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I. Introduction

In the context of individual and group decision making, the existence of social
dilemmas imply a divergence between expected outcomes and outcomes that would be
optimal from the perspective of the group. The existence of social dilemmas and the degree
of predicted suboptimality depends on three components of the decision situation: (1) the
existence of a physical domain in which there are externalities in production or consumption,
(2) modes of behavior in which individuals make decisions based on calculations that do not
fully incorporate the utilities of others, and (3) an environment or institutional setting that
does not create incentives for internalizing such externalities into each individual's decision
calculus.

Externalities occur when the actions of one individual create a positive (negative)
impact on other individuals. Such externalities create a divergence in the private costs or
benefits from an action and the full social costs or benefits from that action. When
individuals make choices that do not fully account for all social costs or benefits, then-
choices lead to outcomes that are suboptimal from the perspective of the group. The
empirical significance of social dilemmas thus depends on the physical characteristics of the
externalities created in a given situation, the paradigmatic mode of behavior of individuals
in that situation, and the incentives created by the institutions governing the situation-

Drawing on results from several laboratory studies, this paper explores the links
between these components of a social dilemma in the context of two stylized decision
situations; public goods and common pool resources. These two situations offer several
contrasting characteristics that shed light on the process of group and individual decision
making and on the empirical significance of social dilemma problems. Public goods are
man-made facilities (or services) where the production of the public good by one individual
(or contribution to provision) creates an external benefit that is shared by other
individuals.1 Common-pool resources are natural or man-made resources in which
appropriation by one individual creates an external cost on other users. Exclusion from
obtaining external benefits in the case of public goods or exclusion from the resource in the
case of common-pool resources is considered to be infeasible or nontrivial from either a
technological, constitutional, or economical perspective. Both situations are generally
assumed to create a social dilemma due to the externalities created by individuals in their
production or appropriation decisions. This prediction is based on a paradigm of self
interested behavior and an institutional structure that does not yield individual incentives
in accordance with group optimality. Under production is predicted in the case of public
goods and over appropriation is predicted in the case of common pool resources.

This paper is organized around four principal sections. In the next two sections, the
laboratory decision situation, theoretical benchmarks, and summary observations are
presented for the public goods and common-pool resource environments. Following this
summary discussion, a closer look is taken at individual decisions in these two environments.
Following the discussion of experimental results, issues related to differences in behavior
across these two social dilemmas situations are addressed.





Summary Results - VCM

Consider first the set of experiments where zero tokens allocated to the group
account is the Nash equilibrium prediction. Behavior from experiments involving groups of
size 4, 10, 40, and 100 yield the following summary conclusions.

1. Depending upon specific parameterizations, replicable behavior is observed
where allocations are very near the predicted outcome of zero allocations to
the group account or are significantly above zero allocations to the group
account.

2. Allocations to the group account are either unaffected by MPCR or are
inversely related to MPCR.

3. Holding MPCR constant, allocations to the group account are either
unaffected by group size or are positively related to group size.

4. Increasing group size in conjunction with a sufficient decrease in MPCR leads
to lower allocations to the group account.

5. There tends to be some decay (but generally incomplete) to the predicted
outcome of zero allocations to the group account.

6. Even with a richer information set regarding the implications of alternative
allocation decisions, highly experienced subject groups continue to follow a
pattern of behavior generally inconsistent with the predictions of the complete



information Nash model.

7. Inconsistent with models of learning, the rate of decay of allocations to the
group account is inversely related to the number of decision rounds.

Now turn to experiments in which the Nash prediction is interior — a positive allocation to
the group account

8. In experiments in which the Nash prediction of tokens allocated to the group
account is a relatively small percentage of total token endowments (less than
50%), allocations to the group account tend to follow a pattern of being
greater than the Nash prediction, but with some decay in the direction of the
Nash prediction over decision rounds.

9. In parameterizations in which the Nash prediction of tokens allocated to the
group account is a relatively large proportion of total endowments, allocations
to the group account tend to fall below that predicted by the Nash
equilibrium.

In summary, results from this VCM setting (with minimal institutional structure in regard
to coordinating decision making by group members) reveals a pattern of behavior in which
provision of the public good is above that predicted by complete information noncooperative
game theory. This result is contingent, however, on the particular parameterizations
investigated. In experiments with a sufficiently low MPCR or with an interior Nash
equilibrium that requires a high percentage of tokens being allocated to the public good, the
patterns of behavior are more supportive of game theoretical predictions (at least at the
level of aggregate group behavior).

II. Common Pool Resources

The Decision Environment - CPR

Contrast the CPR appropriation game with the VCM game.4 In the appropriation
game, subjects are endowed each decision round with a specified number of tokens that are
to be divided between two markets. Market 1 is described as an investment opportunity in
which each token yields a fixed (constant) rate of output and each unit of output yields a
fixed (constant) return. Market 2 (the CPR) is described as a market that yields a rate of
output per token dependent upon the total number of tokens invested by the entire group.
Investments in Market 2 can be though of as appropriating units from the CPR. Subjects
are informed that they receive a level of output from Market 2 that is equivalent to the
percentage of total group tokens they invest. Further, subjects know that each unit of output
from Market 2 yields a fixed (constant) rate of return. Prior to each decision round,
subjects know the total number of decision makers in the group, that individual endowments
are equal, and total investments in Market 2 for all prior decision rounds.





behavior converges to the Nash equilibrium.

III. Taking a Closer Look

The summary conclusions reported above are derived from the aggregation of data
from numerous laboratory sessions, across numerous designs. In this section, we take a
closer look at decisions in these two dilemma situations by focusing on the data from two
illustrative experimental sessions. This analysis has two purposes. It gives the reader a
better understanding of the types of dynamics observed in both individual and group
behavior. It also allows one to address questions related to behavior (and resulting
outcomes) across the two decision situations. Because the experiments come from two
different research programs, the experimental designs do not lend themselves to
comparisons that are strictly "parallel" in an experimental sense. Nevertheless, the data
suggests behavioral, physical, and institutional differences between the two settings that are
relevant to our understanding of differences between the two dilemma situations.

To draw comparisons, focus on two components of each decision situation: (1)
aggregate behavior and its relation to efficiency in provision of the public good
(appropriation from the CPR); and (2) individual behavior and its relation to behavior that
would yield the collective optimum.6 To increase the "parallelism" between the two
situations, we examine parameterizations in which both the Nash and group optimal
allocations are interior. That is, in both situations the Nash and the group optimal
allocation (investment) of tokens calls for a division of tokens between decision alternatives.

The Public Goods Experiment

The public goods experiment illustrated in this section is parameterized with 5
subjects, participating in 20 decision rounds. Each subject is endowed with 125 tokens per
round. Figure 4 shows the summary information subjects see regarding potential payoffs
from individual and group allocations to the private and group accounts. In this particular
parameterization, the non-cooperative Nash equilibrium yields a predicted group allocation
to the group account of 100 tokens, with a resulting yield from the group account equal to
42% of group optimum. The group optimum is achieved with an allocation of 420 tokens
to the group account.

This experimental session is illustrative of many other public goods experiments in
two essential ways. First, as shown in the top panel of Figure 5, aggregate group allocations
yield returns from the public good that are in excess of the Nash equilibrium prediction, but
less than optimal.7 Across, the 20 decision rounds, allocations to the group account yield
an average return from the group account equal to 92.5% of optimum. Second, as shown
in the lower panel of Figure 5, individual decisions vary considerably across subjects and
across decision rounds. As one can see, however, subjects 2,3, and 4 tend to follow a more
consistent pattern of "cooperative" play - especially subject 4. In early rounds, subjects 1
and 5 make decisions that are somewhat cooperative. By round 6, however, these two
subjects begin to follow a pattern of play that is essentially noncooperative. In early rounds,
it is the group allocations by all subjects that yield near optimal returns in provision of the



group good. Even in later rounds, subjects 2, 3, and 4, faced with noncooperative play of
1 and 5, continue to make allocations to the group account that maintain a level of provision
generally over 90% of optimum.

The CPR Experiment

The CPR experiment, illustrated in this section, is operationalized with 8 subjects,
participating in 20 decision rounds. Each subject is endowed with 25 tokens per decision
round. Refer to Figure 3 for the type of summary payoff information subjects see in this
experiment. In this particular parameterization, the symmetric non-cooperative Nash
equilibrium yields a predicted investment of 8 tokens per subject in Market 2, with a
resulting yield from the CPR equal to 39% of optimum. Optimal investment in Market 2
occurs with an overall group investment of 36 tokens.

This experimental session is illustrative of other CPR experiments in several ways.
First, as shown in the top panel of Figure 6, aggregate group investment in Market 2 yields
returns from the CPR that fall well below optimum, in some rounds well below that
predicted at the Nash equilibrium. Across, the 20 decision rounds, investments in the CPR
yield an average return equal to -28.2% of optimum. Yields are especially low in early
rounds. Even in later rounds, however, yields remain well below optimum and somewhat
lower than predicted by the Nash equilibrium. Second, yields tend to follow the pulsing
pattern described in the summary results discussed above. Third, as shown in the lower
panel of Figure 6, individual decisions vary considerably across subjects and across decision
rounds. As one can see, however, following round 1, subjects 3 and 5 tend to follow a more
consistent pattern of "cooperative" play, while subjects 1, 2, 7, and 8 follow investment
patterns that are clearly noncooperative. Subjects 4 and 6 follow investment patterns that
oscillate between cooperative and noncooperative. Finally, in later rounds of the experiment,
when aggregate investments tend to fall to a level closer to the Nash prediction, there
remains considerable variation at the individual level.

IV. Reflections on Public Good and CPR Situations

The summary data presented in section II and data from the individual experiments
presented in section IQ offer somewhat of a puzzle in regard to behavior. In experiments
utilizing subjects drawn from virtually the same population, with very similar payoff
potentials, VCM public goods experiments yield outcomes with efficiency of resource use
considerably higher than that observed in the CPR experiments. This occurs in two
situations where the Nash equilibrium prediction yields virtually the same efficiency of
resource use.

One explanation for this discrepancy may lie in the fact that the VCM and CPR
applications of the theory - complete information noncooperative game theory - may
account for the behavior of many individuals, but not all. Rationales for the discrepancy
between the theoretical prediction and behavior of some individuals include: (1) some
players have utility over aspects of the game beyond that characterized by the modelled
payoff function; (2) the game may played as one of incomplete information on the part of
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some players regarding the expected play of others, (3) although the game is finite, some
players may view the game as if it were to be infinitely repeated. Each of these possible
explanations complicates the expected play of the game and leads to games with multiple
equilibria. The play of these 'nontheoretical' players prevents convergence to a single
theoretical equilibrium, and the impact of such players can be decision setting/institution
specific. That is, out of equilibrium play can have very different consequences across
situations and across different parameterizations within a situation.

Contrast, for example, the 25 token CPR experiment illustrated in Section m, with
a different parameterization in which subjects are endowed with only 10 tokens each.
Results from such an experiment are presented in Figure 7. Notice in this experiment that
yields are significantly higher than that observed in the 25 token endowment experiment
Assume that in the CPR game, some players are trying tacitly to reach a cooperative
solution to the game. Noncooperative players reap (at least short-term) benefits from taking
advantage of such players by investing more heavily in the CPR. In the low-endowment
CPR game, however, there are clear constraints on an individual's ability to unilaterally
defeat (take advantage of) such an attempt In the high-endowment parameterization, an
individual's strategic "leverage" is increased. One or two players can invest sufficiently in
the CPR to take full advantage of attempts at cooperation, yielding an aggregate result that
is near the inefficient game equilibrium. Thus, as individual decision makers are endowed
with (or invest in) a greater capacity to utilize the commonly held resource, or as the
number of appropriators increases, the ability of a subset of individuals attempting to foster
cooperative use of the resource may be severely restricted.

Now consider the public goods VCM situation. Especially for large groups or groups
in which the optimal level of public goods provision is "small" relative to group endowment,
an individual has very limited strategic leverage to take advantage of cooperative attempts.
For example, consider the two parameterizations of the VCM game illustrated in Figure 8.
In both parameterizations, each individual has the same valuation for the public good
(MPB) and the same endowment, 125 tokens. In the top panel, the decision situation is
parameterized for a game with N=5, in the lower panel N=10. Notice with N=5 the
optimal provision of the public good requires an allocation of tokens to the public good of
67% of total group "wealth." In contrast, with N= 10 optimal provision of the public good
requires an allocation of tokens to the public good of only 37% of total group "wealth."
With N=100, optimal provision of the public good requires an allocation of tokens to the
public good of only 4% of total group "wealth." Further, in such public good situations,
cooperative play by a subset of individuals cannot be offset by noncooperative play by other
group members.

It is the strategic decision space and characteristics of these classes of VCM games
that differ fundamentally from the types of CPR games examined here. Clearly, it is the lack
of subtractability of the pubic good and the subtractability of the CPR that attributes to such
an outcome. Thus, if in the VCM game, players could either contribute toward provision,
or appropriate tokens that have been contributed by others, the strategy space of the game
would be altered in such a way that a noncooperative player could offset attempts at
cooperation by others.



V. Summary Comments

Externalities in consumption and/or production create a divergence in the private
costs or benefits from an action and the full social costs or benefits from that action.
Rational choice theory generally assumes that individuals will make choices that do not fully
account for all social costs or benefits. Individual choices will therefore lead to outcomes
that are suboptimal from the perspective of the group. It follows that the empirical
significance of social dilemmas depends on the actual paradigmatic mode of behavior chosen
by individuals in conjunction with the physical characteristics of the externalities created and
the institutional structure governing the situation.

Drawing on results from several laboratory studies, this paper explores the links
between these components of a social dilemma in the context of two stylized decision
situations; public goods and common pool resources. These two situations offer contrasting
characteristics, yielding insights into the process of decision making and the empirical
significance of social dilemma problems. The experimental evidence suggest that behavior
by individuals in social dilemma situations with institutional settings that do not facilitate
coordination and cooperative behavior can lead to outcomes consistent with pessimistic
predictions of significant suboptimality in allocation of resources.8 However, holding
"institutional sparseness" constant, behavior in such settings can show considerable variation
across individuals, parameterizations within a given institutional setting, and across
institutional settings. Understanding the foundations/explanations for such variations in
behavior is critical to building a positive theory of collective action. Understanding such
variations will require a research approach designed toward separating the independent (and
potentially confounding) affects of: (1) true differences in the modes of behavior of
individuals - modes dependent upon true differences in the calculus of decision making
used by the subjects, (2) differences in how subjects perceive the decision problem -
independent of their paradigmatic mode of behavior, and (3) a continued focus on how
differences in the institutional component of the decision setting affects incentives and
strategic opportunities of subjects.
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ENDNOTES

1. Public good situations can be defined over situations where the shared outcome is either
positive, zero, or negative to recipients. Here we focus on the case where values are positive.

2. The discussion and results presented in this section draws heavily on Isaac, Walker, and
Williams (1994) and Isaac and Walker (1994).

3. There have numerous other studies of public goods provision games using institutional
settings similar to the VCM game described here. For a summary of these papers see
Ledyard (1994).

4. The discussion in this section relies heavily on Ostrom, Gardner, and Walker (1994).

5. See E. Ostrom, Gardner, and Walker (1994) for details of the derivation of this game
equilibrium.

6. For comparison purposes we calculate efficiency as the ratio of actual earnings from the
public good/ (the CPR) relative to that earned at the group optimum. More specifically,
efficiency in the case of public goods provision is [actual earnings from the group account -
the value of those tokens if they had been allocated to the private account]/[earnings from

the group account at the group optimum - the value of those tokens if they had been
allocated to the private account]. Efficiency in the case of the CPR is [actual earnings from
Market 2 - the value of those tokens if they had been in Market l]/[earnings from Market
2 at the group optimum - the value of those tokens if they had been allocated to Market 1].

7. See Isaac and Walker for a discussion of interior Nash experiments in which provision of
the public good is suboptimal relative to Nash.

8. Numerous experimental studies have explored alternative institutional settings for the
VCM and CPR decision settings. See for example Bagnoli and McKee (1991), Dorsey
(1992), Isaac, Schmidtz, and Walker (1989), Ostrom, Gardner, and Walker (1992).


















