., Grusec, Lockhart & Walters, 1990, Ch. 10) has not
made any significant inroads into experimental economics. Experimental economists
have treated individual differences as noise rather than as something that needs
explaining. In Chapter 2 we address individual differences and use a personality test to
screen subjects for trustworthiness in a trust game. We find that a personality test can
serve as a—albeit crude— screening device. As people who score high on the personality
trait of Machiavellism respond to different incentives than those who score low, knowing
subjects' score on this personality dimension could be used in the design of differential
incentives in order to encourage the different types to cooperate.
Environmental factors. Chapters 3 and 4 address the effects of features usually
present in the field that are hypothesized to enhance cooperation above and beyond the
already elevated levels found in a standard VCM experiment. For this purpose, we relax
certain features of the standard VCM described in section 3.C and thus increase
experimental realism.
While Chapter 2 addresses the measurement of individual differences in
cooperative behavior, in Chapter 3 we directly incorporate individual differences
cooperative behavior into institutional design and group like-minded contributors in a
VCM. The imderlying thought is that in the real world, people choose with whom they
associate, be it in their private life, or organizations and communities. Certainly, groups

61

differ in the extent to which their members cooperate. This is reflected, for example, in
the character of different communities and cultures. However, in real life three different
factors, which are not mutually exclusive and are hard if not impossible to separate
empiricallly, may underlie this observation. First, it is possible that these differences in
communities' level of performance reflect differing valuations of their public goods by
members of different communities and that within a community members are satisfied
with the level of public good provided. Second, it is possible that members of the same
community do not agree on the valuation of the public goods generated. This would make
it impossible to generate the public good at the level desired by community members who
value it most. Third, these differences between communities may not reflect the
valuation of the public good but instead reflect a differential ability (and, therefore, cost)
to cooperate, either within or between communities.
However, an experimental VCM differs from the real world in that every
participant should value the public good equally, as it is monetary and can be exchanged
for whatever an experimental subject most desires. Thus, any differences in
cooperativeness that are observed can not be due to differential valuation of the public
good generated within a group. They must be due to differential will and ability to
cooperate. A further feature that distinguishes a regular VCM from most real-world
communities is that in a VCM a participant can not choose the group he belongs to. In
political science, there has been a substantial amount of research on "exit" strategies from
organizations (Hirschman, 1970; Tiebout, 1956) as a result of discontent with a
community's performance. Participants in a VCM do not have this option. Thus, we can
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Study the effect that differential willingness and ability to cooperate has on group

members' contributions.
As mentioned above, individual differences in cooperation are substantial. How
are contributors affected by free riders, given that they can not join another group? The
only "exit" strategy available to them is apathy, that is, to no longer participate in the
group effort. The effect of like-mindedness as a factor encouraging group members'
VCM contributions has hitherto been little examined. In Chapter 3 we tr>' to answer the
question about the effects of free riders on contributors, and propose a model to account
for that effect. Again, knowing whether grouping the like-minded enhances efficiency
may eventually allow the design of more effective policies.
While the experiments in Chapter 3 examine how the internal composition of a
group affects cooperative behavior. Chapter 4 examines how a group's enN'ironment and
interaction with other groups affect cooperation. Again, we relax an assumption of the
regular VCM, namely that groups exist in isolation. We model the fact that in the real
world, groups are embedded within a larger social network. Individual group members
share in both the material rewards (for example, the spoils from winning a conflict) and
the psychological rewards (for example, the satisfaction of winning) from how well their
group does vis a vis the larger social environment. If group members can win additional
material rewards in case their group does well in a material conflict with another group,
the possibility of wirming such a prize changes the structure of the game. In a standard
VCM, the equilibrium contribution is zero. If, everything else being equal, there is a
chance to jointly win a prize, then the equilibrium contribution, which otherwise would
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be zero, may actually be greater than that. We find that individuals respond to these
material incentives. Our results further indicate that additional psychological motives
may be at work under group competition conditions, and may raise cooperativeness
above equilibrium levels. Again, the results can be used in practice to increase
cooperativeness by inducing group competition.
I chose to examine these questions- individual differences in cooperativeness,
and how cooperativeness is affected by like-mindedness within the group and by the
larger social environment— for two reasons. First, documenting and understanding the
pervasive and cross-cultural behavior of cooperativeness adds to our knowledge of the
human species. Second, this research has practical implications because cooperation
increases efficiency. To the extent that we manage to cooperate, we can achieve. To the
degree that a group (be it a family, an organization, or a nation) manages to cooperate
better than others, it gains a competitive edge. New cooperative challenges now await us
in an increasingly globalized world where we will need to join forces to solve, for
example, large-scale environmental problems. I hope that the findings of all three studies
will eventually contribute to increase efficiency-enhancing cooperative behavior in the
field.
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CHAPTER TWO
USING THE MACH-IV PERSONALITY MEASURE TO PREDICT
TRUSTWORTHINESS IN A BARGAINING GAME^'

I. Introduction
Trust, reciprocity and individual differences
Trust is a voluntary transfer of a good or favor to someone else, with future
reciprocation expected, but not guaranteed. Reciprocity is voluntarily repaying a trusting
move at a later point in time, although defaulting on such repayment is in the short-term
self-interest of the reciprocator. If trust is reciprocated, both parties gain from the
exchange.
Trust and reciprocity are ubiquitous in interactions between friends, colleagues,
and acquaintances. Examples range from children lending each other crayons to verbal
commitments between political negotiators. A propensity to exchange favors and goods
and to acquire culture-specific reciprocity norms is observed cross-culturally, and is part
of the genetic/cultural makeup of humans, as well as Chimpanzees (Lykken, 1985;
Cosmides and Tooby, 1992; Brown, 1991, p. 137-38; DeWaal, 1989). Humans take trust
and reciprocity for granted, often failing to notice the pervasiveness of these behaviors.
Cooperation is not necessarily in conflict with game-theoretic predictions of what
self-interested agents should do. An other-regarding act, even if not reciprocated, often
enhances one's reputation. Moreover, social interactions are usually games of indefinite

•" This chapter corresponds to a paper with the same title by Gunnthorsdottir, McCabe and Smith.
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length. There is most often a chance, however small, to meet again. In such games many
kinds of equilibria are possible, cooperation included. However, game theory fails to
account for the ubiquity of cooperation among humans; it only allows for it as one of
many possible equilibria.
Game theor>' also does not account for the fact that trust and reciprocity are often
achieved without the use of trigger or punishment strategies - the traditional vehicle for
cooperation through repeat interaction. Further, trust and reciprocity persist in gametheoretic experiments in which interactions are anonymous and finite. It seems that many
subjects bring with them to the lab automatic responses slanted toward reciprocity, and
that these become weaker, but do not disappear, as anonymity increases (Hoffman,
McCabe and Smith, 1996a). However, these anonymity effects are not uniform—we
observe individual differences in the degree of trust and reciprocity in these experiments.
For example, in dictator games, subjects show other-regarding behavior when they
voluntarily share a fixed sum of money with their counterpart. While some 20% of
subjects keep it all, 80% share something to varying degrees (Forsythe, Horowitz, Savin
and Sefton, 1994). In multi-stage bargaining games, too, there is a propensity toward
equitable outcomes rather than using one's full advantage. Again, there are large
individual differences (Thaler, 1992).
When Berg, Dickhaut and McCabe (1995) examined behavior in the simple oneshot trust game with continuous strategy space described in Chapter 1, Section 3.B^°, 30

A first mover could entrust his or her counterpart with any fraction of her SIO show-up fee.
Any amount given was known to triple before the other player received it. The second mover then
had to decide how much of that money, if any, to return to the first mover.
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of 32 first movers entrusted their anonymous counterpart with at least some of their $10
show-up fee. Just as in dictator games, behavior was very variable. While 8 of 32 second
movers kept all of the money, eleven reciprocated sufficiently for both players to make a
profit.
Similarly, McCabe, Rassenti and Smith (1996) and McCabe and Smith (1998) let
subjects interact anonymously in extensive-form trust games in which anonymous pairs
of players alternated their moves along a game tree, with options of trust, non-trust,
reciprocity and defection (See Figure 1.4 for an example of such a game). 46% of
players trusted in a one-shot game. Half of their counterparts reciprocated that trust and a
mutually advantageous outcome was reached. Given the firequency of reciprocation, the
expected return from trust was as at least as high as that from non-trust.
While standard economic theory cannot predict the variability in observed behavior,
social psychologists have found that personality scales are helpful in predicting
behavioral variance. Further, evolutionary game theory might help explaining why a
specific personality scale can account for behavioral variance in trust games.

IVhv individual differences in tnist and reciprocity?
When considering evolution, individual differences in cooperativeness appear
inevitable. Cooperation is not an evolutionary stable strategy. The existence of
cooperators ~ individuals who trust and reciprocate— supports the emergence of cheaters
who abuse trust (Trivers, 1971). How well cooperators fare compared to cheaters
depends on the firequency of interaction within and between types. Two cooperators share
the benefits of mutual assistance. If a cooperator meets a cheater, the former is exploited.
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Cooperators should, therefore, favor lasting reciprocal relationships with like-minded
individuals. Defectors should have short-term relationships, as they must latch on to a
new partner once they have revealed their type by not reciprocating. A mix of
reciprocator and cheater strategies can only persist over time in a population if the
strategies maintain an evolutionary equilibrium, i.e., all lead to equally successful
reproduction of their adherents (Hirshleifer and Coll, 1988; Hirshleifer, 1982).
As social creatures living in groups, humans face conflicting evolutionary and
motivational pressures with regard to reciprocity and cheating. As initially pointed out by
Humphrey (1976), a group member's success - ultimately reproductive success- depends
on two conflicting behavioral strategies:

. .there are benefits to be gained .. .both from

preserving the overall structure of the [cooperative] group and at the same time
exploiting and outmaneuvering others within it". However, boundedly rational humans
are unable to respond optimally to each single situation. Rather, each individual is likely
to develop his or her own set of behavioral strategies that are then applied across
situations. Such decision heuristics allow speedy response but do not permit precise
adaptation to specific situations (Grusec, Lockhart and Walters, 1990). Individuals'
strategy sets can be expected to vary in the amount of cheating allowed (Trivers, 1971).
Recent research suggests that heuristics can be emotionally based. Emotions often
process the information in a decision situation before it has been consciously grasped,
causing a semi-automatic response (Damasio, 1994). Lykken (1995) argues that
interpersonal decision-making involving values is executed via emotionally based
heuristics. People usually acquire such heuristics in childhood through a process of
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classical conditioning. Lykken argues that due to individual differences in emotional
arousability, individuals vary in the ease and speed with which they respond to
conditioning. Children with cool affect are, therefore, harder to socialize and less likely to
internalize social norms, including reciprocity. They will end up with relatively weak
internal standards, with what is commonly called "a weak conscience". Such persons can
therefore more easily separate themselves from norms when it is to their advantage.

In

an interpersonal exchange situation, they are more likely to cheat. Frank (1988) has
made a similar argument about the role of affect, arguing that emotions are a commitment
device, assuring that, for example, a reciprocator will stay committed to reciprocation in
the face of temptation. Cool affect is therefore a characteristic we would expect in a
cheater.
Mealy (1995) argues that sociopaths fit the cheater profile. Sociopathy is a
distinct clinical category, a personality disorder found in about 3% of males and about
1% of females. Sociopaths possess superficial charm and normal intelligence. However,
they are exploitative and tend to engage in antisocial behavior and crime. They are
unreliable, untruthful, and lack remorse and shame. Because they are exploitative, the
relationships of sociopaths are usually short term, forcing many to wander in search for
new partners. Physiological measures support the common perception that sociopaths
lack emotions (Lykken, 1995; Hare, 1993; Hare and Craigen;1974; Cleckley, 1955)

Eysenck (see Eysenck and Gudjonsson, 1989) has made a similar argument, which is supported
by physiological evidence. According to Eysenck, it is differential cortical (via the reticular
formation) rather than emotional, arousal that mediates individual differences in the ease of
classical conditioning. However, a physiological link between cortical and affective arousal has
been demonstrated (e.g., Geen,l984), connecting Lykken's (1995) and Eysenck's theories.
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However, Mealy notes that disregard for social norms is not limited to
sociopaths. Normals, too, vary in their commitment to conventional morality and in the
robustness of their reciprocity strategies in the face of temptation. Mealy suggests that the
personality dimension of Machiavellianism could serve as a measure of subclinical
tendencies to cheat (1995, p. 534).
Christie and Geis (1970) first drew attention to Machiavellianism as a
personality trait and developed a series of tests to measure it. A general cool attitude,
manifested as a detached, rational stance toward values and social norms, interpersonal
detachment, and manipulativeness, distinguishes those who score high on a
Machiavellianism test. So-called "High Machs" are able to behave opportunistically if it
is to their advantage. They are rational, self-interested, and often materialistic (Effler,
1983), have a penchant toward opportunism, and are more upset by inefficiency than by
injustice (Christie and Geis, 1970b, p. 353). They appear to be true homines economici.
Never taking set limits for granted, they continuously test how far they can go. High
Machs are "called 'opportunistic' by those who deplore [their behavior], [but]'realistic'
by more admiring observers" (Geis and Christie, 1970, p. 303). It is very important to
note, however, that unlike sociopaths, high Machs are not marginal. They are wellintegrated into society.
Low Machs, on the other hand, accept implicit and explicit rules and norms such
as reciprocity (Christie and Geis, 1970a p. 351). With their relatively strong affect, they
tend to get emotionally involved in their interactions with others, and can not easily
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separate themselves from moral precepts in situations that would favor such behavior
(Geis and Christie, 1970a).
The Machiavellianism scales of Christie and Geis have been used in more than
500 psychological studies, both experimental and demographic. Overall, Highs
outperform Lows in most of the short-term interactions of typical experiments, especially
so if an environment allows for face to face contact, latitude for improvisation, and
arousal of irrelevant affect (Geis and Christie, 1970).
In spite of the apparent advantage of High Machs over Low Machs in psychology
experiments, Machiavellianism is not related to IQ (Christie, 1970a; Wilson, Near And
Miller, 1996). High and low Machs also do not differ in socio-economic status (SES)
(Christie, 1970c; Fehr, Samson and Paulhus, 1992). This indicates that differing degrees
of Machiavellianism do not reflect different interpersonal abilities. While high Machs~as
expected of cheaters- outdo Lows in the short run. Lows seem to catch up somehow in
the long term.
Even though high and low Machs do not differ in SES, people with similar Mach
scores cluster in specific occupations. Highs are entrepreneurial (Christie and Geis,
1970a) have a materialistic value orientation, and favor, for example, careers in business
and law. Low Machs are attracted to occupations such as social work and school teaching
(Effler, 1983; Wertheim, Widom and Wortzel, 1978; Gupta, 1987; Christie and Geis,
1970a).

" See methods section for a discussion of the scale's psychometric properties.
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The origins of individuals' Machiavellianism are not clear. Parental Mach scores
have predictive value (O'Kelley and Solar, 1971; Kraut and Price, 1976), but it has not
been established to which extent this is due to genetic or environmental factors. Social
factors do affect Mach scores. Scores are higher among those raised in urban areas and in
non-traditional societies.^^ Mach scores are also lower in older cohorts (Christie, 1970c;
Mudrack, 1990). Christie and Geis, (1970b) and Wrightsman (1974) attribute this
increase to a society that is increasingly in flux and therefore encourages Machiavellian
behaviors such as improvisation and limit-testing. These data are also consistent with the
explanation that increasing geographical mobility and urbanization in turn increases the
frequency of one-shot encounters, making Machiavellian strategies more advantageous.
When identifying individuals' styles of interpersonal exchange,
Machiavellianism has the advantage over sociopathy of being not a distinct clinical
category but rather a personality trait measured along a continuum. Wilson, Near and
Miller (1996), in a comprehensive overview of the intersection of personality literature
and evolutionary literature, advocate the use of Machiavellianism scales to test
evolutionary cooperator-defector models and suggest an array of testable hypotheses
derived from evolutionary theory.

" Mealy (1995) points out that in addition to entirely genetically determined sociopaths, there
exist persons with a tendency toward sociopathy, with its manifestation dependent on cultural
factors.
" They convincingly argue that evolutionary models would benefit from empirical verification,
which requires identifying cooperator types. Studies in Machiavellianism, on the other hand, have
hitherto lacked a theoretic framework which evolutionary theory can provide.
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A Cautionary Note on Predicting Strateeic Behavior Usinz Personality Measures
It would be empirically useful and fully compatible with game theoretic concepts,
if we could find a simple scoring task that identified player types; in particular types that
would differ in their propensities to be trusting (cooperative) or be trustworthy
(reciprocating). To be most useful as a prescreen in game-theoretic experiments, a
personality measure must predict a small number of behavioral choices in specific
situations and for modest sample sizes. Yet in single situations personality measures tend
to show low

with behavior they are e.xpected to predict. Personality measures identify

general behavior patterns and their predictive power increases with aggregate
observations over time and situations (Epstein, 1979; 1977). The power of personality
tests in predicting behavior in experiments may therefore be weak. (For a critique of
cultural theory based on personality measures, see Sjoberg, 1997.)
It should be noted, however, that low

does not necessarily imply that a

predictor is of little importance. Thus, Rosenthal (1990) provides several examples in
psychology and medicine where treatment effects are of great practical importance, but
the R' were as low as 0.11% (effect of aspirin on heart attacks). For example, treating
AIDS patients with AZT reduces deaths from 61.5% to 38.5%; dramatic enough to cause
termination of the trials, although the R* between survival and treatment with AZT was
only 5%. (Also see Slovic and Peters, 1986).
Why should Mach scores predict reciprocity? Evidence from experimental psychology.
Cool emotions. High scoring Machs are not easily ruffled. They are not
distracted by affect and can calmly identify the optimal strategy in each situation
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(Christie and Geis, 1970a). Unlike low scorers, they do not experience cognitive
dissonance (Bergit, Geis, Levy and Zimbardo, 1970). Further, Highs are able to resist
social pressure while Lows are sensitive to it. For example. Highs cheat if given rational
arguments in favor of it, and when the probability of detection is low. Low Machs can
easily be coaxed into cheating by someone else (Cooper and Peterson, 1980; Exiine,
Thibaut, Hickey and Gumpert, 1970)
Violate reciprocity. This last result shows that Lows, under social pressure, do
violate social norms. However, it also indicates that Lows get emotionally involved with
people they encounter, which furthers reciprocity (both positive and negative, i.e.,
retaliation). In fact, low Machs are less likely to steal from someone who trusts them.
Highs do not reciprocate such trust, but rather take advantage of it (Harrell and Hartnagel,
1976). Highs are also more ready to leave an implicit alliance when it is to their
advantage (Geis and Christie, 1970 ch. 15).
Values and principles. Highs separate themselves more easily from values than
Lows do. For example, in political bargaining, Lows get distracted by afTect as they get
involved in the issues at stake, while Highs maintain a rational stance which makes them
more successful politicians (Geis, Weinheimer and Berger, 1970). High Machs are also
more ready to behave unethically in business, for example, accepting kickbacks (Hegarty
and Sims, 1979; 1978; Jones and Kavanagh, 1996).
Persuasiveness, manipulativeness, lying. High Machs are perceived as having a
more attractive personality than Lows, and as more intelligent (Cherulnik, Way, Ames &
Hutto, 1981). They are hard to size up for low Machs, to whom they wrongly appear as
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more predictable than Lows and as less Machiavellian than they really are (Geis and
Levy, 1970). Highs are creative at improvising manipulative tactics (Geis, Christie and
Nelson, 1970) and are more credible liars than low Machs (Exline et al, 1970; Geis &
Moon, 1981). They outperform Lows in bargaining (Geis, 1970a; 1970b; Christie and
Geis, 1970c; Huber and Neale, 1986^ and do not hesitate to use ingratiating tactics
(Pandey and Rastogi, 1979)
Trust. The original authors of the Mach scales noticed that high Mach subjects
were less credulous than Lows with regard to experimental manipulations (Geis and
Christie, 1970). In fact, cynicism is a content component of any Mach scale (see, for
example. Appendix A). Harrell (1980) found that high Machs are more likely to suspect
others of covering up and lying. On the other hand, at least for sociopaths, Eysenck and
his collaborators have shown that due to sociopaths' hypoarousal, sociopaths seek
stimulation in the form of risk and thrill (Eysenck and Gudjonsson, 1989). High Machs,
as subclinical sociopaths, might therefore be more risk-seeking than low Machs and
willing to take chances in interpersonal encounters—a behavior that might be mistaken
for a trusting interpersonal orientation. The few psychological studies that have dealt with
this subject (AIIsopp et al. 1991; Tambomi, Stiff and Zillmann, 1988) indicate that high
Machs are, in fact, more risk-seeking than Lows. Further, in a game-theoretic study
Block and Gerety (1995) found that criminals (among whom there is much higher
proportion of sociopaths than in the regular population) are more risk-seeking than
university undergraduates.
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Machiavellianism and experimental sanies
High Machs with their cool, rational attitude, should be true gamesmen, and better
than Lows at going after their short-term self interest in anonymous and finite
interactions. While Mach scales have been used extensively in psychological research,
they have not been widely used in game-theoretic experiments. The few experiments so
far have focused on the Prisoner's Dilemma (e.g. Wrightsman, 1966; Ueijo and
Wrightsman, 1967), related normal-form pairwise interactions (Christie, Gergen and
Marlowe, 1970) and the game of chicken (Marin, 1973), and have not yielded any
meaningful results.
Wilson, Near and Miller (1996) suggest that this apparent lack of results is due to
experimenters failing to compare behavior over repeated trials. High Machs should be
responsive to the strategic distinctions between one-shot and repeated games, with
repeated games offering the possibility to manipulate their counterpart into mutually
advantageous cooperation, at least in the beginning. Therefore, Highs should reciprocate
in repeat interaction, at least initially, but defect in one-shot games. Low Machs, on the
other hand, should remain cooperative in both situations. This hypothesis has yet to be
tested with regard to positive reciprocity. However, Meyer (1992) confirms it with
regard to negative reciprocity (retaliation). He found low Machs more willing to refuse
low offers as second movers in an ultimatum game, both in single and in repeated play,
supposedly due to fairness norms. On the other hand. Highs were willing to accept low
offers in single play, but resisted them in repeated interaction. Presumably, by refusing
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low offers in repeated interaction, Highs were trying to force their counterpart to better
his or her offers.
Another possible reason why high and low Machs have not hitherto been found to
differ in games used so far, is that players moved simultaneously. Simultaneous moves
do not capture the sequential interactive situation of reciprocal exchange in which a
trusting move can be interpreted as a signal of cooperative intent and can either be
reciprocated or exploited by another person (McCabe, Smith and LePore, 1998).
Differences in the behavior of high and low Machs are more likely to emerge in
extensive-form bargaining games (called "Trust Games" in Chapter 1) than in normalform games. In the former kind of games, pairs of players face a conflict over resource
distribution together with the option to cooperate for mutual gain. They alternate in their
moves and face choices between trusting and distrusting behavior, and between
reciprocity and defection.
The $10 Tnist Game
The SIO Trust Game shown in Figure 1.2 is a simple bargaining game in
extensive form. Player 1 moves first and faces ^vo options. He or she can move right,
avoiding interaction and ending the game. In this case, each receives $10. A riskier, but
potentially more rewarding move is for Player 1 to move down and give Player 2 a
chance to move. In this case, whatever Player 2 does, joint payoffs double (from S 20 to S
40), representing the gains from cooperation. Player 2, if given a chance to move, has
two options: He or she can defect by moving down, taking the entire joint payoff of $ 40,
and leaving Player 1 with nothing. Alternatively, he or she can move right. A right move
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by Player 2 gives both players more than if Player 1 had moved right and ended the game
($15 vs. $10 for Player 1, $25 vs. $10 for Player 2).
Player 1 signals to her anonymous counterpart through her very move. Moving
right conveys distrust in Player 2. Moving down signals trust and a desire to arrive at the
mutually advantageous outcome of [15,25].
The noncooperative equilibrium in this two-stage game, arrived at by backward
induction, is so easy to determine that it is hard to imagine that any subject might not
fully grasp the dominant strategy and the risks of deviating from it. Camerer, Johnson,
Rymon and Sen (1993) find in a shrinking pie game, that all subjects look ahead one
stage, and based on their results, one would e.xpect the same here. Starting with Player 2
at node 2 of the $ 10 trust game, if he is rational and self-interested, he moves down to
get $40. Player 1 can anticipate this and therefore will move right. The equilibrium
outcome, [10,10], is less efficient than the [15,25] the players could attain through trust
and reciprocity.
When this game was played by 24 unscreened undergraduate students who
interacted once and anonymously, 12 of 24 first movers trusted their counterpart and
moved down. Their trust was rewarded by 75% of their counterparts who reciprocated by
moving right (See Figure 2.1). First movers who moved down made, on average,

" The $10 Trust Game is a simplified version of the Uvo-stage investment game devised Berg,
Dickhaut and McCabe (1995) described in Chapter 1 Section 3B. A move down by Player 1
corresponds to an investment of his or her $10 show-up fee, which, on the way to Player 2, is
tripled to $30. These S30 are split evenly if Player 2 moves right, yielding $15 for Player 1 and
$25 for Player 2 ($15 plus Player 2's show-up fee of $ 10). If Player 2 moves down however, the
result is $0 for Player 1 and $40 for Player 2. Guth and Kliemt (1994) introduced an essentially
identical extensive-form game, which they call "game of trust".
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somewhat more than those who moved right ($ 11.25 vs. $ 10). (McCabe and Smith,
1998).
Hypotheses
How should high Machs differ from low Machs when playing the SIO Trust
Game? The first move involves a choice between trust and distrust, and two contradictory
predictions can be derived. As Highs have been found to be more cynical than Lows
(Geis and Levy, 1970), they should move right more often than Lows. On the other hand,
as Highs seem to be more risk-seeking than Lows, this should motivate them to make the
risky move down, not knowing whether their counterpart will cooperate or defect.
Similarly, Highs may be motivated to move down because they correctly read the average
person as being trustworthier than they themselves are (Geis and Levy, 1970). On the
other hand, it is a common finding that non-cooperators, at least in groups, believe others
are like them (see for example, Dawes McTavish and Shaklee, 1977); this might
therefore motivate Highs to move right.
Therefore, the authors concluded a priori that the Mach score is ambiguous in
predicting the behavior of Player 1. Any test of behavioral differences between high and
low Machs the Player 1 role must therefore be two-tailed.
The second move involves a choice between reciprocation (by choosing [15,25])
and taking advantage of Player I's trust (by choosing [0,40]). Here, predictions are clear
for high Machs: a defector, as described in evolutionary game theory, abuses trust and
takes all he can. As high Machs easily separate themselves from reciprocity norms, and
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can size up an interaction in a detached, rational manner, we expect them to play the
dominant strategy and choose the outcome that gives them S40, leaving their counterpart
empty-handed. Low Machs, on the other hand, can not separate themselves as easily from
reciprocity norms, and get emotionally involved in the interaction with their counterpart.
They should reciprocate and move right.

2. Method
Measures
To assess Machiavellianism, we used the Mach-IV scale developed by Christie
and Geis. This paper-and pencil scale consists of 20 statements in three substantive areas:
Machiavellian views, tactics, and morality. For ten of the items, endorsement is an
indicator of Machiavellianism, while the other ten items are reverse-coded so that
endorsing them is a sign of low Machiavellianism. Test takers endorse or refute the
statements on a seven-point Likert scale ranging from "strongly agree" to "strongly
disagree" (See Appendix A). Raw scores rank from 20 to 140. A constant of 20 is added
to all raw scores so that the scale ranges from 40-160, with a theoretical midpoint of 100.
The higher the score, the stronger the test-taker's Machiavellian orientation. The
maximum score of 160 is achieved by someone who strongly agrees with all ten
statements expressing a Machiavellian attitude, and strongly disagrees with all ten
statements reflecting an anti-Machiavellian attitude.
Reliability. The mean item-whole correlation of the Mach-IV was assessed by its
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creators at 0.38, the scale's split-half reliability^^ at 0.79 (Christie, 1970b) both at
acceptable levels. To our knowledge, there have been no studies assessing the stability of
Machiavellianism over an extended period. Meyer (1992) reports a test-retest reliability
of 0.73 over a two-week period (N=126). As our entire research project on
Machiavellianism extended over nearly nine months, we assessed the test-retest
reliability of the Mach-FV over that interval. During that time, test-takers nearly
completed their freshman year and participated in at least one game-theoretic experiment.
The correlation between their initial test score and their score nine months later was a
satisfactory 0.64,

indicating Machiavellianism's temporal stability.

Subjects
Fifteen hundred and ninety-three freshmen taking an introductory psychology
class took the Mach-IV test (see Appendix A), either in September 1997 or in Januar>'
1998. Women were slightly over-represented among test-takers (61.17 %). To our
knowledge, such a large group has not been tested for Machiavellianism since the 1960s
when Christie (1970c) used samples of similar size.
Scores ranged from 48 to 154, with a mean of 93 and a standard deviation of
13.11. Consistent with previous research (Gupta, 1987; Christie, 1970c), women turned
out to be less Machiavellian than men (t [1532] = 8.86, p < 0.000). The mean score for

" To compute this measure of consistency of content, the test is divided into two halves, which
are then taken separately by the same person.
" Another 15 students took the Mach-IV twice within a five-month interval. Their test-retest
correlation was 0.87. An acceptable test-retest reliability score for a personality test, obtained
over a period of a few weeks (much shorter than here), is equal to or larger than 0.70 (Bohon,
2000). It is worth noting that with any test-retest reliability coefficient, correlation coefficients
are not unity for two reasons: First, unreliability of the test per se, and second, actual change in
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men was 96.69 (SD =13.50) for women 90.77 (SD = 12.25). Our statistics are consistent
with Christie's (1970c) college sample taken in 1964. (see Table 2.1), but the average
Mach score in our sample was higher than the score in Christie's sample. This is
consistent with previous observations that Mach scores of Americans have been
increasing in recent decades (Christie, 1970c; Wrightsman, 1974)
From our tested freshmen population, we recruited 266 individuals who scored
either low (<= 80, up to the 16"' percentile) average-to-low (> 80, <91, percentile 16 41)^®, average (91-95, (percentile 41-58), or high (> 107, 88"' percentile and above) on
the Mach scale. There was no way of students guessing that the test they had previously
taken was connected to their recruitment. Subjects were invited to a one-hour experiment
with a S5 show-up fee and the possibility of additional earnings depending on their
decisions during that experiment.
Experimental desien and procedure
Mach test scores were collected in late August 1997 (N=l 132) and in January
1998 (N=461). Students who took the test in January 1998 were added to the subject pool
at that time. The experiments were conducted between late November 1997 and February
1998.
The experimental design was balanced, with three pairings and six subject pairs
per session: (1) two low-high pairs (with a low Mach as the first mover, a high Mach as

the trait over time. It is impossible to completely separate these two effects, but test-retest
reliability can not exceed reliability of the test per se.
Originally, the authors had planned to use only low, average, and high Machs. The Average Lows were used as fillers when it was decided to run further experiments and more subjects were
needed.
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the second mover), (2) two low-low pairs, and (3) two pairs in which both players had
average Mach scores. After the data from 19 such sessions had been collected, we ran
five additional sessions in which high Machs were in the first mover position.

The

second mover position was filled with subjects who ranged from lo^\• to average in
Machiavellianism. Since subjects were costly and difficult to recruit, and we had to
overbook in all categories of Mach score, we occasionally admitted an additional pair.
We ran sessions with as few as four pairs, and if we could not form exactly the pair
combination planned, remaining subjects were arranged in one of the other treatment

We followed the standard procedures at the University of Arizona's Economic
Science Laboratory. Each subject received $5 in cash upon arriving in time for the
experiment. Immediately upon arrival, each subject was randomly assigned to a computer
terminal reserved for his or her type, and seated at that terminal. This minimized any
socialization among subjects waiting together. The terminals are separated by blinders
and subjects never sat at adjacent terminals. Participants privately went through
computerized instructions, with practice examples of game trees, including alternating
moves with a simulated counterpart. At the start of the actual experiment, an

" In this latter series of experiments, nine high Machs who had pre\-iously participated as second
movers were allowed in the first mover position. During their first participation, they had not
gotten a chance to move at all, because Player 1 in their dyad had immediately moved right and
ended the game.
^ On eight occasions, an odd number of subjects showed up and an experimenter assumed the
first mover position, moving down. On one further occasion, the experimenter was in the second
mover position We take care to avoid deception experiments because of its potential for
contaminating the subject pool if practiced as a matter of policy. In this case, 5% of our subject
pool were not informed that their counterpart was not another subject. Data from three subjects
were omitted as they turned out not to be in the specified subject pool.
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experimenter reiterated that subjects would interact once with an anonymous counterpart
in the room, with payoffs for both members of a dyad displayed on both their screens,
and a subject's own potential dollar payoffs highlighted. Subjects then played the $10
trust game shown in Figure 1.2, for the dollar amounts shown. At the end of the
experiment, participants filled out a short questionnaire and were then privately paid any
experimental earnings.

3. Results
Because, on average, males score higher on the Mach test than females, men were
slightly overrepresented among our high Machs compared to the proportion of men in the
whole sample. Similarly, women were overrepresented among low Machs. However, no
trace of a gender effect on behavior remained once Mach scores had been taken into
account.
Since there were no significant differences in behavior between low and average
Machs, the data from low to average Machs were combined to form the average-low
group (AL). Results are summarized in Figure 2.2. It shows frequencies and percentages
of moves, separately for high (H) and average-low Machs, in each mover position. There
is no statistically significant difference among types in the frequencies with which they
trust and move down as Player 1. In the Player 2 position, however, we found that while
54% of low to average Machs reciprocated trust and move right, 72% of high Machs in
the Player 2 position played the dominant strategy and defected. A one-tailed binomial
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test (normal approximation) shows that this difference in frequency in the second mover
position is significant at standard levels (Z=1.64, p = 0.05).
We also tested whether the proportion of unscreened, regular subjects who
reciprocate (9/12) differs significantly from the proportion of (12/20) average scoring
Machs who reciprocate (Z = 0.78, p = 0.56). This difference is not significant, and we
conclude that our unscreened subjects exhibit reciprocity behavior that is comparable to
the average Machs in our sample.

4. Discussion
Evolutionary game theory strongly suggests individual differences in reciprocity.
Lykken (1995) and Frank (1988), among others, suggest that individual differences in
reciprocity are due to differential emotional arousability. Mach scales help identify
individuals with a cool, rational attitude. We have argued that measurements of
Machiavellianism allow us establish individuals' propensity to reciprocate or to defect.
Evolutionary theory and the Machiavellianism literature led us to identical hypotheses
about individual differences in reciprocity behavior in the $10 trust game.
In the past, the use of personality measures to account for behavioral variance in
game-theoretic experiments has been very limited and for all personality measures
studied, the results have been mixed at best (Terhune, 1970). This might be due to the
fact that in the past, personality measures have been matched to games rather
indiscriminately. A personality measure can not account for behavior in a game if the
trait it measures is not relevant to the situation at hand. Matching a game to traits that
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really matter in that situation is a prerequisite for getting results. In the present study,
especially for Player 2, different behavioral choices were to be expected for high versus
low Machs. The task that Player 2 faces involves social norms, and a choice between
responding to a cooperative signal or ignoring that signal and realizing one's self-interest.
Even in such matched situations, however, a measure of a personality trait such as
Machiavellianism merely predicts differences in behavior among aggregates of types.
Even if trait measures were perfectly reliable and valid for the situation at hand, some
behavioral variation within types would remain, due to individuals' varying states and
due to differences in how they frame and interpret a situation. Therefore, personality
tests only generate hspotheses about the existence and direction of effects, rather than
effect magnitude (Epstein, 1984). This fact holds for this study as well.
For first movers, our data show that high, low, and middle Machs do not differ in
their propensity to trust their counterpart. Statistically, all types appear equally divided
between a trusting and a non-trusting move. However, it remains to be established
whether the same motivational and cognitive processes underlie these identical decision
frequencies. Findings about high Machs and, more generally, defectors indicate that high
Machs in the first mover position might face contradictory motivations and cognitions.
High Machs might be more risk seeking (which might induce them to choose the risky
interaction with Player 2), but at the same time are also known to be less trusting than
Lows. Studies in experimental game theory show that defectors expect others to defect as
well, while, on the other hand high Machs have been shown to correctly assess the
general population as less Machiavellian than they themselves are. The results for Player
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1 are in accordance with our original ambivalence about predicting the first mover's
decision from his or her Mach score.
For second movers, our data support our hypothesis. High Machs reciprocate less
than others in the population do. The Machiavellianism scale may therefore be useful as
an instrument to detect individual tendencies toward reciprocity and defection.
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CHAPTER THREE
EXCLUDING FREE-RIDERS IMPROVES RECIPROCITY AND PROMOTES
THE PROVISION OF PUBLIC GOODS®'

1. Introduction
Property rights can privatize incentives for the provision of goods that confer
public benefits. Unfortunately, it is often unfeasible to implement a property rights
system that truly privatizes incentives by making benefits proportional to investments.^"
Nevertheless, there is substantial evidence, such as Ronald Coase's (1974) historical
research on Great Britain's lighthouse system, suggesting that even without such a
system, most public goods can be privately provided." So how are public goods
provided? We present evidence from a series of public goods experiments suggesting
that the exclusion of free riders can lead to sustainable investment in public goods by
privately motivated individuals.
Existing experimental evidence about the effects of free-riders on cooperation in
public goods games has arisen largely as a by-product of research designed to test

Corresponds to a paper of the same title by Gunnthorsdottir, A., Houser, D. McCabe, K. &
Ameden, H.
In the accounting literature, to implement a property rights system requires the ability to make
participants accountable for the effect of their actions on a group's outcome (see Dickhaut &
McCabe (1997). Assigning such accountability is often made very difficult by the presence of
asymmetric information, the complexity of interactions between individuals and the fact that
actions and outcomes measurements are often highly subjective.
" Coase reports that lighthouse fees were collected by an agent at port. In our \-iew, the
government need not have played much role in enforcing fee collection since the lighthouse's
benefits would be clear to its users and any free-riders could be easily discovered and privately
punished (see Yamagishi, 1985; 1986) for evidence that individuals contribute more readily to the

88

theories of altruism and reciprocity such as Andreoni (1995a) or Croson (1998). These
experiments were motivated, in part, by the well-known result that cooperation in
experimental public goods games is much greater than standard economic theories of
free-riding predict, and that cooperation decays when public goods games are played over
multiple rounds (see, for example, Isaac and Walker, 1988). For example, Andreoni
(1995a) employed a novel experimental design that took a step towards separating social
motives from "confusion" and other sources of high contributions, and speculated that
about half of the observed cooperative decay is due to the effects of free-riders. Croson's
(1998) results indicate that individuals' contributions are correlated with their beliefs
about other group members' contributions, as well other group members' actual
contributions, again providing support for reciprocity theories.^ We are aware of only
one previous paper, by Orbell and Dawes (1993) that reports data from experiments that
directly examine the effects of separating free-riders from cooperators.^^
In this paper, we experimentally examine how separating free-riders from
cooperators affects cooperators' public contributions. To organize our analysis, we use
the "Goodwill Accounting" model of self-interested reciprocity, first advanced by
McCabe and Smith (1999) and reviewed in the next section. We use this model for two

second order public goods problem of providing a functioning system to punish free-riders than to
the original public goods problem.)
" There is substantial evidence that supports reciprocity in other e.xperimental environments. For
instance, Kurzban et. al. (1999) find strong evidence for reciprocity in a real-time public goods
game and Berg et. al. (1995) find evidence of reciprocity in an experimental bargaining game.
" Orbell and Dawes give subjects the option of not playing a two-person Prisoner's Dilenuna
game and find that subjects who choose to play the game are more cooperative and thus achieve
more efficient outcomes compared to subjects who were forced to play. They argue that subjects
who were intending to defect were more likely to choose not to play and thus we interpret this
option as providing a behaviorally induced exclusion deWce on free-riders.
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reasons. First, Goodwill Accounting theory provides a simple and testable procedure to
classify each subject as either a "free-rider" or "cooperator". Second, the theory provides
testable predictions about the effects of separating the two types based on their respective
public contributions.®^
Our baseline is a standard ten-round Voluntary Contribution Mechanism (VCM)
where in each round subjects are randomly arranged into groups of four. In the treatment
condition subjects are sorted before each round, without their knowledge, into groups of
four like-contributors. Therefore, the treatment reduces the frequency with which freeriders and cooperators interact, while holding all other aspects of the environment fixed.
Our results suggest that the characteristic gradual decrease in public contributions
is primarily due to decay in the contributions of cooperators, and that free-riders play an
important role in determining the rate of this decay. Specifically, we find that free-riders
affect cooperators' contributions because they reduce a group's provision of the public
good. This, in turn, reduces cooperators' contributions in subsequent rounds. The
magnitude of this effect depends on the rate at which free-riders and cooperators interact
as well as on the level of free-riders' contributions. We find two independent effects;
First, the more often cooperators interact with free-riders, the faster they lower their
contribution. Second, cooperators also decrease their contributions according to how
little free-riders contribute. Finally, we find that if cooperators meet free-riders
infrequently enough, they sustain their initial public contributions, particularly when the
marginal per-capital return (MPCR) to public contributions is not low.

The hypotheses we examine may be consistent with other reciprocity theories. Tests of
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2. Theory and Hypotheses
We use the Voluntary Contribution Mechanism (VCM), which is frequently
applied to examine free-riding behavior (see Davis and Holt (1993) and Ledyard (1995)
for reviews). The typical environment includes i = 1, ....

subjects, each with

endowment w,. Subject i contributes g, to the public good and leaves the remainder in a
private account. The total contribution to the public good is summed over all the
subjects' contributions; we will denote this aggregate by G. The key in a VCM is that the
return on investment in the public account differs from that in the private account. In
particular, the retum to each person on the total investment in the public account is given
by r while, without loss of generality, the retum on the private account is set to unity.
This means that the payoff function for player i is:
n(g„g.,) = (»v;-g,) + rG
where g., represents the vector of contributions of everyone except subject /. As long as
r < 1 it is easy to see that, given any arrangement of contributions by the other subjects,
each player i maximizes her individual payoff by free-riding, that is, by contributing
nothing to the public good. At the same time, as long as riV > 1 then it is Pareto optimal
if each subject contributes everything to the public good and frill contribution Pareto
dominates free-riding. The parameter "r" is the marginal per-capital retum (MPCR).
When designing VCM experiments the MPCR and the number of subjects are usually
chosen to generate tension beUveen free-riding and Pareto optimality.

Goodwill Accounting against various alternatives are left for future research.

91

Experimental research with the VCM has generated at least three widely
replicated results. First, cooperation is higher than predicted by standard theories of freeriding, such as the one described above, although there is usually a subset of subjects that
contribute very little to the public good. Second, total investment in the public account
tends to decay when the VCM is played for several rounds, typically ten, and in the last
few rounds contributions are usually much lower than in the first few rounds. Third,
contributions to the public good are usually higher when the MPCR is higher (Ledyard,
1995).
One theory that is consistent with these results, and which motivates the
hypotheses tested in this paper, is the "Goodwill Accounting" framework by McCabe and
Smith (1999).®^ This framework assumes that there are subjective benefits and costs to
contributing to the public account, and that a subject's contribution in each round
maximizes his expected subjective net benefit. Let the subjective expected cost to subject
/ in round t of contributing

, when the MPCR is r, be denoted by the function

C, ((l -r)g„), where C, is assumed to be convex and fixed over rounds. (l-/ )g„ is the
maximum possible pecuniary cost of an increment ing„., holding others' contributions
fixed. The subjective expected benefit of contributing is expressed as the product of two
tenns. The first term is

where n is the number of subjects in the group. B, is

assumed to be fixed over rounds, concave in gu and increasing in r and n. The subjective
expected benefit is assumed to be the product of

and a further term that takes account

" Alternative theories of reciprocity have been suggested by several others (see, e.g., Sugden
(1984), Croson (1998) and Ledyard (1995)).
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of the subject's beliefs about the characteristics of the people in his group. This second
term is Pi(a„), where Oi, is an index that varies over rounds in a way described below,
and that is higher when the subject believes the members of his group are more likely to
contribute to the public good.

The function

is assumed to be constant over rounds,

non-negative, increasing and bounded. It is important to emphasize that the functions B,
and Pi, are constant over time because they are assumed to reflect individual
characteristics and previous experience, fi, and P, are independent of the specific nature
of those with whom an individual interacts. Any effects arising from changes in an
individual's beliefs about the willingness of others to contribute to the public good are
assumed to be captured by changes in their a. Hence, denoting by vv;, the period t
endowment of subject /, his contribution to the public good in round t solves the
following optimization problem.
M a x : P i i a J B i i g i , , r , n ) - C,.([l - r]g,.,)
s.t.

0 < g,, < IV,,

Figure 3.1 depicts this optimization problem for the special case where
B-{g-„r,n) = r(/i -l)g„. This payoff arises if subject i expects all other group members
to contribute the same amount he does. Figure 3.1a shows the effect of varying expected
contribution costs with a fixed expected benefit. For instance, a zero contribution
boundary solution results under the C? cost function. A full contribution boundary
solution results when costs are relatively low, as depicted by cost function C]. Figure

McCabe and Smith (1999) point out that a, can often be thought of as a measure of "goodwill"
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3.1b shows the effect of varying expected benefits, holding the cost function fixed. Note
that contributions are lowest when a, is lowest. It follows that people free-ride for any
of two reasons. First, they may find the subjective cost of contributing too high, which is
consistent with the standard maximizing calculus, requiring no expectations about others'
behavior. Second, they have a small value for

(or,,).

The latter implies that the person

expects few contributions to the public good by others.
According to the Goodwill Accounting theory, any changes in an individual's
public contributions over time are exclusively caused by changes in a . Such changes are
due to modifications in an individual's perceptions about his group. Specifically, since
subjects only observe total contributions G„, from which they can infer G.„ =
is natural to assume that subjects update a so that

or,

-g„, it

< a„ when the aggregate

contribution of other group members, G.„ is sufficiently low, and that a,

> a^, when

this net group contribution is sufficiently high. In particular, suppose that the law of
motion for

ar„

or,,

is

given

where A,. (•) is strictly increasing and takes both positive and negative values. The initial
value On is assumed to depend on a subject's prior beliefs about the likelihood of other
subjects contributing to the public good.

that an individual has towards the group.
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Our hypotheses are derived from the special case of the goodwill accounting
model that arises by making the following three assumptions:

Al. Within any MPCR r, the endowments u , benefit functions B' (•) and P' (•)and cost
function C (.) are the same for all subjects. However, individuals evaluate payoffs
according to their own or, and one of t\vo updating rules, A/'' (.) or X2 (.) where Xir < X2 ^
everywhere along their common domains.

A2. For each MPCR r there exists some or'such that if ai< athen subject / uses
updating rule A/ (.) and otherwise he uses updating rule A / .

A3.

(.) and

(.) are the same for each r while C' (.)< C' (.) whenever r/ < rj.

Assumption Al states that, within any MPCR condition, heterogeneity in
contributions is entirely due to heterogeneity in a across subjects. Assumption A2 says
that subjects with sufficiently pessimistic prior beliefs will update these beliefs more
slowly than those who are sufficiently optimistic. Assumption A3 is that the higher the
MPCR, the lower the subjective costs an individual assigns to contributing.
These three assumptions are sufficient to generate several testable implications.
The five hypotheses that our experiment was designed to test are as follows:
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Hypothesis 1: All else equal and in every round, aggregate contributions to the public
account will not decrease when the MPCR is increased.

Hypothesis 1 follows from the fact that a higher MPCR makes contributions to the public
account less costly.

Hypothesis 2. Within any MPCR r, subjects who contribute less than an amount
V' 6 (0,100) in the first round of the experiment will follow a systematically different
contribution decision nde than subjects who contribute more than this amount in the first
round of the experiment.

Hypothesis 2 is the foundation of our procedure to classify subjects as either "free-riders"
or "cooperators." It follows directly from A2, the assumption that within any given
MPCR level, subjects vary only in a, , and the result that contributions are monotonically
increasing in

or,.

The important and testable assertion made by this hypothesis is that

individuals can be "typed" based on their initial contribution to the public account (note
that the cutoff value V' is not pinned do\vn by the theory; a point we address in section 4.
A "free-rider" is someone who contributes a relatively small amount in the first period,

More formally, first note that the boundary conditions imply the weak inequality. For interior
solutions, first order conditions imply Pi(aiO r (n-l) = [l-r]Ci'([l-r]git)- Since Q is convex, Cj'and
C" are positive, and Q' has an inverse, call it Dj, such that Di' is positive. This allows us to solve
for git*(r) = Di([Pi(aiJ r (n-l)]/[l-r])/[l-r]. Since 0<r<l and Di' is positive, d gj}*(r') > 0.
dr
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and a "cooperator" is someone who contributes a relatively large amount. The nature of
the difference that we expect between free-riders' and cooperators' decision rules is
clarified by the next hypothesis.

Hypothesis 3. Let //,.

j denote the period r history for subject i (the net

group contribution i has observed in each period up to period T ). If subject "c " is a
cooperator and subject "f is a free-rider, and if

, then the cooperator will

contribute at least as much to the public good in period r as the free-rider will.

Hypothesis 3 states that if, in every round up to r, a cooperator observes a net group
contribution that is at least as large as the net group contribution a free-rider observes,
then the cooperator's contribution to the public good at r will not be smaller than the
free-rider's. This hypothesis follows from the assumed properties on the a -updating
rules A( ).

Hypothesis 4. An individual's public contribution in period t is weakly increasing in the
net contribution of his group in period t-1.

Hypothesis 4 is obtained by observing that u -updating rules are assumed to be weakly
increasing in the net group contribution G .u, and that an individual's public contribution
is (weakly) increasing in his a. Note that this hypothesis does not make ^y claims about
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the relationship between a subject's pubhc contributions in adjacent periods. A subject's
contribution may rise, fall, or stay the same between adjacent periods and still be
consistent with hypothesis 4. Taken together. Hypotheses 3 and 4 indicate that whether a
subject has interacted with cooperators or free-riders in previous rounds should affect
their current public contribution decisions. This is made clear by our final hypothesis.

Hypothesis 5. L e t

( / ,y, k, I) denote a group at round T made up of subjects i, j, k and

I. Suppose for some cooperator and free-rider

Then

0. j ,k , / ) ] , a n d s i m i l a r l y f o r s u b j e c t s j a n d k .
Hypothesis 5 says that a subject who is grouped with a free-rider in round r will not
contribute more to the public good in round r +1 than he would if that free-rider had
been replaced by a cooperator with at least as good a history, while holding the other
members of the group fixed.
3. Method
Our experiments were conducted at the Economic Science Laboratory at the
University of Arizona. Subjects were undergraduates at the University of Arizona and
were recruited from the general student population. A total of 264 subjects, twelve per
session, participated. Each subject was seated at a private computer terminal, visually
separated firom others by blinders, and paid privately at the end of the experiment.
Subjects made decisions in a standard, ten round VCM. They were told that
during each round their group would consist of four people. At the beginning of each
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round, each subject was given one hundred tokens and was asked to allocate her
endowment between two accounts: a private account which returned one cent per token
to her alone, and a group account which returned cents at the specified MPCR to
everyone in her group including herself. For example, when the MPCR was 0.5, each
token contributed to the public account returned O.S cents to each person in the group.
After all twelve subjects had made their contribution decisions, they were separated into
three groups of four. Each subject's earnings were calculated based on the group to which
she had been assigned. Finally, subjects were given time to review their earnings. A new
period began when all subjects had indicated that they were ready.
Table 3.1 summarizes our experimental design. The design's main feature is the
grouping of subjects according to two different rules. The two group assignment rules
were crossed with three MPCR levels, r=0.30, r=0.50 and r=0.75. In the baseline
conditions subjects were assigned to groups at random. At each round, each subject had
an equal chance of being grouped with any three other subjects. In our treatment
conditions we used a "sorting" rule. We placed the four highest investors in the public
account into a one group, the fifth through the eighth highest investors into another group
and the four lowest investors in the public account into a third group.'° Subjects were
given very limited information about the nature of the assignment rule. The exact
instructions they received are reported in Appendix B. The only information the
instructions contain about the group assignment rule is: "..., once everyone has submitted

™ Ties were broken using randoniization. For example, if five subjects in the sorted condition
contributed 100, then each of the five unique ways of forming a group of four subjects is equally
likely to become the high group.
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his or her investment decision, you will be assigned to a group with four members
(including yourself). Your total group investment will then be determined and your
experimental earnings calculated."
The main reason for not telling subjects the assignment rule was the concern that
differences in strategic behavior generated by their knowledge of the grouping rule might
confound reciprocity effects. For example, a cooperator in the sorted condition who
knows the assignment rule and contributes a relatively large amount may be doing so for
two reasons. She may contribute because she is not meeting free-riders as frequently as
she would in the random condition, or she may simply want to be part of the "top"
group. There seems to be no easy way to disentangle these two motives. We chose to
circumvent this potential problem by keeping subjects ignorant about the group
assignment rule.^'
Several additional aspects of our design deserve comment. First, note that the
sorted group assignment rule depends only on the subjects' current contributions. In
particular, when forming groups, we did not use information on whether a subject had
been classified as a free-rider or a cooperator. The reason is that the proportion of freeriders and cooperators need not easily accommodate three groups of four individuals.
Since our goal was only to reduce the frequency with which free-riders and cooperators
meet, our procedure is superior to the alternative of employing a large number of ad-hoc
assigimient rules to handle various type-contribution combinations.

This leaves us in the position of not knowing exactly how subjects perceived the assignment
rule. Similar issues arise to some extent in most economics experiments.
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A second important feature of our design is that, aUhough subjects under different
grouping rules did experience different feedback, the VCM's rules, particularly their
payoff structure, are identical in all experimental sessions. Any learning about incentives
should therefore occur in about the same way in all treatments. It is important to
emphasize that there is no reason to suspect that subjects in the sorted treatments knew
they were being matched with like-contributors. In principle, of course, a clever subject
in the sorted condition could discover something about the grouping rule through
systematic experimentation. However, the incentives to experiment were reduced by the
fact that all subjects knew that play was limited to ten rounds.
A final point to note about our design is that in the first round subjects in both
grouping conditions were in identical situations. Hypothesis 2 states that a subject's
initial contribution reveals whether he is a cooperator or a free-rider. Since subjects'
situations were identical in the first round, it is reasonable to draw between-condition
comparisons in the contributions of subjects of the same type.

4. Results
The analysis of our experimental data proceeds as follows. We test hypothesis 1
by comparing aggregate contributions between MPCR conditions. Hypotheses 2 and 3
are tested jointly by first specifying a critical value V' and then comparing the
contributions of the resulting firee-riders and cooperators within the random condition.
We use the random condition because under this condition cooperators and firee-riders
observe very similar net group contribution histories. Hence, any systematic differences
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in their contribution behavior in the random condition is evidence of them using different
decision rules. We examine whether any systematic differences found are consistent with
hypothesis 3. We test hypothesis 4 by estimating the importance of previous net group
contributions to individuals' decision rules. Hypothesis 5 is tested by comparing
contributions between the random and sorted conditions. The sorted condition effectively
replaces some of the free-riders that cooperators encounter in the random condition with
other cooperators that have, on average, better contribution histories than the free-riders
they replace. Hence, hypothesis 5 suggests that cooperators' average contributions
should not be smaller in the sorted condition than in the random condition. It also
implies that cooperator contributions should not decay more rapidly in the sorted than in
the random condition.'"
Figure 3.2 plots the mean contribution to the public account per period, for each
cell of our design. The results from the random treatments are consistent with common
findings in the public goods literature. In both the 0.75 and 0.50 MPCR conditions,
cooperation in the random treatment seems higher than is plausibly consistent with freerider theories. When the MPCR is 0.3, cooperation in the random treatment decays very
quickly from initial period average contributions of 40 tokens out of 100 to less than ten
by period seven, and nearly to zero in the last t\vo rounds. Like Isaac and Walker (1988)
and others, we find that when the MPCR is higher, the rate of cooperative decay is slower

^ All of our hypotheses are tested by examining average play. The reason is that even if the
theory is correct and all subjects are classified conrectly it is still likely that subjects make
decisions with errors. As long as these errors are independent across subjects and rounds it is
appropriate to assess the theory by examining means.
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and, in support of hypothesis 1, contributions to the public account are greater.'^ Figure
3.2 also shows that within the same MPCR level aggregate contributions in the sorted
condition always exceed those in the random condition. Moreover, the decay in
contributions is slower in the sorted condition. When the MPCR is 0.3, contributions in
the sorted condition begin at about 45 and decay only to 26, but in the two higher MPCR
conditions within the sorted treatments there is little evidence of any aggregate decay.
The remainder of our analysis proceeds as follows. First, following hypothesis 2,
we label each subject as either a free-rider or a cooperator based on his first-round
contribution to the public account. We then provide statistical evidence that supports this
classification procedure. Finally, we analyze the effects that free-riders have on
cooperators' public contributions.
Classifvins Free-Riders and Coooerators
According to hypothesis 2, a subject's first-round contribution to the public good
reveals whether she is a free-rider or a cooperator. In particular, a subject who
contributes below a specific cutoff value V', which may depend on the MPCR, is a freerider. Anyone whose contribution exceeds V' is a cooperator. Unfortimately, the
particular value of each V' is not pinned down by the theory. Consequently, a certain
degree of arbitrariness is unavoidable in our classification procedure. For each MPCR,

^ All references to hypotheses refer to those discussed in Section 2 of this paper.

103

we chose to classify subjects who contributed 0-30 (out of 100) tokens to the public
74

account in the first round as free-riders and all other subjects as cooperators.

Hypothesis 2 states that firee-riders will contribute systematically differently from
cooperators. Hypothesis 3 elaborates on Hypothesis 2 by saying that a free-rider will
contribute less than a cooperator with the same group contribution history. In the random
condition free-rider and cooperator group contribution histories, net of own contribution,
should be very similar, whatever the MPCR level. Table 3.2 shows this to be the case . It
shows mean net group contributions per round for each cell of our design and for both
types of subjects.'^ Figure 3.3, which plots, for each cell, the mean contributions per
round of both free-riders and cooperators, shows that in every round and under every
MPCR in the random condition cooperators contribute on average more than free-riders
do. In the lower MPCR condition (r=0.3) all of the contributions collapse to zero. This
masks any differences in the propensities to contribute, although we can reject at standard
significance levels, for all rounds, the hypothesis that the median of the free-riders'
contribution distribution exceeds the median of the cooperators' contribution distribution.
On the other hand, when the MPCR is 0.5 the difference in contributions is statistically
significant at standard significance levels in all rounds. When the MPCR is 0.75 the
difference is significant in all rounds but one.'®

" Isaac and Walker (1988), also using an arbitrary cutoff point, labeled subjects who contributed
less than 1/3 of their tokens as "strong free-riders."
Assessing the significance of the difference is cumbersome since the net group contribution
series are not independent, and seems unnecessary since the design implies that differences in the
series are primarily due to randomness.
We tested the Hypothesis that, within each round, the medians of the free-rider and cooperator
contribution distributions are the same against the alternative that the median of the cooperator
distributions are higher using nonparametric Jonckheere (1954) tests. When the MPCR is 0.5 we
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Table 3.2 also shows that in the sorted condition cooperator histories are better,
on average, than free-rider histories. Hypothesis 3 states that under the sorted condition,
free-riders will not contribute more than cooperators. This is supported by the graphs in
the right half of Figure 3.3. We reject at standard significance levels in all rounds and
MPCR conditions the hypothesis that the median of the free-rider's contribution
distribution exceeds the median of the cooperators' contribution distribution.^' All of this
is evidence in favor of hypotheses 2 and 3, and therefore supports our classification
procedure.
A second way to assess the validity of our classification procedure is to estimate
and compare decision rules used by cooperators and free-riders. We investigate whether,
as the theory suggests, cooperators within an MPCR but in different conditions (random
or sorted) use similar decision rules, whether free-riders within an MPCR but in different
conditions use similar decision rules, and whether the cooperator and free-rider decision
rules are significantly different.
The arguments to include in the subjects' decision rules are implied by the model
of goodwill accounting. The same state-variables should enter both the cooperator and
free-rider decision rules, and should include the MPCR (from hypothesis 1), the lagged
net group contribution (from hypothesis 4), and previous individual contributions (since
expectations about others' contributions are individual specific and persistent). In

find in favor of the alternative at the 1% significance level in all of the rounds. When the MPCR
is 0.75 we find in favor of the alternative at the 1% level except in rounds six and nine, and round
in round nine the difference is significant at the 5% level.
" Jonckheere tests of the null Hypothesis that the medians are the same against the alternative
that free-riders have a higher median reject the alternative in all cases at the 10% level. Tests
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addition, it is reasonable to include the round number in order to capture any temporal
effects not accounted for by other terms, such as learning about incentives.
We assume that decision rules can be accurately represented by a model that
includes the following regressors: an intercept, a dummy for the 0.5 and 0.75 MPCR
conditions, an indicator for the round, the one-period lagged individual contribution and
its square, the one-period lagged contribution of the group to which the subject was
assigned (net of the subject's own contribution) and its square, and the interaction of the
lagged individual and group contribution. The squared and interaction terms are included
to capture nonlinearities in the decision rule. We account for the restriction that
contributions must lie between 0 and 100, and that there are a substantial number of
contributions at both boundaries, by estimating a Tobit specification. That is, we assume
that the decision rule that determines the contribution made by subject n at round t
depends on her type, denoted by "a" and representing either cooperator or free-rider, the
vector of state-variables X„, and an idiosyncratic component

according to

x»A+s».ifK,A+£™,e[o,ioo].
^nal

0

ifxLA+«-<o.

100

ifX'.,/J,+£„,>100.

"

is the contribution assuming the type is "a", Pa is a type-dependent vector of
regressor coefficients, and a] is the variance of the appropriate idiosyncratic component.

against the altemative that the cooperator distribution is higher accept the alternative at the 1%
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Under regularity conditions, the parameter estimates obtained by maximizing the loglikeUhood implied by (2) are known to be consistent and as>Tnptoiically normally
distributed (see for example Amemiya, 1985).
We estimated (2), under the regressor structure described above, separately for
cooperators and free-riders and taking the first-round obser\ ations as given. There
remained 1683 observations on cooperators and 693 for free-riders. There were 197 and
255 zero contributions by cooperators and free-riders, respectively, while the counts for
full contributions (100 tokens) were 364 and 30, respectively.
Table 3.3 provides point estimates, in tokens, for the cooperator and free-rider
decision rules. The estimates are consistent with the hypothesis that cooperators and
free-riders follow statistically significantly different decision rules. ^ Moreover,
cooperators in the random and sorted conditions follow decision rules that are statistically
indistinguishable, and similarly among free-riders.^^ These results suggest that, within
MPCR conditions, contributions within types differ across sorting rules only because the
values of the state-variables they use for their decision rules differ.

level except in rounds 4 through 10 when the MPCR is 0.5.
™ An F-test of the Hypothesis that the coefficients of the two decision rules are all the same is
rejected at the 1% significance level.
" To test the similarity of decision rules across the random and sorted treatments we estimated
(2) under a regressor structure that interacted a dummy that took the value one in the sorted
condition with the round, the lagged individual and group contributions and their square and
interaction. Evidence in favor of similar decision rules is found if the coefficients of these six
terms are jointly statistically insignificant. For cooperators, the terms are jointly insignificant at
the 1% significance level (F(6,1669)=2.10). For free-riders, although the six terms are jointly
significant at the 1% level (F(6,679)=4.62), five of the six terms are jointly insignificant at the 1%
significance level (F(5,679)=2.35) and the remaining term, the interaction of the sorted condition
with lagged individual contributions, is individually insignificant at the 5% level. Hence, in both
cases the balance of the evidence supports the Hypothesis that the decision rules are the same in
the random and sorted conditions.
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As reported in Table 3.3, we find that for free-riders the MPCR effect is very
small and statistically insignificant. For cooperators the effect is larger and significant,
and shows the expected ordering consistent with hypothesis 1. The magnitude of the
round effect is very small for both free-riders and cooperators. Note that the estimated
decision rules are evidence in favor of hypothesis 4, as they are strictly increasing in the
lagged, net group contribution for all values of that contribution beUveen zero and 100.
This indicates that both free-riders and cooperators reciprocate previous net group
contributions to the public good.
Cooperators' Public Contributions
Figure 3.3 shows free-riders' and cooperators' average public good contributions
per cell and per round. In the random condition there is evident decay at each MPCR,
although this decay appears to slow as the MPCR increases. In all cells of the random
condition, most of the overall decrease in contributions between the first and last rounds
is due to decay in cooperator contributions. Within each MPCR, cooperators'
contributions in the sorted condition exceed cooperator contributions in the random
conditions no later than the fourth round, and continue to do so until round 10.
Nonparametric Jonckheere (1954) tests show that the distribution of cooperators'
contributions in the sorted condition has a significantly (p <= 0.05) higher median per
round than in the random condition, firom rounds five through ten when the MPCR is 0.3
and 0.5, and fi-om rounds five through nine when the MPCR is 0.75,

In the first few rounds within each MPCR we cannot reject the Hypothesis that the contribution
distributions are the same in both the random and sorted conditions.
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Table 3.2 also shows average histories for cooperators in each experimental
condition. Within each MPCR of the soned condition cooperators' net group contribution
distributions are significantly higher than under the random condition in almost every
Q1

round.

Table 3.4 provides evidence that the improved histories have as their source a

reduction in the frequency of encounters with free-riders. The average number of freeriders that each cooperator met per round varied from a high of 1.71 in the random,
lowest MPCR condition to a low 0.40 in the highest MPCR, sorted treatment. Hence, the
sorted condition gave cooperators better net group contribution histories by reducing their
encounters with free-riders and, in support of h\potheses 4 and 5, this seems to be the
source of their relatively higher public contributions under this condition.
Given this, hypothesis 5 suggests that decay in public contributions will be
smaller in the sorted conditions. One reasonable measure of contribution decay is the
difference between average contributions in the first round and average contributions in
the last round. By this measure, it is clear from Figure 3.3 that aggregate decay in the
random conditions is due almost entirely to decay in cooperators' contributions and that
this decay is very small in the two higher MPCR conditions (0.50 and 0.75) of the sorted
treatments.
Figure 3.4 plots the relationship between the rate of decay in cooperators'
contributions and the frequency of their encounters with free-riders. Decay is measured
as the difference between initial and final average public contributions. The vertical axis

" Jonckheere tests find that the median of the distribution in the sorted treatments is significantly
higher at the 5% level except in round four when the MPCR is 0.3, rounds one and two when the
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in Figure 3.4 shows decay, the horizontal axis the per-round frequency of encountering a
free-rider. The pattern suggests that as the frequency of encounters with free-riders
increases, the rate at which cooperators' public contributions decay also tends to increase.
This provides support for hypothesis 5 which states that, all else equal, replacing a
group's free-riders with cooperators will lead the group's remaining members to
contribute more in subsequent rounds.
Figure 3.4 shows that when the MPCR is 0.5 and subjects are sorted according to
their contributions, decay in cooperators' contributions is smaller than might be expected,
given the frequency of encounters between cooperators and free-riders. This is also the
only case in which free-rider contributions are significantly higher in the sorted than in
the random treatment.®" The results from this condition can be viewed as further support
of hypothesis 4, which suggests that increasing free-riders' contributions, which improves
net group contributions, should lead cooperators to reduce their contributions more
slowly.
Although our primary interest is in cooperators' public contributions, it is
worthwhile to comment briefly on free-riders' contributions. Within each MPCR freeriders meet each other more frequently in the sorted treatments.

Figure 3.3 shows that

this depresses free-rider contributions, in relation to the random treatment, within the 0.3

MPCR is 0.5 and rounds one, two, three and ten when the MPCR is 0.75, where we cannot reject
the Hypothesis that the medians are the same.
Based on Jonckheere tests, the medians of the free-riders' contribution distributions are
indistinguishable in every round when the MPCR is 0.3, but are higher at the 5% significance
level in the sorted condition in rounds five, seven, nine and ten when the MPCR is 0.5, and are
higher in the random condition at the 5% significance level in rounds three, five, six, nine and ten
when the MPCR is 0.75.
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and 0.75 MPCR conditions, although, as noted, this does not occur when the MPCR is
0.5.
Efficiencies of Payoffs
Our discussion has focused on how separating free-riders from cooperators affects
the latter's contribution decisions. It is clear from Figure 3.3 that sorting in high MPCR
environments increased the public contributions of cooperators less than sorting in lower
MPCR environments. This does imply that the benefit of sorting, in terms of increased
payoffs, is higher within lower MPCR environments. The reason is that when the MPCR
is low the efficient payoff, defined as the payoff everyone receives when everybody
contributes all tokens to the public good, is not very different from the payoff obtained
when ever\ body contributes nothing.
Figure 3.5 plots average payoffs for free-riders and cooperators in each
experimental condition, as a fraction of the efficient payoff. In our experiments
cooperators' relative payoff efficiencies increased more when the MPCR was higher,
while the efficiencies of free-rider payoffs declined more. The average free-rider payoff
in the first round of the random condition when the MPCR is 0.3 is larger than the
efficient payoff. The reason is that, for example, if a zero-contributor is matched with
three lOO-contributers when the MPCR is 0.3 then the zero-contributor receives a payoff
of 190.

" The frequencies are, in order of increasing MPCR, 1.2,0.4 and 0.5 and 1.8, 2.2, and 2.3 in the
random and sorted conditions, respectively.
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5. Conclusion
This paper analyzed data from a series of VCM experiments designed to
investigate how private contributions to public goods are affected by separating
individuals with higher and lower propensities to contribute. Our study was organized by
the theory of Goodwill Accounting (McCabe and Smith,1999), a theory of self-interested
reciprocity based on reputational scoring. The theory is consistent with the results of
many previous VCM experiments, and several hypotheses it suggests are supported by
the results of this paper.
Our study proceeded by first classifying subjects as either free-riders or
cooperators. We then compared contributions across experimental conditions that
differed only in the frequency with which free-riders and cooperators interacted. The
results of our analysis provided the first direct evidence of the effects of separating freeriders from cooperators in multi-round public goods games.
In the random assignment condition, where cooperators and free-riders interacted
frequently, we found characteristic decay in aggregate contributions to the public good.
Almost all of this decay can be attributed to decay in cooperators' contributions. In the
sorted treatments, where cooperators meet free-riders less often, we found much slower
rates of decay. In fact, by sufficiently reducing cooperators' interactions with free-riders
we found that, at least when the MPCR is not too low, cooperators' public contributions
were sustained.
Our laboratory results lend support and additional explanation for Elinor Ostrom's
(1990,1992) field observations on sustainable commons systems. From her observations
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she derives eight design principles for long-enduring, self-organized commons systems.
One of these is the Minimal Recognition of Rights to Organize. This paper's findings are
consistent with the view that commons systems are more likely to be enduring if
cooperators are given a right to organize in an effort to limit their encounters with freeriders.
Our design and analysis rested on a number of restrictive conditions that future
research might relax. One important restriction useful for our purposes was that subjects
were not told about the sorting mechanism. In many actual situations, however, people
will know when exclusion restrictions are enforced and this may change their behavior.
A second restriction was that the number of subjects in each group was always four,
which means that our research has not addressed potentially interesting group size
effects.
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CHAPTER 4
INTERGROUP COMPETITION WITH PROBABILISTIC PRIZE SHARING
RULE AS A MECHANISM FOR REDUCING FREE-RIDING

1. Introduction
tVhy study multi-level games?
Whether the focus of study has been theoretical or empirical, games have
traditionally been studied in isolation. For example, bargainers seem to interact without
constituents. The criminals in the two-person Prisoner's Dilemma game are not part of a
criminal network. Groups facing a social dilemma situation appear to exist outside social
context. Stripping players of wider social context facilitates the analysis of the game but
at the same time reduces a model's realism and possibly the ecological validity of any
conclusions drawn from it. Admittedly, it is assumed that payoffs in single-level games
include payoffs achieved via a larger social context. However, structural information
crucial to equilibrium analysis may be lost if the corresponding real-world interaction has
multiple levels. Inappropriate reduction of a multi-level interaction to a single level can
affect a model's realism in two different ways.
First, a player such as a group, organization, or even nation may mistakenly be
modeled as a unitary actor. Tliis ignores the internal decision making process. In reality,
such decision making bodies consist of sub-groups or individuals whose interests rarely
coincide completely. If this is the case, then lower-level games will be carried within
such a supposedly imitary player. Ultimately the outcome of any higher-level interaction
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between such players depends on the decisions of the individuals or subgroups of which
they consist. For example, the outcome of a game between governments, such as the
Cuban missile crisis, is affected by lower-level games played by factions within a
government (Allison, 1971).
Second, if a game is reduced to a single level the structure of an individual
player's decision making environment might not be properly modeled. For example,
individuals facing a social dilemma situation in their group most often also observe their
group interact and compete with other groups.

Within his group, a member can often

outperform others by free-riding. Ultimately, however, members are jointly successful
only to the degree to which they can unite in mastering their environment (Humphrey,
1976). In a between-group conflict, then, a rational self-interested individual wishes to
win and at the same time hopes that it will be others in his group who actually take up the
battle with the outgroup (De Dreu, 1997, p. 5). The exact nature of higher-level conflict
between groups determines the incentives individual group members have for
cooperating. For example, a rational soldier's readiness to risk his life in a battle is
probably affected by his share in the war loot and the probability of victory.
The seneralitv of multi-level interaction. There have been few models of withingroup interaction embedded in between-group interaction. However, the diversity of the
situations modeled reflects the ubiquity of such settings. Such nested models have been
developed for military alliances (Orson & Zeckhauser, 1966), national politics embedded

" Between-group interaction must logically involve some conflict of interest. If groups' interests
coincided perfectly, they should act as one. In the absence of both conflict of interest and
coinciding interest groups made up of rational actors have no reason to interact.
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in international diplomacy (Putnam, 1988), party coalitions (Tsebelis, 1988), voting
(Palfrey & Rosenthal, 1983), R&D Alliances, (Amaldoss, Meyer, Raju & Rapoport,
2000), the effect of market competition on managerial incentives (Horn, Lang &
Lundgren, 1995), and employee incentive schemes (Nalbantian & Schotter, 1997).
Psvcholoeical aspects of eroup conflict
For about four decades experimental social psychologists from different schools
have studied the effect of grouping and group conflict on group members' behavior.
Various theoretical paradigms have emerged. Findings are often complementary, but at
times findings conflict or parallel each other.
The minimal eroiw paradism. Ad-hoc categorization into groups alone is
sufficient to generate in-group cohesion. In order to create in-group favoritism, group
members need not interact and even less cooperate and their material self-interest need
not be at stake (Tajfel, Flament, Billig & Bundy, 1971; Tajfel, 1970). For example, Tajfel
et al. (1971) arbitrarily assigned children to groups. The children did not know the
identities of any of the other participants. When allocating money to others, subjects
allocated more to members of their own group. This finding has since been repeated
many times, both with children and adults (Brewer &. Brown, 1998).

Interestingly, intergroup competition models of the workplace come from researchers outside
Management. Management researchers have mainly focused on vertical, rather than horizontal
relationships. In the few instances in which conflict of interest within organizations has been
examined it has been treated as undesirable due to its uncontrollable consequences (De Dreu,
1997 pp. 9-37; e.g., Bloch, 1988).
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Interdependent outcomes or common fate. According to Rabbie and his
collaborators, if group members' share a common fate®^—for example jointly winning or
losing a game of chance- it leads to in-group favoritism in addition to what is due to
mere categorization®' (Rabbie & Horwitz, 1969). According to this view, the
interdependence of group members' outcomes®® is the cause of in-group bias and hostility
versus the outgroup frequently observed in intergroup conflict (Rabbie, Schot & Visser,
1989; Rabbie & Wilkens, 1971). Intergroup conflict per se does not enhance in-group
cohesion. It only appears to have an effect because the outgroup's behavior affects
common fate (Rabbie, 1982).
Behavioral interaction model. In further support of this assertion, Rabbie and his
collaborators (Rabbie, 1998) have found that groups behave competitively when they
expect that their opponent group will also behave this way. If groups expect mutually
beneficial cooperation, they are more cooperative than individuals in the same setting.
According to this view, expectations and cognitions rather than affect determine the
behavior of individuals involved in intergroup interaction.
Social identity theory. On the other hand, Tajfel (1982) suggests that in-group
cohesion may be due to a desire for self-esteem and subsequent social comparison.

" See Campbell (1958) for a discussion of the comparable role of similarity and common fate in
establishing in-group bias.
In the control condition, groups were only classified without sharing a common fate.
In their experimental manipulations and subsequent interpretation of their effects. Rabbie and
his collaborators define the terms "common fate" and "interdependent outcomes" very broadly
and use them interchangeably. The terms cover situations in which group members jointly win or
lose, say, a game of chance (e.g. Rabbie & Horwitz, 1969), as well as teamwork (e.g. Rabbie &
Wilkens, 1971). In my \'iew, only in the latter case there is true interdependence between group
members in the sense that they affect each others' outcomes. Moreover, winning or losing a such
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People stri\ e for a positive self-concept. Group membership is part of this sense of
identity. Therefore, people compare the group to which they belong to other groups. If a
group is perceived as successful, its member "can bask in its reflected glory" (Brown,
1988). For this reason group members may care for their group having an advantage
even if it seems irrational. For example, members of labor groups declared that they
would accept a real-wage reduction if it would increase their wage differential toward a
comparison group (Brown, 1978). Striving for a superior social identity thus creates real
conflict of interest between groups (Tajfel (1982)—a factor that has also been the focus
of real-conflict theorists.
Real conflict theory. Real conflict theory posits that conflict of interest creates ingroup favoritism and hostility toward a competing out group. The conflict may be
materially based, symbolic (e.g., higher status or winning a game), and even imagined
(Brewer & Brown, 1998).
The most frequently cited study in support of the role of real conflict in
determining interaction between groups is Sherifs (1966) summer camp study.
Participants were boys around twelve years of age. Their interest in their group winning
was material -each member of the winning group was given a coveted pen knife, as well
as symbolic —a cup for the winners. The field study extended over several weeks during
which the structure of the competing groups remained unchanged. Hostilities escalated.
Replications have since corroborated Sherifs findings that conflict of interest between

game of chance against another group (e.g. Rabbie & Horwitz, 1969) introduces more than
common fate. It introduces real conflict of interest as only one group can win.
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groups enhances in-group cohesiveness and escalates hostilities between groups (See for
example, Diab, 1970).
Summary. Findings from within the minimal group paradigm indicate an
automatic competitive response to grouping. This might explain why groups are usually
more competitive than individuals under similar circumstances (Schopler & Insko, 1992).
In-group cohesiveness may also be due to a desire to enhance self-esteem via the
reputation of the group to which one belongs, as suggested by self-identity theory. The
degree of in-group cohesion and between-group competitiveness should then be related to
the weight that individuals give to their membership in a specific group. Such betweengroup competitiveness need not be irrational. A group's reputation or relative standing is
a public good, which all members of a successful group jointly enjoy. Whether
contribution to such a public good is irrational depends on players' marginal valuations
of the public good. Some may dismiss such a desire for enlianced group identity as
"basking in reflected glory" (Brown, 1988), but such differential reputation may have real
value if it can be cashed in, for example, for increased respect and favors, or for
membership in an exclusive club. Further, if there is a direct material conflict be^veen
groups, group members can be expected to respond to such obvious incentives as well.
There has been little effort among social psychologists to coordinate research on
"groupish" behavior and to competitively test the various theories. This makes it hard to
compare and evaluate results. See Rabbie (1998) for an insider's discussion of the
problems stemming from this. It would be helpful to examine the relative contributions
and possible interaction of the various factors shown to enhance group cohesiveness in
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order to create a more coherent body of knowledge about behavior in groups and group
competition. An initial and rather simple step would be to separate the effect of material
incentives from non-material motives for "groupishness". Few researchers today adhere
to a simplistic model of a homo economiciis who only has short-term material gain at
heart. It is nonetheless clear that people are responsive to material incentives such as
money. Applying Ockham's razor, there is no a priori reason to invoke hitherto little
understood psychological motives for intergroup competitiveness that a simple model of
narrow material self interest can account for.
Incentives
In the linear voluntary contribution mechanism (VCM) discussed in Chapter 1
(Section 3.C), the group exists in isolation. Parameters are usually set so that it is each
group member's dominant strategy®' to contribute nothing to the public good and to free
ride off others' contributions instead. Full contribution by all, however, would lead to the
greatest joint welfare'®. If, however, between-group competition is added to this picture,
the incentive structure changes and group members may actually have an incentive to
cooperate.
Theoretical work about the incentives of members of competing groups originates
with the rent-seeking" literature initiated by Tullock (1967). Early rent-seeking models
were restricted to individuals competing for a prize, and therefore to one level of
interaction only. In Tullock's (1980) original model, rent seeking may be compared to

The strategy that is always optimal no matter what other players do.
See Chapter 1, Section 3.C for an in-depth overview of the incentive structure in a VCM.
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buying up tickets in order to win the lottery. There is uncertainty about the winner. The
greater a rent-seeker's expense compared to her competitors, the greater her probability
of winning a fixed prize (rent).
Rent-seeking is collectively wasteful. If rent-seekers could collude not to seek
rent, they would maintain their initial winning probabilities while keeping their
resources.^" However, until equilibrium is reached rent-seekers face a social dilemma.
Each has an incentive to outspend others as this increases her marginal expected earnings
by more than the corresponding marginal cost (Tullock, 1980)'^.
Nitzan (1991a) expanded Tullock's (1980) probabilistic rent-seeking game to two
levels assuming that rent-seekers act in groups. If groups compete for a rent then
individual equilibrium outlays are generally lower than if individuals compete because
group members have an incentive to free-ride off each other. This incentive is greatest if
the contested rent is a public good that all group members equally enjoy (Nitzan, 1994).
If the rent is a private good that is divided among members of the winning group,
individuals' Nash equilibrium expenses depend on the rule according to which the rent is
divided. Nitzan (1991a, 1991b) focuses on two sharing rules: the proportional rule "to
each [in proportion to] his relative effort" [in obtaining the rent] and the egalitarian rule
"to each equally". If the prize is divided equally then it has public-good characteristics
because group members share in it independently of their respective contributions. For

" Rent-seeking refers to the ".. .resource-wasting activities of individuals in seeking transfers of
wealth through the aegis of he state." (Buchanan, Tollison & Tullock, 1980, p. EX).
For example, if two symmetric players refrain from spending, each still gets the rent with a
probability of 0.5, but with no rent-seeking cost reducing this expected benefit.

121

this reason, equilibrium contributions are higher under the proportional rule than under
the egalitarian rule (Nitzan, 1991a).
In Nitzan's (1991a, 1991b) rent-seeking model, individuals' outlays benefit their
own group but rent-seeking outlays remain wasteful from the joint viewpoint of all
players. Hausken (1995a) presents a slightly different model of a two-level interaction in
which intergroup competition not only helps solve the social dilemma within a group but
also increases overall efficiency. First, each group faces a regular public goods situation
among its members. Second, as in Nitzan's model, groups compete for a fixed privategood prize. The public good created within a group serves as input into that competition;
the more cooperative group gets the prize with certainty and its members share in the
prize equally. If the parameters fulfill certain conditions, full cooperation within groups is
the dominant strategy'^.
The effect of prize sharing rules on equilibrium contributions under probabilistic prize
assienment with continuous stratesv space
Studying social dilemmas in the context of higher-level intergroup interaction
adds realism to a model. Realism is further enhanced if the winning group is determined
probabilistically rather than deterministically. In the real world effort is usually not
deterministically linked to a specific result. For example, if a construction firm pressures

The amoimt jointly spent in a rent-seeking equilibrium depends on the number of
players.
'•* The proportional rule generates additional incentives to seek rent that exactly counterbalance
the free-riding incentives generated by the group setting. Total equilibrium rent-seeking outlays
under the proportional rule equal the level of Tullock's (1980) original rent-seeking contest for
individuals.
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a government official for a contract their rent-seeking merely makes a contract more
likely. This fact was recognized in Tullock's (1967) first rent-seeking model, which
already involved probabilistic prize assignment.
In a regular VCM, payoffs are a linear function of all members' contributions and
depending on parameters the dominant strategy is either non-contribution or full
contribution. However, if there is intergroup competition and the amount of contributions
generated by a group affects its probability of winning a prize then each group member
maximizes a quadratic payoff function which, depending on parameters may have an
interior maximum.'®
Rapoport and Amaldoss (1999) proposed a series of dual-layer models of group
competition in which a fixed private-good prize is shared by members of the winning
group according to prize sharing rules originally proposed by Nitzan. In their specific
model that is tested experimentally in the present study, symmetric players with
continuous strategy spaces face a social dilemma with regard to the generation of a linear
public good. Pairs of such equal-sized groups then compete for a private-good prize that
is assigned probabilistically. Prize assignment rules examined here are equal and
proportional sharing.

In Hausken's original model, the strategy space is binary (cooperate, defect). The author soon
extended the model to incorporate continuous strategy spaces and varying sharing rules
(Hausken, 199Sb) Ties are broken at random.
^ An interior maximum means that a player's equilibrium (optimal) contribution is a positive
fraction of his endowment. Such an interior Nash equilibrium is not a dominant strategy
equilibrium (as in the linear VCM) but a best response equilibrium in which each player's
equilibrium strategy is merely the best response to the other(s)' optimizing choice(s) and not the
best response to whatever others might do.
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The payoff of each member i of group k from the within-group interaction (the
generation of the public good) is determined as follows:

(1)

where e is player i's endowment (the same for all players), .r,vt is the contribution of player
i from group k to the public good, Xt is the sum of the contributions to the public good by
all members of group k, n is the number of group members (the same in both competing
groups), and gk is the public good generated within group k. gk reaches its maximum if
every group member contributes his entire endowment. The term in the first bracket is the
amount a player keeps for himself. The term in the second bracket is his earnings from
the public good generated by his group. F,*" is the deterministic part of a player's payoff.
In addition to the deterministic payoff, a player gets a share in a prize if his group
wins the between-group competition. The probability of group k winning the prize is
determined by how its contribution compares to the competing group's contribution, in
the manner suggested by Tullock' (1967) for individual rent-seekers,
Xk

(2)

where Xk is the total of contributions by members of group k and Xi, is the total of
contributions by members of group h. The expected total payoff for player i of group k is
therefore

(3)
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The term in the first square bracket is the deterministic part of a player's payoff;
see (1). The term in the second square bracket is the probability of player I's group
winning the fixed prize; see (2). S(P) is a function that determines how the prize P is
shared among members of the winning group.
Eaminss under the esalitarian nile. Under the egalitarian prize-sharing rule
members of the winning group share equally in the prize, thus
S(P) = P'
n

(4)

Each member i of group k therefore maximizes the following quadratic payoff function,
which can be shown to be concave
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The first order condition for a global maximum is
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Since players are symmetric we can construct a symmetric Nash equilibrium.
Setting

~ ^ih- ~ Xnk ~Xii = X21

n

X„i — .x,, (6) can be rewritten as

- 1 + S.
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The Nash equilibrium contribution is therefore:

=0

(7)
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Earnines under the proportional rule. Under the proportional rule each member
of the winning group gets a share in the prize that is directly proportional to his
contribution to the public good. Thus,

S{P)'P

Xik

(9)

UJ

The payoff function (which can be shown to be concave) that member i of group k
maximizes is, therefore:
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V
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which simplifies to
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The first order condition is;
dvy
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(12)
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As before, we construct the symmetric Nash equilibrium. Setting X/j^ = Xjjt.. =
X„it —Xji = X21 =.. x„i = Xi, (12) can be rewritten as
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P^n-\)xi , S
^
—7
Y
1^
=0
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(13)

The Nash equilibrium contribution is therefore;

Xi =

P^n-l)
m1 \

ne

(14)

J

Under both the egalitarian and the proportional prize distribution schemes,
intergroup competition can lead to increased efficiency compared to the regular VCM
with its equilibrium of non-contribution by all. Whether there is such an improvement
and to what extent depends on the parameters. From (8) and (14) it can be seen that
equilibrium contributions are inversely related to group size and increase with the prize,
the size of the public good, and the endowment.
Previous empirical research
Rent-seekins by individuals. Empirical examinations of individual rent-seeking
behavior have lagged behind theoretical developments and the results so far appear
contradictory. Two studies show rent dissipation in excess of the equilibrium prediction
(Millner & Pratt, 1991; Davis & Reilly, 1998), which might indicate that psychological
motives linked to group competition may lead to "competitive escalation" (Bazerman,
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1994). Other studies'^ show behavior conforming to equilibrium predictions (Potters, de
Vries & van Winden, 1998; Shogren & Baik, 1991).
Effects of erouD competition. The most comprehensive empirical examination of
simultaneous within- and between-group conflict of interest has been carried out by
Bomstein and his collaborators. They examine behavior in so-called team games with
deterministic prize assignment. Their results make a strong case against the inappropriate
use of the unitary player model for groups. First, as already mentioned, if the multi-layer
structure of a situation is not appropriately modeled it may affect incentives and hence
the equilibrium. Bomstein and Gneezy (1998) also show that even if equilibrium
predictions are identical in a unitary-player group and a group with partial conflict of
interest within, behavior can nonetheless differ. Bomstein et al's research also shows that
groups are more capable of overcoming an internal social dilemma if the extent of withingroup cooperation determines the outcome of a competition with another group both in
the lab (Bomstein, Winter & Goren, 1996; Bomstein & Ben-Youssef, 1994; Bomstein,
Erev & Rosen, 1990) and in the field (Erev, Bomstein & Galili, 1993).
The economists Nalbantian and Schotter (1997) compared the effects of a variety
of incentive schemes for teams, all with a positive equilibrium contribution. Under the
group tournament scheme members of the team that produced the highest mean output
got paid more than members of the competing team. The scheme lead to a team output
that was both high and stable over 25 rounds while output declined under all other
incentive schemes. Such high and stable contribution levels could otherwise only be

See Potters, de Vries & van Winden (1998) for a methodological critique of the other three

128

achieved through stringent monitoring coupled with punishment for non-contributors.
The authors speculate that group tournaments' effectiveness as an incentive scheme may
be due to psychological factors. A further interesting finding was that effort levels under
the tournament scheme, however high, did not reach equilibrium levels, which in turn
were close to the upper bound of the strategy space.
Prize sharins rules. In the studies on the effects of group competition described
above, members of the winning group shared the prize equally'®. However, as originally
shown by Nitzan (1991a) and by Rapoport and Amaldoss (2000), group members'
material incentives vary with prize sharing rules. Amaldoss, Meyer, Raju and Rapoport
(2000) compared the effects of the proportional and the equal sharing rule. Groups of two
competed in pairs for a prize that went with certainty to the group whose members
contributed the most. Members of the losing group received nothing.Players' strategy
space was discrete'°°. Generally, aggregate behavior over subjects and trials
corresponded closely to the mixed-strategy equilibrium. Those sharing equally in the
prize committed fewer resources to the competition than those sharing proportionally to
their input. However, when the prize was small, subjects tended to over-contribute, a
factor that the authors speculate may be due to psychological motives linked to group
competition.

studies.
The difference beUveen a public good prize and a private-good prize that is shared equally is
that the public good prize in its entirety is consumed by each group member while a private good
prize is divided among group members.
There were up to 120 rounds with participants randomly rematched after each trial.
(3 elements).
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From the field. Field support for the effect of sharing rules in overcoming social
dilemmas comes from commons research. Commons arrangements tend to be more
successful if there is congruence between provision (the input required by a user, such as
labor to repair canals) and appropriation (such withdrawal of water). Such an arrangment
corresponds to a proportional prize sharing rule. If provision is unequal but
appropriation is equal—an arrangement that resembles the equal prize sharing rule— then
commons tend to be less successful. In fact, a rule that ties the amount of appropriation to
the amount of provision elicits the highest effort levels by commons owners (DaytonJohnson, 2000; Chambers & Ostrom, 1990). These field results resemble the
experimental findings reported above.
Hypotheses
The goal of the present study is to study experimentally the effect of prize
sharing rules if the amount of a public good generated by a group via a VCM serves as
input into a higher-level between-group competition with probabilistic prize division. I
hypothesize that behavior will conform to equilibrium predictions which, in turn, depend
on the prize sharing rules. As subjects will get ample opportunity to learn, any persistent
over-contribution must be attributed to psychological motives.

2. Method, Design and Parameters
Method
Three experiments were conducted in the Economic Science Laboratory at the
University of Arizona. The three experimental conditions (one per experiment) were a
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regular VCM, a VCM with superimposed group competition with egalitarian sharing
rule, and a VCM with proportional sharing rule. Participants were 48 students at the
University of Arizona. They interacted anonymously via networked computers while
visually separated by blinders. Subjects were provided with hard copies of the
instructions (Appendix C), pocket calculators, as well as pens and paper to take notes. All
subjects had to pass a computerized pre-experimental quiz to ensure that they understood
their instructions.
The pre-experimental quiz presented subjects with the single-round choices of
members of a hypothetical group, who contributed different amounts to the public
account. Subjects calculated the associated experimental earnings. The amounts that the
fictitious group members had contributed included the entire endowment, zero, and
intermediate amounts. This made it salient to subjects that free-riding, at least to some
extent (depending on conditions), was individually advantageous but that it was most
efficient if all group members contributed fully. In the case of inter-group competition,
participants calculated earnings both for the case that the hypothetical group had won the
inter-group competition and for the case that it had lost.
Each experimental session consisted of 80 decision rounds. At the start of each
round, the 16 participants of each condition were randomly assigned to four groups of
four. In the conditions involving inter-group competition groups were paired to compete.
Subjects then decided how much of their endowment to contribute and how much to keep
in their respective private accounts. Under inter-group competition, wiimers were
determined via a lottery according to (2). In the earnings display at the end of each round,
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participants were informed about their group's total contribution and winning probability,
the competing group's total contribution and winning probability, and who the winning
group was. Participants also received information about their cumulative earnings and
earnings for the specific round. The latter were broken down according to their source private account, group account, and, in the group competition conditions, share of the
prize (if any).
Each session lasted approximately two hours. At the beginning, participants
received a show-up fee of S 5. At the end, they were privately paid their experimental
earnings, which ranged from SI7.75 to $ 26.25.
Desisn and parameters
Table 4.1 shows the experimental design and parameters. The size of prize, P,
was chosen so that the equilibria of the two competition conditions were sufficiently
distinct, while all parameters were fixed across the three experimental conditions. This
specific size of the prize also results in interior Nash equilibria under both prize division
rules with about equal distance from the equilibrium contribution to the nearest strategyspace boundary. Interior Nash equilibria give subjects room to err in their contributions
both above and below the Nash equilibrium and thus prevent data from being
systematically skewed away from the equilibrium due to random error alone. If there is
the possibility that data are systematically skewed due to random error, it is not possible
to attribute deviations from equilibrium to any systematic behavioral tendency.
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The marginal per capita rate of return (MPCR) in the VCM was set to 0.5 because
this MPCR condition has been frequently examined in the past (it is also used in Ch. 3).
Therefore, it allows comparing my results to other VCM experiments.

3. Results
Assresate Results
The ordering of mean group-account contributions in the three different
experimental condition was as predicted by theory. Contributions were highest under
inter-group competition with proportional prize division, followed by competition with
equal prize division and finally the regular VCM with no inter-group competition. Figure
4.1 shows mean contributions per condition and per round"". Table 4.2 shows the same
measure per block of ten rounds. Table 4.2 also shows that under the proportional sharing
rule behavioral variability was smallest.
No competition condition. In the regular VCM mean contributions showed the
typical pattern (Ledyard 1995; Davis & Holt, 1994). Initially, mean contributions were
about 50% of the endowment and declined toward the vicinity of the Nash equilibrium
contribution of zero. Figure 4.1a and Table 4.2 show that mean contributions kept
declining throughout all 80 rounds of the present study.
Random reassignment before each round appears to slow the decline in
contributions compared to keeping group membership fixed throughout the experiment

In spite of the ordering of results being as expected I reject for all three conditions the
hypothesis that in any of the three conditions contribution samples were drawn from a population
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(see, e.g., Andreoni, 1988). Figure 4.2 compares the decline in mean contributions in the
first ten rounds of the present study and in a comparable condition that was part of the
study reported in Chapter 3. In both studies the group size (4), the MPCR (0.5), and the
assignment rule (random re-assigiunent lo a new group before each round) were identical.
Subjects were drawn from the same population, undergraduates at the University of
Arizona. Figure 4.2 shows that the decline in mean contributions over rounds is similar in
both studies. In fact, a Chow-test failed to reject the null hypothesis of no structural
differences be^veen the two data sets (F (2,756) = 2.76). Thus, while random
reassignment to groups appears to slow the decline in mean contributions, the decline in
the present, long (80 rounds versus the usual ten rounds) study was not unusually slow in
its initial ten rounds for which comparison was available.
Figure 4.3 shows median contributions per round. A comparison of Figs, la and
3a shows that medians where often slightly less than the means. This us due to the fact
that the distributions of contribution per round were most often positively skewed. Figure
4.4a shows the small and slightly declining percentage of subjects per round who
contributed fully, while Figure 4.5a shows that, as the experiment proceeded, an
increasing number of subjects adopted the dominant strategy of non-contribution.
Equal prize sharing. Under equal prize division, mean contributions per round
also started out at about half of the endowment (26.56 tokens out of 50) but - contrary to
the regular VCM— declined only slightly (see Fig. IB). The difference between round 1
and roimd 80 contributions is significant (t paired (15) = 0.79, p = 0.02). Table 4.2 and

playing the respective Nash equilibrium strategy (alpha = 0.01). This applies to contributions over

134

Figure 4.1b suggest that mean contributions have stabilized by block 7 at slightly above
21 tokens. Figure 4.1b also illustrates that mean contributions per round remained
consistently above the equilibrium prediction of 6.5 tokens. Median contributions (Figure
4.3b) were very similar to mean contributions.
Proportional prize sharins. Figure 4.1c shows that under the proportional prize
division rule, mean contributions started at about 35 tokens and remained high and stable
over all 80 decision rounds even though they were slightly beneath the Nash equilibrium
contribution of 45.5 tokens. The same applies to median contributions (Fig. 4.3c). This
pattern is similar to Nalbantian and Schotter's (1997) group-tournament results where the
equilibrium contribution was close to the upper bound of the strategy space and observed
mean contribution levels were stable but slightly below the equilibrium level.
The distributions of contributions per round were often slightly negatively
skewed. This can be verified by comparing means and medians (Figures 4.1c and 4.3c).
Figures 4.4c and 4.5c show that while the percentage of zero-contributions was minimal,
around half of group members in each round contributed fully.
Figure 4.6 shows that both under the equal and proportional sharing rule, only a
few subjects contributed an amount that is close to the equilibrium. As equilibria were 6.5
and 45.5 tokens respectively, and subjects exhibited the often-shown tendency of
contributing in fives, the figures show the percentage of subjects in each round who
contributed on a five-token band that includes the equilibrium.

all 80 trials as well as for contributions in the last ten-trial block.
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Both in the regular VCM (the baseline) and the inter-group competition with
proportional prize division, mean and median contributions were quite close to the Nash
equilibrium in the later stages of the experiment. In fact, medians in these two conditions
were often at the equilibrium. The small but significant deviations of mean contributions
(under-contribution under proportional prize division where the equilibrium contribution
is close to tlie entire endowment, and over-contribution in the regular VCM where the
equilibrium contribution is zero) may be due to error distributions. In the basic VCM
subjects can only err by over-contributing. Similarly, if the Nash equilibrium contribution
is nearly the entire endowment (as under proportional prize division here), there is much
more room to err by under-contributing than by over-contributing. Error has in fact been
identified as a significant reason for over-contribution in a regular VCM with its
equilibrium contribution at the lower boundary of the strategy space. Similarly it is a
reason for under-contribution if the equilibrium contribution is at the upper boundary
(Isaac & Walker, 1998, Palfrey & Prisbrey, 1997: Palfrey & Prisbrey, 1996).
However, error may not be the sole reason for the contribution patterns observed
here. Isaac and Walker (1998) varied equilibrium contributions using quadratic payoff
functions (the same functional form as used here for intergroup competition conditions)
and interior Nash equilibria. The equilibria were either in the upper or lower half of the
strategy space and mirrored each other so that their respective distances to the nearest
strategy space boundary were equal. Overall, Isaac and Walker found more over- than
under-contribution due to what they (p. 203) call a "residual cooperative component".
Some of Isaac and Walker's experimental conditions are sufficiently similar to the ones
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in this study to compare results, as long as we keep in mind that Isaac and Walker's
experiments lasted for ten rounds only.
The equilibrium with the highest contribution in Isaac and Walker's study
required contributing 81% of the endowment. Actual contributions were stable over trials
but on average stayed at 11% below the equilibrium. Under the proportional prize
division in the present study, behavior is very similar. The equilibrium contribution is
91% of the endowment and mean contributions remain steady at about 12% below the
equilibrium.
Under Isaac and Walker's mirror image of the 81% equilibrium contribution
condition, the equilibrium contribution is 19% of the endowment. After a slight decline
over rounds, mean contributions appear to stabilize at 88% above the equilibrium. Under
equal prize division here, 12% of the endowment should be contributed in equilibrium.
However, after 80 rounds and a slight decline, actual contributions exceed the
equilibrium contribution by 230%! I suspect that this high excess contribution is due to
psychological motives linked to in-group coherence under group competition. An
alternative explanation would be that equal sharing of the prize causes this large excess in
contributions.
Gender. There were more male (n=32) than female (n=16) subjects. It is under
dispute whether there are any gender differences in a regular VCM (Andreoni &
Vesterlund, 1999). However, it has been suggested that males are more competitive than
females, particularly in groups (Tiger, 1966). Interestingly, real-conflict therorists have
predominantly focused their research on groups of males (e.g., Sherif, 1966). Males
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might therefore contribute more than females under group competition conditions.
However, no gender differences were found.

(t(42'°^) = 0.14, p = 0.88)

Analyses of individual behavior
Oscillations. Aggregate analyses disguise the vast individual differences in
contribution patterns that generally exist in VCM experiments and under all three
conditions here as well. Appendix D contains graphs of individuals' contributions over
rounds for all 48 subjects. Immediately apparent are large oscillations over trials. A
comparison with the VCM experiment in Chapter 3, with the same MPCR, group size,
and group assignment rule and, moreover, subjects drawn from the same population'"^
indicates that such oscillations are not out of the ordinary.
In the regular VCM condition, the mean standard deviation within subjects and
over all trials was 12.33. In the comparable ten-round VCM in Chapter 3 (RANDOM
0.5) that value was 10.46 (n=60) once the original value was adjusted to the size of the
endowment in the present study. Further, Figure 4.7 illustrates how mean standard
deviations of subjects per ten-round block started in the vicinity of the values reported in
Chapter 3 and declined slightly with the number of blocks. The decline over rounds in the
present study indicates that experimentation due to boredom was not a factor in the

Several factors might have prevented gender differences and might be examined in later studies. First,
increased male "groupishness" appears to be mediated by physical contact between group members
(Kurzban, 1998) which did not exist in this study. Second, instructions were worded to minimize the
competitive aspect of the intergroup interaction. Third, subjects were regrouped before each round, which
may have prevented the emergence of a group identity.
Gender information was only available for 44 out of 48 subjects.
University of Arizona undergraduates
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present study in spite of rather long sessions.If it had been, one would expect
oscillations to increase rather than decrease over trials. Figure 4.7 also shows that the
mean standard deviation of individuals' contributions over rounds vary some by
condition but these differences are not significant (F(2,45) = 0.53, p = 0.59).
Dynamics o f play. In spite of these differences between conditions not being
significant, the individual plots in Appendix D invite questions about what underlies the
observed oscillations over trials, as subjects in the competition conditions received all
kinds of feedback at the end of each trial. The feedback covered their own group's
contribution, the other group's contribution, the probability of winning, and whether their
group won. It appears plausible that subjects would use this information when deciding
upon their contribution for the next round. I regressed individual contributions on round
number, individual contribution at trial t-1, win or loss at trial t-1own groups and
other group's contribution at trial t-1, separately for each of the two competition
condition. An individual's contribution at trial t-1 was the best predictor of his
contribution at time t (/3 = 0.66, t = 30.90, p < 0.01 under equal sharing and /3 = 0.43, t =
15, p < 0.001 under proportional sharing). Under proportional sharing, a win at trial t-1
also raised the contribution (13 = 1.75, t = 2.33, p = 0.02). However, individuals used the
feedback they were given very idiosyncratically and these aggregate effects are due to a

In the study in Chapter 3, subjects were informed that there would be ten decision rounds. In
the present experiments, subjects were only told that there would be "many" (paragraph 3 of the
instructions Appendix Three). The slot set aside for this series of experiments was more than
twice as long as the slots for the experiments in Chapter 3. Subjects therefore had some
information about the expected length of both experiments.
The probability of winning is a composite of two other regressors: own group's contribution
and other group's contribution. It was omitted from the analysis after having ascertained that
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few individuals only. This is illustrated by Table 4.3 which presents the same regression
analysis separately for each participant in the two competition conditions.
Plaver type. Subjects varied not only according to the information they used for
their contribution decisions, but also in their contribution levels and in how these levels
changed over time. As others have conceded in the past (e.g., Isaac and Walker, 1988),
any typology of subjects according to their pattem of public goods contributions is
somewhat arbitrary. Examining mean contributions per block, most subjects show a
systematic contribution pattem in spite of large oscillations in single trials. The following
typology of subjects is, therefore, based on the individual block means shown in
Appendix E. Table 4.4 classifies subjects for each condition
a. Strong Nash players. Strong Nash players' individual block means of contributions
are within five tokens (10% of endowment) from the respective Nash equilibrium. In
the regular VCM this range is censored from below, and block means never exceed 5
tokens. Under equal prize division, the block means of this player type range firom 1.5
to 11.5 tokens. Under proportional prize division block means never descend below
40.5 tokens and are slightly censored from above.
b. Weak Nash players: The block mean of this type remains within 20 tokens (40% of
endowment) of the respective Nash equilibrium. These subjects were classified as
weak Nash players because they appear somewhat sensitive to the equilibrium even
though they deviate substantially fi-om it. In the regular VCM, weak Nash players
never contribute more than 20 tokens on mean per block. Under equal prize division.

including it and instead omitting the Uvo variables of which it consisted resulted in less
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their block means always remain between zero and 26.5 tokens. Under proportional
prize division, weak Nash players always contribute more than 25.5 tokens on mean
per block.
c. Learners. The block means of these subjects exhibit a change of behavior with
experience and a trend toward the Nash equilibrium. Their initial contributions fit
neither the strong nor the weak Nash player definition, but they become weak Nash
players in the last two blocks. Learners are mainly responsible for the decline in their
group's mean contribution toward the Nash equilibrium in the regular VCM and the
lesser decline under equal prize division. In correspondence with this, learners show a
steeper decline in the regular VCM than under equal prize division and there are no
learners imder proportional prize division where mean contributions remain stable
over rounds.
d. Cooperators. Cooperators keep their contributions above the weak Nash player level
over all eight blocks. This type can only be detected in the regular VCM and under
equal prize division, as only there is it possible to contribute above weak Nash player
levels.

Learning
Existence of a eeneral learning effect. In order to assess whether subjects in the
aggregate changed their behavior over rounds, I conducted a time series analysis with, as
regressors, round number and dummies representing the three experimental conditions.
Column 2 of Table 4.5a shows that all independent variables had a significant effect. The

explanatory power both in aggregate and in individual analysis.
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significance of round number attests to an aggregate change of behavior over rounds
across all three conditions. The dummies account for the different height of the respective
regression lines. The first entry in column 2 is the intercept for the regular VCM. The
second entry shows the significant effect of added group competition with equal prize
division. Entr>' 3 shows the added effect of prize division being proportional. However, in
this analysis the slopes of all three lines are forced to be identical to each other, as "round
nr." does not interact with the experimental condition- dummies. It is obvious fi-om
Figure 4.1 that a joint significant slope for all conditions is only a very general
confimiation of a learning effect and masks obvious slope differences between the three
experimental conditions.
Column 3 of Table 4.5b shows a time series regression with added interactive
terms. The slopes of the lines representing the different experimental conditions are now
allowed to var>'. The first three rows again allow to deduct the intercepts for the three
experimental conditions, in the same manner as in Column 2. Row 4 shows the change in
contributions per round in the regular VCM only. Rows 5 and 6 show additional slope
changes for the competition conditions. For example, the slope for equal prize division is
-0.14 + 0.05 = -0.09. That is, the decline is smaller under this condition than under the
regular VCM, a fact also evident from Figure 4.2. This change is not significant (p =
0.07), partially due to high multicollinearity caused by the interactive terms. The slope
for proportional prize division is -0.14 + 0.05 + 0.0.8 = -0.01, a significant addition
fi-om "equal". The time regression line for that condition is practically flat.
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These significance levels for the slope changes between conditions should not be
confused with the statistical significance of time-slopes for the single experimental
conditions. Table 4.5b regresses contributions on round number, separately for each
condition. It can be verified that adding the coefficients from Table 4.5a results in the
condition-specific coefficients of Table 4.5b. The Table also shows that there is a
significant decline in contributions over rounds in the regular VCM and under equal prize
division.
The above aggregate analysis only gives very general information about the
existence of leaming effects. Learning models give leads as to how exactly individual
subjects learn.
Learning models. It is obvious that experimental subjects do not reason their way
to equilibrium the way game theorists do. Rather, "they watch, listen and do" (Smith,
1990, pp. 12-13). In experimental games participants usually play a game repeatedly.
Presumably, convergence to equilibrium -if it occurs ~ takes time as subjects leam how
to solve the situation they face. Leaming in games has recently become a very active area
of game-theoretic research, both theoretic and experimental (Ledyard & Palfrey, 1995)
There is no way to ascertain whether any leaming model accounts for unobservable
mental processes. Rather, by fitting model parameters to observed behavior the goal is a
close description of behavioral observations.
Leaming models may be divided into two main categories. In belief leaming
models players are assiuned to use information about the past choices and payoffs of their
opponents. They apply this information to update their beliefs about their opponent's
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choices at the next stage of the game and select the optimal response given their beliefs
(Mookheijee and Sopher, 1994). The most well-known example of such a model is
fictitious play'°^ (Brown, 1951). In reinforcement learning models, players continuously
modify their propensities due to the reward or punishment that result from their choices.
See, for example, Erev and Roth (1998). Finally there are hybrid models of great
generality that can integrate the previous two model types to varying degrees (e.g.,
Camerer & Ho, 1999).
Reasons for fittins a simple reinforcement learnins mode to the present data.
Because of their random reassignment to a new group at each trial, subjects of the present
experiment learned mainly about the effects of their own strategy against various
opponents rather than about the behavior of their counterparts. With 16 players in each
session randomly divided into groups of four before each round, the probability of
meeting exactly the same player configuration at least t^vice during the experiment was
minuscule.
The structure of the single stage games also speaks for fitting a simple
reinforcement learning model rather than a belief-based model. First, in the three VCM
variants examined, belief-based learning would involve much cognitive complexity. It
would require that the subject calculates the hypothetical payoffs fi-om the within-group
interaction and for each of her numerous strategies, given other group members'
contributions.

In fictitiuous play, a player chooses his optimal strategy given his opponent's past
choices.
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Further, in two out of the three conditions she would also need to calculate, for
each strategy, the expected value of her share in the lottery between groups, taking into
account both contributions by her own group and by the competing group.
A final point in support of using a reinforcement model rather than a belieflearning model for the present data comes fi-om a related study. Amaldoss and Rapoport
(2001) conducted an experiment of intergroup competition with probabilistic prize
assignment, but with no public good created within the group. Applying the hybrid EWA
model (Camerer and Ho, 1999), which allows the fitting of any combination of belieflearning and reinforcement learning, Rapoport and Amaldoss found that simple
reinforcement was superior to belief learning in accounting for group members'
contributions.
The Roth and Erev reinforcement learnins model. The three-parameter
reinforcement-learning model by Roth and Erev (Roth & Erev, 1995; Erev & Roth,
1998,1999) has been used successfully to account for learning in various kinds of games
with two or more players. Until now, however, it has not been used to account for
behavior in a simultaneous-move public goods game'°^. In order to model a process of
gradual adjustment in behavior, Roth and Erev proposed to use readily observable
features of both the data and the game. Their model incorporates well-established
principles for learning, such as the law of effect (Thomdike, 1911) and the power law of
practice (Blackburn, 1936). The law of effect says that individuals increase their

A hybrid model slightly outperformed a simple reinforcement-learning model, but it did so at
the cost of added parameters.
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likelihood of choosing a specific strategy relative to the extent to which the strategy has
been rewarded in the past The power law of practice says that learning curves tend to be
steep initially, and then flatten out. Yet another aspect of the Roth and Erev model that
adds psychological realism is the fact that the model involves probabilistic rather than
deterministic strategy choice. It is more intuitive to assume that players have tendencies
to select each of their strategies, and that these tendencies vary with past rewards, than to
assume that current behavior is completely determined by the amount of reinforcement
received.
Roth and Erev (1995) propose that player I's probability of playing strategy s at
trial t is a function of the amount of reinforcement he has obtained from this strategy in
the past. The amount of reinforcement at a given trial, R(Vii), is deflned as Visr ^isi

The

former term is the actual amount of payoff received, and the latter term is the smallest
possible payoff. In the games studied here, with an MPCR of 0.5 for investments into the
group account, a player has a guaranteed return of at least 0.5 times her investment. In
addition she is guaranteed whatever she kept in her private account. As Vjstdefined
this way, does not vary across subjects or trials, we can set V,sr """= Vs""". ^s""" for all
experimental conditions, including the group competition conditions is therefore;
VJ"'" = (e-XiJ + 0.5xu

(15)

See Roth and Erev (1995) for an application of their model to a sequential-move public goods
game.

146

where, as before, e is the endowment (50 tokens for each trial), and

is a player's

contribution to the group account.Note that in the two group competition conditions
the actual Visr has a probabilistic component and therefore does not only depend on
players' choices but also on chance.
nitial behavioral propensities. The Roth and Ever model involves the estimation
of three parameters: initial propensities 5, (1), generalization s, and forgetting 8. The
parameter 5, (I) represents a subject's relevant experience before entering the experiment
and therefore determines an individual's speed of learning. Someone already experienced
with the experimental situation or similar scenarios will weigh his new experiences less
heavily than someone to whom the situation is new. The initial learning curve of an
experienced subject should, therefore, be flatter than the learning curve of a novice. As
usual, I assumed that the initial propensities are uniform for all players and over all
strategies.''' The propensity of player / choosing strategy 5 at trial 1 is therefore

(16)

where vv is the number of strategies (here, eleven) and S(l) needs to be estimated.

'I chose not to complicate matters by defining JCj""" in the group competition conditions on an
expected value basis, but rather limit x,""" in all conditions to the guaranteed payoff from the
within group interaction.
While it is plausible that there are individual differences both in the amount of experience and
in the propensities toward specific strategies, it appears impossible to assess them. Roth and Erev
(1998) found that model fit did not improve by estimating individuals' initial propensities from
the initial rounds of the experiment rather than assuming them to be uniform fbr all players and
strategies. I found the same in my data.
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Calailation of individual choice probabilities. If player i selects a specific
strategy s at trial 1 and gets reinforced for her choice, her probability of selecting strategy
s at trial 2 increases to:

while player t's choice probability for a strategy }wt selected at t=l shrinks to:
/!,. = r5
l9,„

—

^

(18)

The same calculation applies to all subsequent trials. An individual's probability
of choosing a particular strategy at

is the sum of past reinforcements received from

that strategy up to and including trial t, divided by the sum of all reinforcements the
individual has received so far from all strategies available to him.
Generalization. Roth and Erev (1998;1995) suggest that if strategies have a
natural ordering, the choice probability of a strategy that neighbors a strategy actually
chosen increases as well. Roth and Erev define the use of the generalization parameter, e,
(0 ^

as follows: While a strategy that has actually been selected gets reinforced by

(]-s) (Vis,(e/2) (Visr Vs""").

each of the two strategies directly neighboring it gets reinforced by
If the selected strategy lies at the boundary of the strategy space and

therefore has only one neighboring strategy, the selected strategy is reinforced by (Vur
Vs""") (l-[e/2]), while its one neighboring strategy is reinforced by the usual (Vur V"'")

"* Note that in theory not only strategies directly neighboring the strateg>' chosen could be
reinforced, but a smooth curve (with its width varying) could be fitted over all or part of the
strategy space.
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(e/2). The fact that strategies at the boundary of the strategy space get slightly stronger
reinforcement than others helps model convergence of behavior toward extreme, and
therefore possibly more salient, strategy choices.
As the discretized strategy space in the present study has a natural ordering
according to the amount contributed to the group account, I included a generalization
parameter in my model estimation. For example, when an individual contributes 40
tokens to the group account and gets the concomitant reward his probability of
contributing 40 tokens increases by 20 (1-E /2) and his probability of contributing either
35 or 45 tokens increases by e /2.
Forgetting. It is reasonable to assume that subjects' learning process shows a
recency effect so that reinforcements received way in the past weigh less in an
individual's strategy choice than do more recent reinforcements. The parameter 5 (0 ^
reflects an individual's rate of forgetting past reinforcements. Before reinforcements
received at t are added to the calculation of a player's choice probabilities for t+1, all his
reinforcements up to and including t-l are multiplied by (7-5).
A three-parameter model of probabilistic choice: Let q^i represent an individual's
sum of all past reinforcements for a given strategy s up to trial t-l, including the initial
S(l)/w, and discounted at each trial by the forgetting parameter 6. An individual's
probability of selecting strategy s at trial t +1, based upon his experience up to and
including trial t, is
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Model fit. Discretizing the strategy space. Figure 4.8 shows that, in all three
conditions subjects most often selected contributions that were multiples of five, a
finding which is consistent with previous results (see, e.g., Selten, 1997). Given this
contribution pattern, I discretized the strategy space (originally all integers in the interval
[0,50]) so it contained only eleven strategies. The strategy "0" consisted of contributions
on the interval [0, 2], the strategy "5" consisted of [3, 7], the strategy "10" covered the
interval of [8,12] and so on. Finally, the strategy "50" was made out of contributions on
[48, 50].
Fitting process. Roth and Erev's model involves probabilistic rather than
deterministic predictions about an individual's choice at a given trial. This means that the
model needs to be fitted to aggregate, rather than individual, contributions per trial.
The software used for model fitting was MSExcel 2000. For each of the three
experimental conditions, a spreadsheet was set up so that model values varied with the
value of the three parameters to be estimated.
Individual players' expected contribution for each trial was calculated by
multiplying the value of each strategy by an individual's choice probability for that
strategy. Further, the mean of individuals' expected contributions was taken over all

"Mf individual behavior were predicted based on the model, it would be necessary to assume that
an individual chooses the strategy with the highest choice probability. This would turn a
probabilistic model into a deterministic one. Some aggregation either over individuals or over
trials for a single individual, is needed.
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players. A grid search refined by the Solver Tool' was applied in order to find the
values of the three parameters, S(l). fand 6, which jointly minimize the mean squared
deviation between mean contributions per trial in the data, and as predicted by the model.
Fit measures. Table 4.6 presents the parameter estimates per condition, as well as
the mean square deviation, which allows assessing the size of error with regard to the
strategy space [0,50].
Figure 4.9 graphically displays the fit of the model. The comparison of observed
and predicted mean contribution is shown separately for each condition. First, it is
noteworthy that the learning model shows less variability over time than do the data. This
is a common feature of learning models (See, e.g., Erev & Roth, 1998). Second, the
learning model is seen to track the data extremely well, including temporary spikes in
aggregate contributions. This is due to a relatively high estimates for the forgetting
parameter, 5. Temporary spikes in the data are reproduced to the extent that 8 is high.
Note that the learning model would track the data perfectly, but lagged by one trial if
5=1 and e=0"^. Third, contrary to what might intuitively be expected, there is no
generalization (E=0 for all three conditions). Finally, it is noteworthy that the learning
model could be fitted to all three conditions with similar parameters, including the
proportional prize division condition where there was no change in aggregate behavior

Solver only finds an optimal solution within a close range from the initial values it has been
given. This means that it cans only fmd local, rather than global, optima. In order to find a global
optimum, it t is therefore necessary to first roughly locate it through an extensive grid search and
only then let Solver find the actual values associated with it.
It can be verified from (19) that with immediate and complete forgetting (if S=l), the model
becomes trivial. Under such circumstances, a choice at t+1 is a fiinction only of rewards received
at t and for any strategy selected at t, its choice probabilities at t+1 approach unity.
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over trials. This is supportive evidence for subjects being adaptive learners even if
reinforcement does not lead to change in behavior over time.

4. Conclusion
Summary of results. In the standard linear VCM mean contributions exhibited the
usual decline toward the vicinity of the Nash equilibrium prediction of zero. Under group
competition with equal prize division, contributions exceeded the Nash equilibrium by a
large margin. Under proportional division, mean contributions remained consistently in
the vicinity of the equilibrium, which did not leave much room to exceed it. The results
demonstrate that subjects in a VCM are responsive to the material incentives generated
by intergroup competition and differences in prize sharing rules. Mean contributions
reflect—to degrees varying across conditions—the respective equilibrium. The results
also indicate that there may be psychological effects of intergroup competition that lead
to steady levels of cooperation that are above game-theoretic predictions.'
For a participating individual, group competition may have tvivo aspects. These
aspects have not been separated in previous experiments typically run by social
psychologists whose main focus has been to uncover effects of group competition on
behavior. One aspect is material self-interest. The expected value of an individual's
share in the prize may make her participation worth while. In addition, there may be an

Actually, the effects of material incentives and psychological motives can not be
unambiguously separated. I choose to be conservative and to attribute, at this stage, contributions
up to the equilibrium to material incentives, and only to attribute systematic excess contribution
to psychological motives.
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automatic response to competition between groups'". My results indicate that the
material incentives are powerful but where psychological motives have room to operate,
they can increase cooperation even further.
Critique. The results reported here would be strengthened by replication. Only
one experimental session has been run for each condition. The study would also be more
complete if there were a fourth condition, with a Nash equilibrium identical to the one
under equal prize division here (6.5 out of 50 tokens) but with proportional sharing.
Under both sharing conditions there would then be equal room for over-contribution and
material incentives and random error alone should lead to the same contribution under
both prize division conditions. Such an additional condition would allow one to better
assess any psychological motives underlying behavior under inter-group competition and
give indications about possible psychological effects of the different prize division
schemes.
Unfortunately, implementing such a fourth condition requires changing
parameters that affect the incentives to contribute, either reducing the size of the prize or
the size of the public good. Therefore, if contributions under this new proportional prize
division scheme with a Nash equilibrium of only 6.5 out of 50 tokens turn out to be
different from equal prize division, there may be two reasons for it. The difference may
be due to the reduction in material incentives to contribute, or it may indicate tliat the
equal sharing rule and the proportional sharing rule have different psychological
properties. Only further conditions could disentangle these two possible causes.

Competitive escalation has been well demonstrated for individuals. In addition to that, groups
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Practical application of results. Establishing whether group competition enhances
cooperation within a group and knowing the effect of different prize-sharing rules may
ultimately be useful in the design of incentives within organizations and in public policy.
The findings might apply to a wide array of collective action problems. The results of this
study, however, should not be taken as an immediate encouragement to use inter-group
competition as an incentive mechanism to increase cooperation.
First, in the present experiment any psychological effects of group competition
were probably minimal compared to its effects in the real world. Group membership was
changed at each trial, which prevented an enduring sense of group identity. Further, the
fact that participants were visually separated from each other and anonymous probably
toned down competitiveness between groups. Intergroup competition may actually be a
rather blunt tool to increase cooperation in the real world because its effect are intense
and unpredictable (see, for example, Diab, 1970).
Second, if intergroup competition is used as an incentive scheme, group members'
incentives and the incentives of competing groups must be carefully aligned with global
organizational goals. For example, group competition such as competition beUveen
departments that are expected to cooperate is a common and unwelcome phenomenon in
organizations where such rivalry leads to inefficient withholding of information and other
forms of intra-organizational warfare. When team competition was used as an incentive
scheme in factories, for example, the resulting hostilities have actually reduced worker
output (King, 1998).

are usually more competitive than individuals (Schopler & Insko, 1992).
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If a choice were made in favor of intergroup competition as an incentive scheme,
proportional prize division may not necessarily be the method of choice even though it
leads to higher cooperation rates for the same prize money than equal prize division. The
egalitarian rule has lower transaction costs because it is not necessary to monitor group
members' input. Monitoring is often impossible or prohibitively costly. In some cases, if
group members' input could be monitored, the collective action problems would cease to
exist, for example, if team members' input into the final product could be identified.
Extensions. What factors exactly are responsible for contribution levels above
equilibrium under intergroup competition? The size of prize, the probability of winning,
or the salience and stability of group membership could all be varied experimentally and
their relative effect assessed. If non-material "groupish" motives are predominantly
responsible for increased contributions under intergroup competition condition (maybe
even for contributions not only exceeding but up to equilibrium levels) then increased
cooperation due to intergroup competition might be achieved through a very low prize,
possibly even a prize that has only symbolic value (such as a star on the screen of
subjects winning a specific round). Observing team sports does indicate that this may be
the case. All this, however, needs to be examined in a planned and systematic manner,
through a series of experiments that are methodologically sufficiently linked to allow
comparison between them. In yet another extension, the assumption of complete
knowledge of the endowments or prize value could be weakened and replaced by the

Of course, there might still be reason to reward the group as a whole in order to encourage
cooperation.
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assumption that only the distributions from which these values are drawn are commonly
known.
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CHAPTERS
GENERAL CONCLUSION

The context of the three experimental studies
All three studies contained in this dissertation are driven by the Nash equilibrium
prediction of noncooperative game theory. Personal (Chapter 2) and environmental
(Chapters 3 and 4) factors that affect deviations from the equilibrium predictions, in the
direction of efficiency-enhancing cooperation, are examined. The general conclusion is
that both personal factors (acquired through natural selection and/or learning) as well as
factors in the typical human social environment further off-equilibrium cooperation.
Behavioral game theory is the primary approach to explain non-equilibrium
behavior observed in experiments and connect it more carefully with game theoretic
models. Recent research in behavioral game theory falls under two categories; First, the
investigation of leaming behavior, that is, how individuals learn to play a game in a
specific situation, and, second, the extension of the concept of utility so that it
incorporates so-called "exotic" preferences such as fairness, altruism, status,
cooperativeness and groupishness (Camerer 1997).
The three experimental essays in this dissertation fall under both categories. A
leaming model is examined in Chapter 4. However, the main focus is on "exotic"
preferences. Individual differences in preferences for reciprocity are examined and
measured in Chapter 2. Indirectly, differences in preferences for reciprocity are also
examined in Chapter 3. There, we examine how the fact that subjects' preferences differ
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affects the dynamics within a cooperating group, and how preferences for
cooperativeness are affected by others' behavior. Tentative conclusions from findings in
Chapter 4 about a psychological effect of intergroup competition might be interpreted as
an "exotic" preference for winning above and beyond what is due to material incentives.
Critique and extensions. Chapter 2
The reasons for individual differences in cooperative tendencies in experiments
and in the real world are doubtless manifold. Clearly, some part is due to learning, as
illustrated by some degree of cultural differences (Blackwell & McKee, 2000; Roth et al.,
1991). However, genetic and physiological factors also cause differences in
cooperativeness (Lykken, 1995; Frank, 1988). With the nature-nurture debate in
psychology still ongoing, the relative impact of any of these factors on cooperativeness
remains obscure. While the predictive power of the Machiavellianism test (discussed in
Chapter 2) meets personality psychologists' standards, Chapter 2 also contains mention
of the fact that the origins of this trait have not yet been clearly established. However, the
trait appears at least partially determined by learning.
The results in Chapter 2 also show that while the trait measure can predict some
of the observed behavioral variance in an experiment, it does not capture all it. There are
several reasons for this. First, so far unreliability in the measurement of all personality
traits has been unavoidable, a fact addressed in the Chapter itself. Second, more than one
personality trait may affect behavior in a given situation. Third, cooperative behavior is
also dependent on other factors, such as on how a trust-game situation is framed and
consequently understood by a subject. It matters, for example, whether a counterpart is
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perceived as a friend or a foe (Bumham, McCabe & Smith, 2000; Eckel & Wilson,
1997). In fact, when subjects of the Machiavellianism-experiment, who mostly were firsttime participants in an experimental economic study, were later brought back into the
same situation, many had learnt from their previous experience. First movers who had
been taken advantage of by second movers became much less trusting''®.
Critique and extensions. Chapter 3
The essay in Chapter 3 is the first of what is envisioned as a series of studies to
examine the dynamics of how group members affect each other's cooperativeness. The
present study gives the necessary initial answers about the effect of others' behavior on
an individual's contribution, unaffected by any other aspects that social structure usually
provides, such as information about the sorting mechanism.
On the other hand, the experimental setup is not very realistic. In real-world
sorting, people know, at least implicitly, the mechanism they are being sorted by. For
example, most people have at least implicit awareness of the sorting and stratifying effect
of education. Further, non-cooperativeness in the real world usually leads to sanctions
and, possibly, exclusion from a cooperating group (Ostrom, 1990). The study in Chapter
3 therefore calls for a follow-up study in which, everything else being equal, subjects
know about the sorting mechanism. A related study by Ehrhart and Keser (1999)
confirms an intuitive hypothesis of what might happen. Ehrhart and Keser describe a
flight of the more cooperative subjects away from the less cooperative ones, while less
cooperative subjects attempt to enter cooperative groups in order to free-ride on

Unpublished results.

159

cooperators' contributions, and efficiency is reduced compared to a condition without
between-group mobility. However, Ehrhart and Keser's study does not directly address
the effect of non-cooperators on individual cooperators' contributions.
A further possible experiment, after a sorting experiment with subjects knowing
the sorting mechanism, would be to systematically study the effect of exclusion and
sanctions. This would require implementing conditions that would resemble a club setting
rather than a VCM in which a public good is provided. A further extension of this line of
studies would be to examine which factors in a VCM cause subjects to perceive likemindedness and expect cooperation from others, similar to the friend or foe-studies in
trust games (e.g., Bumham, McCabe & Smith, 2000)
Critique and extensions. Chapter 4
As mentioned in its conclusion, the study in Chapter 4 would benefit from adding
a fourth condition, with an equilibrium prediction that is as low as under the equal prize
sharing condition already run, but with proportional prize sharing. Such a fourth
condition would permit one to compare contributions across the two different prize
sharing schemes (equal and proportional) while holding equilibrium predictions stable. It
would also allow one to better assess whether intergroup competition generally leads to
over contribution, as it did under the equal prize sharing condition described in Chapter 4.
While it may be intuitive, and certainly in accordance with the psychology literature to
expect irrational "groupishness" due to intergroup competition, this needs to be examined
more thoroughly before such conclusions can be securely drawn in the context of a VCM.
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Finally, the fact that a reinforcement learning model was fitted to the data of
Chapter 4 and a reciprocity model to the data of Chapter 3 invites comparing the fits of
these models both within and across studies. Admittedly, the data in Chapter 3 were only
collected for ten trials, while learning models are typically fitted to data collected over a
much greater number of rounds. However, subjects of both studies were drawn from the
same subject pool, and experimental parameters and procedures were kept as similar as
possible in the two studies' baseline conditions (the random condition in Chapter 3 and
the regular VCM in Chapter 4). This makes it possible to compare them.
The seneralitv of experimental same-theoretic results
Different cultures vary greatly in the extent to which they instill in their members
fairness, joint cooperation, reciprocity and trust (Banfield, 1958; Putnam, 1993).
However, cross-culturalstudies and studies across social strata of the same society in
order to assess the robustness of the behavior in games, and in particular in games used in
this dissertation, have been scarce. Most experiments on behavior in games involve
undergraduate subjects, in particular undergraduates from industrialized countries. The
usual subjects are thus of similar age and social status, live a similar lifestyle, and usually
come from industrialized societies. They resemble each other and at the same time may
be quite different from other groups in their behavior. Of course, the use of college
students as experimental subjects is not particular to experimental game theory, but is
predominant in all disciplines within the social sciences. Problems associated with basing

Culture refers to socially transmitted rules about how to behave in specific circumstances.
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conclusions about human behavior upon findings from this particular group of people
have been repeatedly pointed out (e.g., Gordon, Slade & Schmidt, 1986; Sears, 1985).
Roth, Prasnikar, Okuno-Fujiwara and Zamir (1991) found, in the context of an
ultimatum game, that cross-cultural similarities were predominant, with modal offers
differing only by about 10% of the pie across cultures.'^' Henrich (1999), however,
attributes the similarities found by Roth et al. to the fact that their subjects, while from
different countries, were all university students. He calls for studies involving different
societal strata in order to show the generality of experimental game-theoretic results.
With regard to public goods, Blackwell and McKee (2000) found minor yet significant
differences between cultures studied, with all experiments, however, limited to
industrialized societies. Reviewing a series of cross-cultural studies of both ultimatum
games and public goods in non-industrialized societies, Henrich et al. (2001) recently
concluded that cultural variability is greater than for example the Roth et al. study would
suggest. To my knowledge, trust games have not yet been studied cross-culturally. We
cannot necessarily extrapolate from cross-cultural patterns in ultimatum games and public
goods games to trust games, as even behavior in the former two types of games appears
uncorrelated (Blackwell & McKee, 2000). There is thus no reason to assume a priori that
behavior in trust games correlates with behavior in any of the other two types of games,
and cross-cultural and cross-societal experimental studies of trust games are therefore
called for.

See Cameron (1995) for similar results from Java.
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A further question about the generality of findings in experimental game theory,
which needs to be examined more, is how "exotic" preferences, such as cooperativeness,
are affected by the stakes in the game. Contrary to experimental psychology where
subjects most often go unpaid, the use of financial incentives is the standard method of
experimental economics. However, due to financial constraints, payoffs are fairly
uniform across experiments, and the same applies to the experiments in this dissertation.
As yet, the question about how the actual size of financial incentives affects offequilibrium behavior appears to be open, with results so far apparently disparate and
contradictory. Higher incentives often reduce both errors and behavioral variance in
judgment tasks but in games, the effects of incentives on behavior often are minor,
reducing variance but not changing mean performance (Camerer & Hogarth, 1999).
However, the exact effect of the size of incentives on behavior in games appears to
depend on the specific type of game. Parco, Rapoport and Stein (2000) found, in a
centipede game, that financial incentives do matter, and that higher stakes bring behavior
closer to equilibrium. On the other hand, Hoffinan, McCabe and Smith (1996b) in an
ultimatum game, found no significant difference in fairness if the monetary stakes are
increased ten-fold. Slonim and Roth (1998) discovered that rejections in ultimatum
games decrease with higher stakes, and that, if stakes are high, proposals do decrease as
subjects gain experience. Eckel and Grossman (1992) report that the opportunity cost of
fairness affects women's fairness but not men's. Not surprisingly, Hoffinan, McCabe &
Smith (1996b) reviewing the literature on monetary stakes, concluded that it will
probably be necessar>' to examine the stake question on a "case per case" basis, and
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Camerer and Hogarth sum up the effects of incentives as "mixed and complicated" (p.8).
The same may turn out to apply to cross-cultural differences in cooperativeness. The
results of all three essays in this dissertation must thus be qualified, as subjects in all
cases were drawn from the same subject pool, undergraduates at a specific US university,
who signed up to participate as paid subjects, with payment contingent upon decisions
made during the experiment.
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APPENDIX A: MACH-IV SCALE

1. Never tell anyone the real reason you did something unless it is useful to do so.

strongly

somewhat

slightly

no

slightly

somewhat

strongly

agree

agree

agree

opinion

disagree

disagree

disagree

2. The best way to handle people is to tell them what they want to hear.
3. One should take action only when sure it is morally right.*
4. Most people are basically good and kind.*
5. It is safest to assume that all people have a vicious streak and it will come out when
they are given a chance.
6. Honesty is the best policy in all cases.*
7. There is no excuse for lying to someone else.*
8. It is hard to get ahead without cutting comers here and there.
9. All in all, it is better to be humble and honest than important and dishonest. *
10. When you ask someone to do something for you, it is best to give the real reasons for
wanting it rather than giving reasons that carry more weight. *
11. Most people who get ahead in the world lead clean, moral lives.*
12. Anyone who completely trusts anyone else is asking for trouble.
13. The biggest difference between most criminals and other people is that criminals are
stupid enough to get caught.
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14. Most men are brave.*
15. It is wise to flatter important people.
16. It is possible to be good in all respects. *
17. Bamum was very wrong when he said that there's a sucker bom every minute.*
18. Generally speaking, men won't work hard unless they're forced to do so.
19. People suffering from incurable diseases should have the choice of being put
painlessly to death.
20. Most men forget more easily the death of their father than the loss of their property.
* reverse coded
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APPENDIX B: EXPERIMENTAL INSTRUCTIONS CH. 3
Exact Transcript of Instructions For MPCR = .5 Experiments
This is an experiment in the economics of group decision-making. You have
already earned $5.00 for showing up at the appointed time. If you follow the instructions
closely and make decisions carefully, you will make a substantial amount of money in
addition to your show-up fee.
There will be 10 decision-making periods. In each period, you are given an
endowment of tokens. You need to decide how to divide these tokens between two
accounts; a private account and a public account.
Each token you place in the private account generates a cash return to you (and to
you alone) of I cent.
Tokens that group members invest in the public account will be added together to
form the group investment. The group investment generates a cash return of 2 cents per
token. These earnings are then divided equally between group members. Your group has
4 members (including yourself).
Returns to the group investment are illustrated in the table below. The left
column lists various amounts of group investment; the right column contains the
corresponding personal earnings for each group member.

Returns from the Groun Investment

Total investment by
your group

Return to each group
member
(From group investment)

0

0

20

10
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40

20

60
100
150

30
50
75

200

too

300
400

150

200

Your records:
Your token endowment for each period, as well as your decisions and earnings, will show
on the Record Sheet. Each row on the Record Sheet will represent a single decision
period.

Example;
Assume that, in a specific period, your endowment is 100 tokens. Assume further that
you decide to contribute SO tokens to your private account and SO tokens to the public
account. The other group members together contribute an additional 2S0 tokens to their
public accounts. That makes the group investment 300 tokens, which generates 600 cents
(300 * 2 = 600). The 600 cents are then split equally among the 4 group members.
Therefore, each group members earns ISO cents from the group investment (600/4=1 SO).
In addition to earnings from the group account, each member gets 1 cent for every token
invested in his/her private account. As you invested SO tokens in the private account, your
total profit in this period is ISO + SO = 200 cents. Take a look at the Record Sheet. It
displays the information for this hypothetical period. During the actual experiment,
information will be displayed on the Record Sheet in the same way.
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Each period proceeds as follows:
First, decide on the number of tokens to place in the private and in the public
account, respectively. Use the mouse to move your cursor to the box labeled "Private
Account". To make your private investment, click on the box and enter the number of
tokens you wish to allocate to this account. Do likewise for the box labeled "Public
Account" Entries in the two boxes must sum to your endowment. To change any of your
entries, use the mouse to select what you have previously typed in that box and overwrite.
To submit your investment click on the "Submit" button. You will then wait until
everyone else has submitted his or her investment decision.
Second, once everyone has submitted his or her investment decision, you will be
assigned to a group with 4 members (including yourself). Your total group investment
will then be determined and your experimental earnings calculated.
Third, you will receive a message with your experimental earnings for the period.
This information will also appear in your Record Sheet.
A new period will begin after everyone has acknowledged his or her earnings
message.
After the last period, you will receive a message with your total experimental
earnings (sum of earnings in each period)
This is the end of the instructions. If you have finished reading these instructions,
push the red bar below.
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APPENDIX C: EXPERIMENTAL INSTRUCTIONS CH. 4

Group Decision Making Experiment
Instructions

You are about to participate in a group decision experiment that involves ty^
types of interaction: WITHIN-group interaction and BETWEEN-group interaction.
Your payoff for each round of the experiment will therefore come from two
sources, the within-group interaction and the between-group interaction. The payoff will
depend on your decision, the decisions made by other members of yoi/r group, and the
decisions made by the members of mother group.
Payoffs from the experiment are given in tokens, which will be converted to US
dollars at the end of the experiment. There will be many decision rounds, all structured in
exactly the same way. Below are the rules of the game that determine your payoff for
each round.

Rules of the game and computation of payoffs.
Before each round, each participant in the experiment will be randomly assigned
to a group of four. Your group will then interact with another group of four to which
members have also been randomly assigned. At the beginning of each round, each
participant will receive an investment capital of 50 tokens. They then must decide how
much of it to invest. You may invest any number of tokens between 0 and 50. The
remaining part of your investment capital is yours to keep.

1. Within-group interaction.
With their investments, members of each group of four generate a within-group
payoff. The within-group payoff is paid out to all individual members of a group and is
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the same for all of them. The size of the within-group payoff is determined by the
following ratio;

Group's total investment
Group's total investment capital
Which amounts to:

Group's total investment
4x50

—

Group's total investment
200

As investments may not exceed investment capital, this ratio can never be larger than 1.
The ratio can also not be smaller than 0. In order to compute the within-group payoff to
each group member, this ratio is multiplied by 100 tokens.
Therefore, your earnings from the within-group interaction will be computed as
follows;

Your investment

—

Your investment
capital (50 tokens)

r
>
Group's total investment x 100
200

The expression in the first parenthesis is the number of tokens you keep after making
your investment. The expression in the second parenthesis is the within-group payoff.
You can see from this formula that the within-group payoff to each member
reaches its maximum of 100 tokens if all group members contribute their entire
investment capital. It follows that if all group members contribute their entire investment
capital, each group member earns 100 tokens from the within-group interaction. If all
group members contribute nothing, each earns 50 tokens from the within-group
interaction, because each kept his or her investment capital for him/herself.
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2. Bet>veen-group interaction with another group.
As mentioned earlier, at each round, your group will be randomly paired with another
group of four. Either your group or the other group will get a between-group payoff of 208
tokens. In each round, only one of the two groups can obtain this payoff.
I.) A group's probability of obtaining the between-group payoff The computer will
assign the between-group payoff either to your group or to the other group, via a lottery. This
means that a group can never guarantee itself the between-group payoff However, by increasing
your investment, you can increase your group's probability of obtaining this payoff. A group's
probability of obtaining the between-group payoff is calculated according to the following
formula:

Probability of
=
Group A getting the
bet^veen-group payoff

Group A's total investment
Group A's total investment + Group B's total investment

Of course, the two probabilities (of Group A getting the between-group payoff and of
Group B getting the between-group payofO always sum up to one.
II.) Allocating the between-group pavoff fin case your group obtained that payoff).
Members of the group that was awarded the between-group payoff will receive a share of the
between-group payoff of 208 tokens, in proportion to their individual investments. The exact
calculation of a group member's share in the between-group payoff is as follows

IndividuaPs share
in between-group payoff

IndividuaPs investment
Group's total investment

X

208

In other words, a group member's share in the between-group payoff is in exact proportion to
his/her contribution to the group's total investment.

3. Comouting total earnings per round.
Your total earnings per round are the sum of your earnings from the vv/'rAm-group
interaction and from the 6eAvee/i-group interaction (in the event your group was awarded
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the between-group payoff). That is, total earnings are computed according to the
following formula:

r
Total earnings
per round

•N

+

Within-group
earnings
J

r
Individual's share in
behveen-group payoff
(if any)
v.

4. General:
I.). Group membership. To remind you, the composition of your group and of the other
group changes before each round, because each participant in the experiment will be randomly
re-assigned to a new group of four.
II.V Numbers. When making investment decisions, use whole numbers. Earnings in
tokens will be rounded to the nearest whole number.
III.) Anonymity. All decisions during the experiment are anonymous. You will ne\'er
know the identity of other members of your group or of the other group. Also, you will only
receive information about the total group investment but not about individual investments.
IV.) Managing your decision task. Before the actual experiment, you will take a computer
quiz to assure that you understand the payoff computations. You may refer back to the
instructions at any time during the quiz and during the experiment, and you may take notes at
any time. Calculator use is allowed throughout.
V.) Experimental earnings. A the end of the experiment, tokens will be converted to USS
at a rate of 100 tokens =

USS. You will be asked to sign a receipt for the money and

complete a brief questionnaire before leaving the laboratory.

If you have any questions, please raise your hand and an experimenter will assist you.

Attached; An example of earnings computations for one round, for members of a hypothetical
group of four. NOTE: The numbers (hypothetical investments) in this example are not identical
to the numbers in the computer quiz which you are about to take.
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APPENDIX D: INDIVIDUAL CONTRIBUTIONS PER ROUND (CH. 4)
Contribution per round
no group competition subject 1

1

1

\
1

111
5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77

Contribution per round
no group competition subject 2

1

5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77

Contribution per round
no group competition subject 3
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Contribution per round
no group competition subject 4
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Contribution per round
no group competition Subject 6
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40
30
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Contribution per round
no group competition subject 7
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Contribution per round
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Contribution per round
no group competition subject 15
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contribution per round
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contribution per round
equal sharing subject 7
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contribution per round
equal sharing subject 9
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contribution per round
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APPENDIX E: INDIVIDUAL CONTRIBUTIONS PER BLOCK

Mean contribution per block of ten rounds
no competition subject 1
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50

:

c

0

;
1

^
2

^
3

^
4

^
5

^
6

^
7

8

Block #

Mean contribution per block of ten rounds
no competition subject 8

50
c 40
o
a

a

c
o

u
U

I
1

2

3

4

5

Block #

6

7

8

194

Mean contribution per block of ten rounds
no competition subject 9
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Mean contribution per block often rounds
no competition subject 15
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Mean contribution per block often rounds
equal sharing subject 1
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Mean contribution per block of ten rounds
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Mean contribution per block often rounds
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proportional sharing subject 15
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APPENDIX F: TABLES
Table 1.1a
A numerical example of a social dilemma where non-contribution is the dominant
strategy
Table 1.1b
A numerical example of a group situation where full contribution is the dominant
strategy
Table 2.1
Mach-IV scores in our sample; Compared to Christie's 1964 sample of college students
(Standard deviations, if available, are in parentheses)
Table 3.1
Experimental design Chapter 3
Table 3. 2
Mean net group contributions by experiment and type
Table 3. 3
Estimated contribution decision rules^
Table 3.4
Mean number of free-riders encountered by cooperators per round
Table 4.1
Experimental conditions and parameters
Table 4. 2
Average Contributions per block and in first and last round
Table 4.3a
Individuals' use of feedback under the equal sharing rule at round t (standard errors in
parentheses)
Table 4.3b
Individuals' use of feedback under the proportional sharing rule at round t (standard
errors in parentheses)
Table 4.4
Players by type and by condition
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Table 4.5a
Learning effects. Joint analyses for all experimental conditions (standard errors in
parentheses)
Table 4.5b
Learning effects. Separate analyses for experimental conditions (standard errors in
parentheses)
Table 4.6
Parameters and fit measures by condition

4
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Table I.la

A numerical example of a social dilemma where non-contribution is the dominant
strategy

Group members' earnings
Contributors

Total amount inyested
in group account

A

B

C

A, B,C

30

10

10

10

A,B

20

6.6

6.6

11.6

A

10

3.3

8.3

8.3

Nobody

0

5

5

5

Table 1.1b
A numerical example of a group situation where full contribution is the dominant strategy

Group members' earnings
Contributors

Total amount inyested
in group account

A

B

C

A, B,C

30

20

20

20

A,B

20

13.3

13.3

18.3

A

10

6.6

11.6

11.6

Nobody

0

5

5

5

Table 2.1
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Mach-IV scores in our sample: Compared to Christie's 1964 sample of college students
(Standard deviations, if available, are in parentheses')
Univ. of Arizona

1964 College sample

N

1593

1744

Median age

18

19

% Female

61.2

51.7

Avg. score females

90.77 (12.3)

87.69

Avg. score males

96.69(13.5)

93.94

Avg. score whole sample

93.00(13.1)

90.12* (14.33)

""Weighted to match male-female proportions in Arizona sample

Table 3.1
Experimental design Chapter 3

Matching Condition

MPCR

Random
Sorted

0.3
O.S
0.75
3/36/360* 5/60/600 3/36/360
3/36/360 5/60/600 3/36/360

*a/b/c wherea = number of sessions,
b = number of subjects, and
c = number of observations.
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Table 3. 2
Mean net group contributions by experiment and type
Condition/Roun
d
MPCR=0.3
Random-CO
Random-FR
Sorted-CO
Sorted-FR

1

2

3

4

5

6

7

8

9

10

126
120
193
45

93
84
180
37

91
100
166
41

100
68
134
35

39
62
147
46

25
37
128
24

33
29
130
36

17
29
133
23

13
25
118
27

14
12
118
15

MPCR=0.5
Random-CO
Random-FR
Sorted-CO
Sorted-FR

172
154
192
67

189
148
194
96

178
142
205
143

148
145
205
144

133
110
213
156

144
105
218
159

131
118
202
139

113
91
203
154

104
73
218
126

94
92
197
117

MPCR=0.75
Random-CO
Random-FR
Sorted-CO
Sorted-FR

203
153
203
65

188
180
209
87

212
222
205
91

203
203
221
79

202
198
230
119

187
201
236
103

176
148
239
89

165
147
231
128

168
142
224
76

177
158
194
85

'Average group contributions net of own contributions. "CO" indicates cooperator, and "FR" indicates free-rider.

Table 3. 3
Estimated contribution decision rules'

Coefficient

Coooerators

Free Riders

Constant

-1.63
(-0.40)

-12.34
(-3.61)

MPCR=0.5

10.99
(4.74)

2.82
(1.51)

MPCR=0.75

14.26
(5.57)

-1.95
(-0.60)

Round

-0.53
(-1.51)

-0.88
(-2.17)

Lagged Individual
Contribution

0.33
(2.90)

1.02
(8.35)

-0.0010
(-0.90)

-0.0093
(-5.56)

Lagged Net Group Contribution

0.16
(3.75)

0.18
(3.91)

Lagged Net Group Contribution
Squared

-0.0007
(-3.98)

-0.0006
(-3.00)

Lagged Individual* Lagged
Group Contribution

0.0032
(6.194)

0.0035
(5.83)

33.51

23.92

Lagged Individual
Contribution Squared

Wt

* t-statistics in parentheses.

Table 3. 4
Mean number of free-riders encountered bv cooperators per round

MPCR=OJO
Sorted
Random

0.70
1.71
MPCR=0.50

Sorted
Random

0.70
0.82
MPCR=0.75

Sorted
Random

0.40
0.51
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Table 4.1
Experimental conditions and parameters

Experimental condition:
Regular public

VCM with superimposed

VCM with

goods situation, no

inter-group competition

superimposed inter-

competition

with egalitarian prize

group competition

(baseline)

division scheme

with proportional
prize division
scheme

4

4

4

n

16

16

16

Endowment

e=50

e=50

g=100

g=100

g=100

Prize

—

P = 208

P = 208

# decision rounds

80

80

80

Nash equilibrium

xi = 0

II
o

Group size

Maximum amount
of public good
generated within a
group

Y—

contribution for

p
f

-1

^

paired competing

im-i)

groups*:
Nash equilibrium
contribution for

0 tokens

6.5 tokens

specific parameters
used:
Xi is an individual group member's Nash equilibrium contribution

45.5 tokens
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Table 4. 2
Average Contributions per block and in first and last round

Block #

No competition

Mean

SD

Equal prize

Proportional prize

distribution

distribution

Mean

SD

Mean

SD

1

20.898

18.67

29.64

17.22

41.24

10.65

2

15.71

18.59

26.52

16.687

40.37

13.11

3

13.120

16.05

24.09

16.03

37.53

15.80

4

14.67

16.29

23.54

17.39

38.93

14.32

5

13.57

16.31

24.34

16.95

38.52

15.52

6

12.51

15.84

25.22

16.91

38.79

14.07

7

9.86

14.94

21.48

16.56

38.98

14.40

8

8.66

14.94

21.14

16.04

40.11

13.96

Round 1

25.62

16.01

26.56

18.50

37.38

10.90

Round 80

6.31

13.30

21.62

16.99

41.88

11.38

Over all

13.62

16.84

24.49

16.88

39.31

14.06

rounds
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Table 4.3a
Individuals' use of feedback under the equal sharing rule at round t (standard errors in
parentheses')
Subject
#

1
2
3

4
5
6
7
8
9
10
11
12

Constant

Round #

Win 0/1
att-l

Individual
contrib.
at t-1

25.21***
(4.03)
-0.73
(4.44)
15.55
(9,56)
0.74
(0.47)
14.25
(13.72)
10.74
(7.59)
18.36**
(6.28)
13.96***
(2.04)
13.36***
(3.89)
30.69***
(9.14)
16.13**
(5.34)
22.02***
(8.69)

-0.0005
(0.11)
0.009
(0.04)
0.14
(0.08)
-0.007
(0.004)
-19
(0.12)
0.07
(0.06)
-0.21***
(0.05)
0.002
(0.01)
-0.02
(0.03)
-0.29***
(0.08)
-0.07
(0.04)
0.06
(0.07)

0.22
(0.47)
2.013
(1.56)
-6.42
(3.61)
-0.15
(0.17)
2.13
(5.49)
0.85
(2.87)
1.23
(2.16)
0.53
(0.45)
0.85
(1.17)
-4.92
(2.84)
2.98
(1.76)
4.87
(3.16)

0.26*
(0.11)
0.40***
(0.11)
0.19
(0.12)
0.48***
(0.10)
0.06
(0.14)
-0.04
(0.13)
0.26*
(0.12)
0.03
(0.12)
0.54
(0.10)
0.22
(0.12)
0.37***
(0.10)
-0.07
(0.12)

Own
group's
contrib.
at t-1
-O.OlO
(0.008)
0.009
(0.03)
0.07
(0.07)
-0.003
(0.003)
0.02
(0.11)
0.03
(0.05)
-0.05
(0.04)
-0.005
(0.008)
-0.01
(0.02)
0.008
(0.05)
0.004
(0.03)
0.10
(0.06)

46.33***
(7.56)
19.88**
(6.60)
11.54
(7.59)

-0.29***
(0.06)
-0.18**
(0.56)
-0.10
(0.06)

-2.14
(2.25)
-0.14
(2.35)
4.40
(2.77)

-0.06
(0.12)
0.28
(0.10)
-0.10
(0.11)

-0.03
(0.4)
0.15***
(0.04)
0.08
(0.05)

Competing
group's
contrib.
at t-1
0.014
(0.008)
0.009
(0.037)
0.03
(0.05)
-0.0008
(0.003)
-0.09
(0.08)
0.05
(0.04)
-0.01
(0.05)
0.002
(0.007)
0.008
(0.02)
0.015
(0.05)
-0.02
(0.03)
0.04
(0.05)

0.06
(0.34)
-0.10
(0.04)
0.14**
(0.04)

R'
(adjusted)

0.13
0.23
0.17
0.28
0.09
0.03
0.30
0.25
0.33
0.40

0.18
0.03

13
14
15
16

• p < 0.05, •• p < 0.01, * * * p < 0.001

0.33
0.52
0.20
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Table 4.3b
Individuals' use of feedback under the proportional sharing rule at round t (standard
errors in parentheses)
Subject
#

Constant

1

7.05
(11.86)
5.12*
(2.27)
30.84 •
(12.76)
28.78**
(11.25)
67.27***
(15.87)
18.39
(21.54)
12.25
(21.50)
13.68**
(4.69)
19.76**
(6.69)
0.51*
(20.76)
38.67***
(10.71)

0.021
(0.053)
-0.002
(0.006)
-0.02
(0.06)
0.22***
(0.059)
-0.26***
(0.07)
0.05
(0.09)
-0.22*
(0.10)
0.11***
(0.02)
0.07*
(0.03)
-0.13
(0.10)
0.03
(0.46)

0.66
(0.25)
-0.41
(0.26)
1.77
(2.81)
-0.12
(2.35)
12.67***
(3.73)
11.85**
(4.27)
7.47
(4.66)
2.25**
(0.71)
-0.9
(1.12)
5.43
(4.81)
0.05
(2.60)

--

—

—

2
3
4
5
6
7

8
9
10
11
12
13

Round #

Win 0/1
at t-1

28.23
-0.09
-2.94
(17.75)
(0.08)
(4.25)
14
15.62*
-0.03
4.48***
(6.74)
(0.26)
(1.19)
15
48.78**
0.003
-0.48
(8.80)
(0.03)
(1.63)
16
11.47*
-0.02
3.75***
(4.92)
(0.02)
(0.84
•p<0.05, ••p<0.0] , ***p < O.fl 01

Indl.'s
contrib.
att-1
0.24*
(0.12)
0.87***
(0.047)
0.42***
(0.11)
0.12
(0.12)
-0.29**
(0.12)
-0.14
(0.18)
-0.30*
(0.15)
0.49***
(0.10)
0.45***
(0.10)
0.37*
(0.13)
0.06
(0.12)

group's
contrib.
att-1
0.09
(0.57)
0.004
(0.005)
-0.05
(0.06)
-0.01
(0.05)
-0.11
(0.06)
0.05
(0.10)
0.21*
(0.09)
-0.001
(0.02)
0.01
(0.24)
-0.07
(0.96)
0.04
(0.04)

Competing
group's
contrib.
at t-1
0.04
(0.93)
-0.003
(0.005)
-0/04
(0.05)
0.002
(0.04)
-0.06
(0.07)
0.07
(0.08)
0.03
(0.09)
0.03*
(0.013)
0.01
(9.02)
-0.12
(0.09)
-0.008
(0.4)

"

—

"

—

0,.42*»
(0.13)
0.22*
(0.10)
0.22*
(0.11)
0.45***
(0.09)

-0.01
(0.09)
0.08***
(0.024)
-0.03
(0.03)
0.03
(0.02)

-0.03
(0.07)
0.01
(0.22)
0.03
(0.03)
-0.005
(0.0^

0.13

Onvh

R'
(adjusted)

0.10
0.88
0.19
0.26
0.26
0.12
0.18
0.74
0.43
0.21
0.03

0.41
0.08
0.54
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Table 4.4
Players bv type and bv condition

Player #
No
competition
Strong
1,5,12
Nash
players
Weak Nash 2. 3.6, 8. 13,
players
Learners
4, 7, 9,11,
14.
Cooperator 10,15, 16
s
Not
classifiable

Equal
sharing
none

Total n umber (percentages)
ofr/pe per condition
Equal
Proportiona
Proportional
No
sharing
1 sharing
sharing
competitio
n
0 (0%)
6 (38%)
3 (19%)
2,5,9,11,
12,15

1.4,6, 8,14, 5(31%)
16
5(31%)
4,5, 10,11, none
14, 15, 16
1,9,12,13
3 (19%)

4 (25%)

6 (38%)

7 (44%)

0 (0%)

3

1 (6%)

2 6, 7, 8

3,7, 10,13,

none

4 (25%)
4 (25%)
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Table 4.5a
Learning effects. Joint analyses for all experimental conditions (standard errors in
parentheses)

Same slope
for all
conditions
17.05»»

Different slope
for each
condition
19.44**

(0.63)

(0.89)

2.) "competition"

10.87**

8.90**

(add if competition)

(0.63)

(1.26)

3.) "proportional"

14.81**

11.60**

(add if proportional prize division)

(0.63)

(1.26)

4.) Round number

-0.085**

-0.14**

(0.01)

(0.02)

1.) Intercept

5.) "Round nr. x competition"

+ 0.05

(add if competition)

(0.03)
+ 0.08*

6.) "Round nr. x competition x proportional"

(0.03)

(add if proportional prize division)
N

48

48

R^ (adjusted)

0.31

0.32

• p < 0.05

••p<0.000

Table 4.5b
Learning effects. Separate analyses for experimental conditions (standard errors in
parentheses^

Regular
VCM

Equal prize

Proportional

division

prize
division

19,44 ••

28.34^»

39.94 ••

(0.93)

(0.95)

(0.79)

-0.14**

-0.095 **

-0.015

(0.02)

(0.02)

(0.02)

n

16

16

16

R^(adjusted)

0.04

0.02

0.00

Intercept

Round #

•p<0.05

••p<0.000
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Table 4.6
Parameters and fit measures by condition

Group competition with
Group competition with

proportional prize

Regular VCM

equal prize division

division

S(l)

10.00

10.00

0

e

0.00

0.00

0.00

8

0.31

0.40

0.22

Sqrt[(x-x')Vt] *

3.49

2.62

3.37

^Square root of average squared deviation between model and actual data
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APPENDIX G - FIGURES
Figure l.l
Two-person Prisoner's Dilemma
Figure 1.2
A simple dynamic game (trust game)
Figure 1.3
An example of a centipede game (See Rosenthal, 1991)
Figure 1.4
An extensive-form trust game (McCabe, Rassenti & Smith, 1996)
Figure 2.1
Frequencies of trust and reciprocity in the $10 trust game - unscreened subjects
Figure 2.2
Frequencies and percentages of trust and reciprocity, by type, for high (H), and average
to low (AL) Mach Scores
Figure 3. 1
Goodwill accounting
Figure 3. 2
Average contribution for each round by grouping mechanism and MPCR
Figure 3.3
Contributions by type
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Figure 1.1
Two-person Prisoner's Dilemma (numerical entries show payoffs for the row player,
followed by oavoffs for the column plaverV

Column player

Row Player

C

D

C

3,3

1,4

D

4.1

2,2
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Figure 1.2
A simple dynamic game (trust game)

$ 10
$.10

Figure 1.3
An example of a centipede game (See Rosenthal. 1981)

Figure 1.4
An extensive-form trust game (McCabe. Rassenti & Smith. 1996)

Payoffs

Player Id's

[^60. 30

I

JO. 50

J
J

[20,20]

[0,0]

[0,0]
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Figure 2.1
Frequencies of trust and reciprocity in the S10 trust game - unscreened subjects

12/24 = 50%

12/24 =
^9/12 = 75%:

3/12 = 25%

$0
$ 40
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Figure 2.2
Frequencies and percentages of trust and reciprocity, bv type, for high (H). and average
to low (AL) Mach Scores

AL: 55/103 = 53.4%
H: 14/28 = 50%

AL:26/48=54.2%
H: 5/18 = 27.8%

AL: 48/103=46.6%
H; 14/28 = 50%

$15
$25
AL: 22/48 = 45.8%
H: 13/18 = 72.2%

$ 0

$40
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Figure 3. I
Goodwill accounting

MAX

P,(a i)r(n-l)gr Cfll-rlgj)

0^ gi^Wj

A. Different Cost FunctionsiCi*, j= 1,2,3.

S

W:

B. Different Goodwill

S

a '<a <a
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Figure 3. 2
Average contribution for each round bv grouping mechanism and MPCR
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Figure 3.3
Mean contributions by type
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Figure 3. 4
Free-riding and cooperative decay bv MPCR and grouping condition
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Figure 3. 5
Payoff efficiencies by type
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Figure 3.5 cont.
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Figure 3. 5 cont.
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Figure 4.1
Mean contributions per condition and per round

No intergroup competition, mean contribution
per round
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Figure 4.1 cont.

Proportional sharing rule, mean contribution per
round
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Figure 4.2
Comparing the decline in contributions over rounds in the present study and in Chapter 3

Chapter 3

!

Present study I

Round #
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Figure 4.3
Median contributions per round and per condition

No intergroup competition, median contribution
per round
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Equal sharing rule, median contribution per
round
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Figure 4.3 cont.

Proportional sharing rule, median contribution per
round
50
45
NE = 45.5
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Figure 4.4
Percentage of full contributors per round

No competition • percentage of full contributors
per round
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4.4b
Proportional sharing rule • percentage of full
contributors by round
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Figure 4.5
Percentages of non-contributors per round

No group competition • percentage of zerocontributors per round
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Figure 4.5 cont

Proportional sharing rule- percentage of zerocontributors
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Figure 4.6
Percentages of individual contributions on equilibrium band

Equal sharing rule- percentage of contributions
>= 5 and < 10.
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Figure 4.7
Average standard deviations over subjects per block

Average standard deviations over subjects and per
block
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The average standard deviation of individual subjects over ten rounds in
Chapter 3 was 10.46 (adjusted for differing size of endowment between the
two studies)
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Figure 4.8
Strategy choice bv frequency, over all conditions, subjects and trials.
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Figure 4.9
Observed mean contributions compared with contributions as predicted bv the learning modeK
bv condition
Regular VCM
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