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ABSTRACT

The experiments reported in this paper provide strong evidence for the
power of face-to-face communication in a repeated common-pool resource
environment where decisions are made privately. When communication was
provided as a "costless" institution, players successfully used the opportunity
to: (a) calculate coordinated rent improving strategies, (b) devise verbal
agreements to implement these strategies, and (c) deal with non-conforming
players.
In field settings, it is rare that the opportunity to communicate is
costless. Someone has to invest time and effort to create and maintain arenas
for face-to-face communication. The cost of providing an arena for
communicating has not been overtly considered in previous experimental work.
We report the results from a series of experiments designed to investigate the
affect of costly provision of the communication mechanism on: a) the ability of
players to provide the mechanism; and b) the impact of the second order dilemma
in solving the first order dilemma posed by the common pool environment itself.
In summary, the provision problem players faced in the costly communication
experiments was not trivial and did in fact create a barrier. In all three
experiments, the problem of providing the institution for communication
diminished the success of either: (a) having the ability to develop a
coordinated strategy and/or (b) dealing with players who cheated on a previous
agreement. On the other hand, all groups succeeded to some degree in providing
the communication mechanism and in significantly improving the efficiency of
resource allocation decisions.

I. INTRODUCTION

Communication in experimental social dilemmas generally increases the
frequency with which players choose joint income maximizing strategies, even
when individual incentives conflict with the cooperative strategies (Jerdee
and Rosen, 1974; Caldwell, 1976; Dawes, McTavish and Shaklee, 1977; Edney
and Harper, 1978; van de Kragt, et al, 1986; Isaac and Walker, 1988).

Hypotheses forwarded to explain why communication increases the selection of

cooperative strategies include:
1.

Communication promotes generalized norms that favor cooperation
(Orbell, van de Kragt, and Dawes, 1988b).

2.

Communication provides the opportunity for individuals to offer
and extract promises of cooperation [or non-enforceable social
contracts] (Braver and Wilson, 1984; Orbell, van de Kragt, and
Dawes, 1988b)

3.

Communication alters the perceptions of subjects about the
likelihood of other subjects contributing to the group good
(Braver and Wilson, 1986).

4.

Communication enables subjects to transform the problem from a
social dilemma to an assurance game (van de Kragt, et al, 1983;
Runge, 1984).

5.

Communication facilitates the boosting of subjects' prior
normative orientations toward cooperation (Dawes, Orbell, and van
de Kragt, 1984).

6.

Communication permits subjects to develop a group identity that
helps motivate cooperative behavior (Kramer and Brewer,1986;
Dawes, van de Kragt, and Orbell, forthcoming).

Experiments designed to test these conjectures generally involve oneshot decisions where individuals face a dichotomous choice of whether to

keep a promissory note or "contribute" it to a group account (van de Kragt,
et al, 1983; Braver and Wilson, 1984; Braver and Wilson, 1986, Orbell, van
de Kragt, and Dawes, 1988b). Evidence these from one-shot, public good

experiments support all but the first hypothesis. The five surviving
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hypotheses identify a process that communication is posited to facilitate:
(1) offering and extracting promises, (2) changing the expectations of
others' behavior, (3) changing payoff structure, (4) the re-enforcement of

prior normative orientations, and (5) the development of a group identity.
Experimental examination of one-shot decisions has demonstrated the
independent effect of all five of these processes, but they also appear

have thus provided important insights into the role of face-to-face

discussion in one-shot public good environments.
Many problems of collective action in field settings, however, involve
(1) repeated rather than one-shot decisions, (2) choices from a range of

strategies rather than a choice between dichotomous strategies, and (3)
common-pool resources (CPRs) rather than public goods. All three of these
attributes are normally present in situations that are referred to as "the

commons" (Hardin and Baden, 1977). In such situations, multiple
appropriators use the same resource system, such as fishing grounds, a
grazing range, an irrigation system, or a jointly owned forest.

When all

three of these attributes are present, the decision environment is

substantially different from the one-shot, dichotomous, public good

environments. Instead of making a decision between clearly demarked
cooperative or noncooperative strategies, individuals and groups must
ascertain the consequences of a wide diversity of choice combinations. In
this type of environment, individuals must determine a joint income
maximizing strategy, should it be feasible. In addition, they must succeed

in maintaining compliance to that strategy in an environment where the
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individual's incentive to comply is negatively correlated with the
/
compliance of others.
The effect of communication in CPR situations, where individuals must
repeatedly decide on the number of resource units to withdraw from a common-

pool, is open to considerable theoretical and policy debate.

It is obvious

that one cannot simply transfer results from a one-shot situation to a
repeated situation.

Words alone — without a sword — are viewed as frail

constraints when individuals make private, repetitive decisions between
short-term, profit maximizing strategies and strategies negotiated by a
verbal agreement.

On the other hand, the "shadow of the future" may

reduce the temptation to break promises so as to avoid the "unraveling" of a
mutually productive verbal agreement.

Game theoretical models do not yield uniform answers to how individuals
will (or ought to) behave in repeated, social dilemma situations. With a

finite number of repetitions, the consistent prediction is that individuals
will select their dominant strategy (if one exists) in each round, yielding
the deficient equilibrium. With an infinite number of repetitions, some
theorists argue that a rational player should play the dominant strategy (if
one exists) in each round (Sobel, 1985). Others rely on the capacity of
players in repeated situations to use contingent strategies to "teach" one
another the benefits of selecting cooperative strategies (R. Hardin, 1982;
Axelrod, 1984). By assuming that resolute players can use strong threats of

permanent retaliation, instead of cooperative moves and forgiveness, other
theorists develop models of repeated dilemma games — many of which are CPRs
— that predict the selection of cooperative strategies without external
enforcement (Friedman, 1971; Aumann, 1978; Levhari and Nirman, 1980; Lewis
3

and Cowens, 1983; Axelrod, 1984; Bendor and Mookherjee, 1985). Others rely

on the importance of an individual's reputation to predict cooperation when
repetition is not finite (Kreps, et al.. 1982). 6
The literature is also inconclusive regarding the necessity of external
enforcement. Some theorists presume that stable and efficient equilibria can
be achieved by participants in repetitive situations without the necessity

of external enforcers (Schotter, 1980; Runge, 1984). On the other hand,
many assume that individuals in repetitive CPR situations will not reach
jointly efficient outcomes unless external agents monitor and enforce
agreements. Even if individuals promise to adopt strategies that generate

the highest joint outcome, promises are considered worthless when
individuals face a series of private decisions without individual
monitoring and enforcement. Why should a person keep a general promise made
to a group when the short-term payoff from breaking that promise is
substantially better, especially if no one knows the identity of those who

break their promise?
The most pessimistic view of the capacity for individuals to solve
their own CPR problems arises when analysts make policy recommendations.
Many agree with Anderson (1977: 41) when he asserts that:

"It is,

therefore, clear that coercive solutions are required to save the commons"
(also G. Hardin, 1968 and Sinn, 1984). Studies of repetitive CPR

situations in field settings have, however, shown that appropriators in

many, but by no means all, settings adopt cooperative strategies that
enhance their joint payoffs without the presence of external enforcers.
Many factors appear to affect the capacity for resource users to arrive at

and maintain agreed upon limits to their appropriation activities. The
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ability to communicate appears to be a necessary but not a sufficient
condition. The presence of external monitors and enforcers is neither
necessary nor sufficient (Wade, 1988, Siy, 1982; McKean, 1986, and E.

Ostrom, forthcoming). In many natural settings, however, monitoring and

enforcement activities are undertaken, often without external intervention.
A deeper examination of the role of communication in facilitating the
selection of efficient strategies is of considerable theoretical (as well as
policy) interest. The demarcation line between cooperative and noncooperative game theory is based on the presumption that communication alone
does not affect players' decisions unless there is external enforcement.
In this paper we explore the effect of communication (without the
presence of external enforcement) in a repeated CPR setting. In particular,

we examine the following questions:
1.

To what extent does the capability to communicate improve the
efficiency of joint outcomes in repeated CPR situations, where
individual decisions are anonymous?

2.

How do subjects use communication? Do they understand the
strategic structure of the CPR situation? Do they overtly search
for joint income maximizing strategies?

Do they threaten to use trigger strategies if any cheating is
detected by monitoring aggregate results?
How do they cope with cheating by unidentified players?

3.

Are the initiators of proposals to adopt joint strategies
primarily the most or least cooperative in decision rounds prior
to communication?

The robustness of our initial results are examined in a more complex
environment where subjects are presented with a second order decision
related to costly provision of the communication mechanism. In this

environment, we examine the following questions:
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4.

Will individuals (with prior experience in a communication
experiment) pay for the right to communicate?
What are the characteristics of players who contribute to a
provision point game to "purchase" the right to communicate?
What type of communication process is engendered when it is
costly, as contrasted to free, to communicate?

In the sections that follow we address each of the questions. The
paper proceeds as follows. In section II we present a summary discussion of
the experimental decision environment. Section III presents the experimental
design, theoretical predictions, and results from our Design I experiments,
where the right to communicate was costless to the subjects. In Section IV
we analyze our Design II experiments where provision of the communication
mechanism was costly. Our summary and conclusions are presented in the final
section.

II. EXPERIMENTAL ENVIRONMENT

Subjects and the Experimental Setting
The experiments reported in this paper used subjects drawn from the
undergraduate population at Indiana University. Students were volunteers
recruited primarily from principles of economics classes. Prior to
recruitment, potential volunteers were given a brief explanation in which
they were told only that they would be making decisions in a "economic
choice" environment and that the money they earned would be dependent upon
their own investment decisions and those of the others in their experimental
group. All experiments were conducted on the PLATO computer system at IU.

The computer facilitates the accounting procedures involved in the
experiment, enhances across experimental control, and allows for minimal
experimenter interaction.
6

The Choice Environment
At the beginning of each experimental session, subjects were told that
they would be making a series of investment decisions, that all individual
investment decisions were anonymous to the group, and that at the end of the

experiment they would be paid privately (in cash) their individual earnings.
Subjects then proceeded to go through, at their own pace, a set of

instructions that described the investment decisions.
Subjects were instructed that in each period they would be endowed with
a given number of tokens, that they would invest between two markets. Market

1 was described as an investment opportunity in which each token yielded a
fixed (constant) rate of output and that each unit of output yielded a fixed

(constant) return. Market 2 (the CPR) was described as a market that yielded
a rate of output per token dependent upon the total number of tokens
invested by the entire group. The rate of output at each level of group

investment was described in functional form as well as tabular form.
Subjects were informed that they would receive a level of output from Market
2 that was equivalent to the percentage of total group tokens they invested.
Further, subjects knew that each unit of output from Market 2 yielded a
fixed (constant) rate of return. Figure 1 displays the actual information

subjects saw as summary information in the experiment. Subjects knew with
certainty the total number of decision makers in the group, total group
tokens, and that endowments were identical. They did not know the actual
number of investment decision periods. All subjects were experienced. That

is, all subjects had participated in at least one experiment using this form
of decision environment.
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III. Experimental Design, Theoretical Predictions, and Results - Design I
Experimental Design
Our eight Design I experiments fall into two categories: four baseline

non-communication experiments and four communication experiments. In the
four "baseline" non-communication experiments, subjects participated in a

series of decision periods (a minimum of 20) in whicn no form of oral or
visual communication was allowed. After each period, subjects were shown a
display that recorded: (a) their profits in each market for that period, (b)
total group investment in Market 2, and (c) a tally of their cumulative
profits for the experiment. During the experiment, subjects could request,
through the computer, this information for all previous periods. No subject
received information about the individual level strategies of others at any
point in the experiment. The parameters used in the Design I experiments are

reported in Table I.
The four "communication" experiments began with a series of 10 periods

conducted in a manner identical to the non-communication experiments. After
the 10th period, the subjects were brought together where they received the

following message.

Sometimes in previous experiments, participants have found it useful,
when the opportunity arose, to communicate with one another. We are
going to allow you this opportunity between periods. There will be
some restrictions.
1) You are not allowed to discuss side payments.
2) You are not allowed to make physical threats.
3) You are not allowed to see the private information on anyone's
monitor.
Since there are still some restrictions on communication with one
another, we will monitor your discussions between periods. To make
this easier, we will have all discussions at this site.

Remember, after you return to your terminals there will be no further
discussions for that period. We will allow a maximum of 4 minutes in
8

any one discussion session between periods. If you desire, you may
unanimously agree to return to your terminals earlier than that.
We will be tape recording your discussions for our records.

Theoretical Predictions
We discuss three alternative predictions that will be useful in
describing the results of our experiments. These predictions are illustrated
in Figure 2. First, consider the nature of our parameterization of the CPR

environment: (a) entry is limited to 8 players with fixed levels of inputs
(tokens to invest); (b) the marginal opportunity cost of investing in the
CPR (Market 2) is constant given that the return per token from Market 1 is
constant; and (c) the value of output units produced from investments in
Market 2 is constant (output from Market 2 can be viewed as being sold in a
perfectly competitive market). Thus, our environment most closely parallels
that of a limited access CPR (see, for example, Clark, 1980 and Cornes and
Sandier, 1986). Following this literature, Nash equilibria can be derived
for this environment. Consider the specific pararaeterizations for Market 1
and Market 2. The strategy set for each player is x. € {0,1,2, .... ,10} ,
where x. denotes the number of tokens in Market 2. The payoff for player i
hi(x) , in cents, is:
hi(x) =

50

if xi = 0

2
5(10-xi) + (xi/ xi)(15 xi - .
1
5
( x
)
) if xi > 0.
i

where x = (x1,...x8) is the vector of strategies of all players. This
symmetric game yields multiple equilibria in pure strategies generated by
having 5 players play Xi = 7 and 3 players play xi = 8, with the

(xi)=59

tokens (approximately 41 percent of rents possible from Market 2).12 Note
that all of these equilibria are within $.01 of each other in individual
9

payoff space. The game also has a symmetric Nash equilibrium in mixed

strategies, with E(

xi) = 59 generated by each player playing x. = 7 with

probability .62 and x. = 8 with probability .38. The Nash prediction of 59
tokens is noted as T1 in Figure 2.
As benchmarks for discussion purposes, it is useful to consider two
other investment predictions. As noted in Figure 2, a group investment of 33
tokens yields the Pareto optimal level of investment at which MRP = MC and
thus maximum rents (denoted T2). Conversely, a group investment of 67
tokens yields a level of investment at which ARP = MC and thus zero rents

from Market 2 (denoted T3). This is the level of investment generally
associated with an "open access" CPR environment.

Experimental Results - Design I - No Communication Experiments
We begin our interpretation of the experimental observations with a
descriptive look at the data for the non-communication baseline experiments.

Our primary focus is the extent to which this environment leads to an
inefficiency in resource allocations. In Figure 3 we present period by

period observations on rents accrued in Market 2. Across all experiments, we
observe a general pattern where rents decay toward zero then rebound as

subjects reduce the level of investment in the common-pool resource. Table
II presents summary information on the aggregate tendencies of these four
experiments. On average (pooling across all experiments and the first 20

periods), we find average rents equal to only 32.6 percent of optimum. Thus,
even with the limited access parameterization for our environment, player
strategies generate rents that fall far short of maximum attainable.
Further, from Figure 3, we see that there is some tendency for rents to

decrease with repetition of the decision process. At the aggregate level, it
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is the Nash prediction that yields the best prediction for rent
dissipation. 13
Experimental Results - Design 1 - Experiments with Communication
Figure 4 presents period by period observations on rents accrued in the

four communication experiments. Recall that communication was allowed only
in periods 11-20 of these experiments. All four experiments show a strong
shift toward optimality beginning with period 11. In Table II we see the
aggregate affect of this shift in efficiency. In the first 10 periods of the
communication experiments the mean level of rents is nearly identical to
that observed in our baseline experiments (30 percent compared to 29.9

percent). In periods 11-20, rent shifts dramatically to an average of 97.8
percent. This compares to 35.3 percent in periods 11-20 of the baseline

experiments. The average behavior across decision periods is summarized
visually in Figure 5. Clearly the ability to communicate has translated into
a shift in efficiency to near optimality.

Group Discussions - Design I
In the discussion below, we examine the content of the discussion

periods for each of these noncommunication/communication (NC/C) experiments.
NC/C Experiment 1 - During the first 10 periods of this experiment, the
players achieved a mean of 26 percent of the attainable rents, with an
average Market 2 investment per player of 7.7 tokens. The discussion
following period 10 was initiated by Player 2 who had invested an average of

6.5 tokens in Market 2 during the first 10 periods:

. . . . I'd like to make a suggestion that will maximize our
profits here. So we are going to have to come up with some
quantity here for what we invest in each period. It is clear, like
in game theory, you've got certain outcomes. If all the members
were to decide on one outcome, and they follow through with that
outcome, they would maximize the profits. And, if there were
cheating, then, you're going to lose out. So you got to choose a
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level that will be the best for Market 2 and we've got to hold
that decision to maximize the profits.14
Player 2 clearly understood the structure of the experiment and raised the
key issues in his opening statement, namely:
o

The need to find a group optimum;

o

The threat to the continuance of such an optimum presented by
cheating; and

o

The consequent need to "hold" all players to a decision to
coordinate their strategies.

Almost the entire four minute discussion focused on determining the group
optimum. At one point, Player 2 asked:

"Do you all agree that it is all to

our advantage to stick together on a joint investment?" No verbal response
to this question was provided, simply a general nodding of heads.

It took

almost the entire four minutes to agree to a best strategy. As time was
called, they had not formulated a definite strategy. They hurriedly agreed

to an inefficient strategy of 6 tokens each in Market 2.
In period 11, all 8 players followed the agreed upon strategy (a

perfectly coordinated but incorrect joint strategy). The sole topic of

conversation upon reconvening was re-calculating their joint strategy. By
the end of this period, they decided to change the investment to 4 tokens
each in Market 2. In period 12, all 8 players followed the agreed upon
strategy. Player 2's comment upon reconvening was:

"That was 20 cents over

my average — that's the easy way." In this discussion period, the players
tried to come up with a strategy that would pay a little more. Player 5
suggested the possibility of a "rotation" system where a few individuals
each period invested more than 4 tokens in Market 2, but she did not make a
specific proposal.15 Others found Player 5's general proposal confusing.
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They concluded this discussion with a proposal to continue their prior
strategy.
All players held to their agreement in period 13. Player 2 then
suggested that "we stay with 6 and 4" and was rewarded with "yeah's" all
around. After two periods with perfect compliance, Player 2 suggested that

"we just stay with our earlier agreement." From then on until the end of the
experiment, no one raised a hand to initiate a discussion in between periods
and no one deviated from the agreement. The problem of cheating was
mentioned twice during the first communication period and never raised
again. Three persons — all of whom had invested an average of 7.0 (or
below) in the first ten periods — actively participated in the discussion.

The other players merely nodded when appropriate or helped in the
calculation process. Thus, in this experiment, it was the "more cooperative"
players who dominated the discussion period.
NC/C Experiment 2 - During non-communication periods, the investment history

of this group was similar to that of the first NC/C experiment. The group
had obtained an average of 35 percent of maximum rents and had invested an

average of 7.6 tokens in Market 2. Player 1 started the discussion with a
clear formulation of the problem facing them.
What we are talking about right here is getting together to
maximize profits. As far as I can see the best we can do is if we
all go in and punch in 4 into Market 2 and 6 into Market 1. We are
all going to come up with about 70 cents apiece. If somebody
decides to break the cartel, they are not going to be making more
than a couple cents profit. We are all going to get real mad at
them, if we find out differently. But that's not going to be a
problem. Does anybody see any bigger profits than that?
Player 1 not only formulated the strategy but proposed a specific plan.

After two clarifications, Player 6 asked:

"Do we have unanimity on that so

we can return to our computer terminals?"

Player 1 replied with:
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"The

question has been called, I will second the question."

Head nodding around

was accepted as a sign of agreement.
In period 11, all but one player followed the agreement to invest 4
tokens in Market 2. One player invested 6 tokens in Market 2 but the action

was not noticed. 16 Immediately upon reconvening, Player 1 stated:
worked nice. Do you just want to do that again?"

"That

Player 6 responded,

"That's the best we can do" and the communication period ended with nods all
around.
In period 12, two defections occurred. The first defector increased
his investment in Market 2 from 6 to 8 tokens and a second player now

invested 6 in Market 2. This deviation from the agreement was noticed.
Player 7 started this communication period by chastising the unknown (to the
group) defectors:

So there were 38 [tokens]. So somebody is playing some games.
They are knocking it down to .9 cents return on each token rather
than 10 cents return on each token. And so, they are probably
making a maximum of 4 cents off of each one. So, is it really
worth busting the cartel and knocking everyone's profit down for 4
cents! . . . .
So, anyway, do you want to try it again. I don't think the cartel is
totally broken here. Somebody's karma is going to be really bad here.
Want to try it again?

That appeal brought some success. The second defector returned to the agreed
strategy (and kept to it for the rest of the experiment). The first defector
reduced the "overinvestment" from 8 to 6. But a third player now invested 6
tokens in Market 2 rather than 4.
Player 6 started the discussion after period 13, with the challenge,

"All right, who is it?" and Player 1 commented that "we have had 2 tokens of

karma restored." Further appeals not to try for a few extra cents yielded a
period where only one player overinvested, who later "confessed" to being
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confused.17 After period 14, Player 1 indicated that "We are still two
tokens off, but we are back up to 70 cents which means that some scumbucket
is making an extra few tokens worth." Player 6 asserted that he didn't

"care who is making a little more."

Player 1 suggested that they continue

on without further communication as long as the group invested 34 tokens.

[In other words, they should continue to follow the "agreement" to restrain
their investment in Market 2 to 4 tokens as long as the rate of non-

conformance remained less than or equal to 2 tokens.] For the next two
periods, only the confused player deviated from the agreement by investing 4

tokens in Market 1 instead of Market 2. Then, a second player began to
deviate by over-investing 2 tokens in Market 2. No one exercised the
opportunity to communicate after any of these four periods.

Period 18 produced a crisis. Players 7 and 8 both invested 10 tokens in
Market 2, while the confused player continued to invest 6. The 14 extra
tokens in Market 2 produced a noticeable drop in the average return from 10

cents to 8 cents. Everyone wanted to talk after this period. The exchange
after period 18 stressed the need for "pulling back." This discussion

apparently did the trick. Periods 19, 20, and 21 produced perfect
compliance. After period 21, Player 7 proposed a rotation scheme where two

players would invest 5 each in Market 2. Player 7 simply pointed to Players
1 and 3 sitting opposite from him and suggested that they be the first ones.
After some discussion as to whether it was worth adopting such a complex

scheme, when they did not know how many more periods were coming, the
players agreed to this "rotation" plan and implemented it for what was to be
their last period.
In contrast to the first experiment, in this experiment the major

"leaders" were all individuals who had invested heavily in Market 2 during
15

the first ten periods.

Player 7 was the major speaker, using such

pejorative terms as "scumbucket" to refer to anyone who did not keep their

"agreement." Player 7 in fact cheated on the agreement in two of the periods
where communication was allowed. (One cannot know whether Player 7 was

attempting to gain a few extra cents or to illustrate the danger of nonconformance so that he could obtain the willing conformance of all players.
After his appeal in period 18, he did not deviate from the agreement.)
What is interesting about this experiment is that the use of terms such

as "scumbucket" addressed to an unknown cheater were a sufficient "sanction"
to change the behavior of the player. Further, once the deviations from the
agreement were halted, the players built on this conformance to develop a
somewhat more complex rotation system that gained them a small marginal
improvement in joint payoffs. The players in this group conformed to their
agreed upon strategies in 86 percent of their actual Investment decisions —

the lowest percentage in Design I.
NC/C Experiment 3 - This group invested an average of 7.5 tokens in Market
2 (an average rent of 35 percent of optimum) during the first ten periods.
Once given the opportunity to communicate, the players rapidly agreed to
coordinate their investments. They erroneously concluded, however, that

their maximum payoff could be obtained if they all invested 3 tokens in
Market 2. After one period of perfect compliance, but less than optimal

payoffs, they discovered their error. They proposed and agreed to a rotation
scheme whereby one half of them invested 4 tokens and the other half
invested 5 tokens each period. They kept this somewhat complex rotation
pattern going with only one defection in period 20.

The major discussants

in this experiment had been among the more cooperative players during the

first ten periods. The player, who proposed the rotation scheme, however,
16

had invested the most in Market 2 during the first ten periods and was the
sole "defector" in period 20. This group conformed to their agreed upon
strategies in 99 percent of their actual investment decisions.

NC/C Experiment 4 - The history of the first ten no communication periods
closely parallel that of the other three experiments. The average investment
per player in Market 2 was 7.4 tokens, resulting in the group earning 38

percent of maximum rents. The group took only four statements to reach an
agreement to follow a joint strategy, but a suboptimal one — investing 5

tokens in both markets. In period 11, all players conformed to the agreement
with the exception of one player who invested 7 tokens in Market 2.
Immediately upon convening, Player 8 stated:

"Someone is a traitor." After

several comments concerning the agreement, the "deviant" player blurted out:
"Oh, I am sorry, I did not understand." 18 Another player simply asked
whether "we should do this again" and they returned to their terminals.
In period 12, the confused player followed the agreement, but another

player invested 10 in Market 2 rather than the agreed upon 5. This provoked
a short but intense discussion. Player 8 indicated that "seeing this is a

group project, lets make it that instead of trying to pimp each other over."
At a later point Player 8 pointed out that the increased payoff to the
defector was minimal and that "it was not worth it" to break the agreement.

All players proceeded to follow the agreement in period 13.

For several more periods, the players had what they came to call "their
little pep talk" about the importance of keeping their agreement to invest

"5 and 5." After perfect compliance for five periods, they decided to
reduce their investment in Market 2 to 4 (an agreement that gained perfect

compliance). In periods 20 and 22, one person deviated slightly, but in
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total, the players in this group conformed to their agreed upon strategies
in 95 percent of their actual investment decisions.

All but two of the players participated at least once in the
discussions during this experiment. The two individuals who were the most
active had followed quite different strategies during the first ten periods.

Player 8, the most active participant, had invested on average 9.7 tokens
during the first ten periods while Player 2, the second most active, had
invested only 5.8 tokens on average.

An Overview of the Discussion Periods
An examination of the transcripts for these four experiments reveals
that the subjects clearly understood the group "dilemma." They frequently

characterized the problem as that of a cartel. Given that the subjects had
to determine a somewhat complex Joint strategy, a considerable amount of
effort was devoted to calculating and checking on whether they had found the
optimum. Several groups eventually found an asymmetric strategy that did

produce the highest joint payoffs, while others were satisfied with
symmetric payoffs that closely approached the optimum.
Given that the players received only aggregate investment information

(all individual decisions were anonymous), the problem of dealing with

cheating was potentially even more difficult to cope with than the problem
of discovering the optimum. The subjects' method for dealing with this

problem is revealing both in terms of what they did and what they did not
do. They tried to arouse internal guilt in any person who deviated, and they
appear to have been somewhat successful. Evocative terms, such as

"scumbucket" and "pimp," were used on the negative side. They did not
threaten to use a "trigger" strategy.

Several groups overtly faced the

problem of small levels of non-conformance and decided to keep to their
18

agreement as long as the level of deviation did not get too large. The
potential threat of everything unraveling was clearly in view.
Finally, we do not have clear evidence concerning the behavioral

characteristics of those individuals who took the greatest effort to gain
agreement and to chastise cheaters. In two of the experiments, those who
participated in the discussions were about evenly divided between those who
had invested most heavily in Market 2 during the first ten periods and those
who had invested least heavily. In the other two experiments, the "big"
investors dominated discussions in one and the "small" investors dominated
in the other.

IV. Experimental Design, Theoretical Predictions, and Results - Design II
Experimental Design
Similar to Design I, our six Design II experiments included a set of
baseline non-communication experiments and a set of parallel experiments
where communication was allowed. In the three "baseline" non-communication
experiments, subjects participated in a series of at least 20 periods in
which no form of oral or visual communication was allowed. The first 10
periods of the "communication" experiments were conducted in a manner
identical to the non-communication experiments. Prior to period 11, however,
the subjects received the following message.
In the decision periods which follow, you will be given the
opportunity to purchase the right to discuss (as a group) your
investment decisions. The rules on discussion will be exactly the
same as in the discussion sessions in which you participated in
previous experiments.

1)
2)
3)
4)

no side payments
no physical threats
no viewing of other individual's monitor screens
a maximum of 4 minutes per discussion session.
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How do you purchase this right to have a group discussion session?
You will be given two envelopes. In one envelope there are slips of
paper that say "I contribute $.20." In the other envelope there are
slips that say "I contribute $.00."

Each period you will be asked to privately return one of the slips to
the persons running the experiment. If 5 or more slips reading "I
contribute $.20" are returned, the entire group will be allowed to
meet in a discussion session.
If less than 5 slips which read "I contribute $.20" are returned, the
group will not be allowed to meet for discussion.
The parameters used in the Design II experiments are reported in Table

III. 19 There are several key differences in the parameterizations relative
to Design I. In Design II: (a) the payoff function for Market 2 was
increased (shifted upward) relative to that used in Design I; (b) the payoff
from Market 1 was reduced to zero; (c) individual token endowments were
increased to 15 tokens; and (d) subjects started the experiment with an

initial capital endowment of $5.00. The reasons for the increased token
endowments and the use of an up front capital endowment will be made clear
after we investigate the theoretical properties of this design.
The Design II communication experiments were conducted to investigate

the properties of a mechanism in which provision of the right to
communicate was costly. To our knowledge, this is the first experimental

examination of this type of process. Since our goal was to examine the
"pure" effects of the costly provision structure, we wanted to control for
subjects' awareness of the impact (success) of communication Itself. This
design feature was captured by using subjects who had participated in our

previous communication experiments. Thus, these subjects had experienced the
efficiency enhancing characteristics of communication. No subject group was

drawn intact from a previous Design I experiment. To utilize this design
feature, however, we had to insure that subjects did not enter the decision
20

environment with prior "implicit bargain" agreements. That is, we needed a
decision environment parallel in structure to our previous design, but with
distinct cooperative equilibria. The equilibrium properties of Design II
capture this characteristic.
The provision mechanism imposed on the right to communicate placed
subjects in a second order public good dilemma situation (with a provision
point). Second order dilemma games exist whenever individuals must expend
resources to provide a mechanism that may alter the strategic nature of a
first order dilemma game (Oliver, 1980 and Taylor, 1987). The imposition of
sanctions, for example, is one mechanism that can change a first order
dilemma situation into a situation where everyone's dominant strategy is to
cooperate with others. But, the sanctioning mechanism itself is a public
good. Once it is provided, it is simultaneously available to all
participants. Since sanctioning mechanisms are costly to provide, it is in
the interest of each participant that others bear the cost of solving the
dilemma.20

The opportunity to communicate in a CPR dilemma situation can be viewed

as a mechanism that enables individuals to coordinate strategies to solve
the first order CPR dilemma. In our first design, the opportunity was
presented to the players at no cost. In our second design, however, we
increased the realism of the experimental setting by imposing a cost for
communicating. In field settings, communication is not free. Some
individuals have to bear the cost of organization. If communication is going

to continue, these costs must be borne repeatedly. Without continuing
provision of a mechanism for communication, the communication effort may
collapse and with it the possibility of avoiding the suboptimal outcomes of
the first order social dilemma.
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Theoretical Predictions
As with the Design I parameterizations, Design II allows for three
useful predictions. Figure 6 illustrates group behavior that would be
consistent with these alternative predictions. First, consider the specific

parameterizations for Market 1 and Market 2. The strategy set for each
player is xi

{0,1,2,....,15}, where xi denotes the number of tokens in

Market 2. The payoff for player i hi(x), in cents, is:

where x = (x1,...,x8) is the vector of strategies of all players. This
symmetric game has multiple Nash equilibria in pure strategies, with xi =

74 (approximately 40 percent of rents possible from Market 2). These are
generated by having 6 players play xi = 9 and 2 players play xi = 10. The
game also has a symmetric Nash equilibrium in mixed strategies, with E( xi)
= 74 (denoted as T1 in Figure 6). This equilibrium is generated by each
player playing xi = 9 with probability .74 and xi = 10 with probability .26.

As noted in Figure 6, a group investment of 42 tokens yields a level of
investment at which MRP = MC and thus maximum rents (denoted T2).

Conversely, a group investment of 83 tokens yields a level of investment at
which ARP = MC and thus zero rents from Market 2 (denoted T3). For this

design, note that this result would yield a zero total return from
investments in Market 2.
Given the possible payoffs for this design, one can see why we modified

the design relative to Design I. We increased individual token endowments to
15 (from 10) so that full rent dissipation would not be inhibited by a

binding constraint on resource endowments. Further, with this design, it is
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possible for subjects to actually have negative returns for a decision
period. For this reason, and to increase the likelihood of subjects earning

some minimal experimental earnings, we added the up front cash endowment.
Experimental Results - Design II - No Communication
We begin our interpretation of the results from Design II with a

descriptive look at the level of inefficiency generated in the noncommunication baseline experiments. In Figure 7 we present observations on
rents accrued across experimental decision periods. As with Design I, the
resource allocations between the two markets are at very low levels of
efficiency. Table IV presents summary information on the aggregate

tendencies of these four experiments. On average (pooling across all
experiments and the first 20 periods), we find average rents equal to only

39.3 percent of optimum. Further, as noted with our Design I experiments,
there is a tendency for rents to decrease with repetition of the decision
process. Again, it is the Nash prediction that most accurately describes the
aggregate data.

Experimental Results - Design II - Costly Communication
In Figure 8 we present period by period observations on rents accrued
across experimental decision periods for the three "costly communication"
experiments. Recall that the ability to fund the communication mechanism was

allowed only in periods 11-20. Unlike our four experiments with "costless"
communication, in two of these experiments we do not see a sudden shift in
efficiency in period 11. In both of these experiments, the attempt to
provide the communication mechanism failed in the initial periods, and in
both experiments token investment remained at very low levels of efficiency
(in experiment 1 efficiency dropped to its lowest level of the experiment).
After period 11, all three groups found varying degrees of success in
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providing the communication mechanism and in coordinating strategies (in
section E below we detail the pattern of decisions for each experiment).
From Table IV we see the aggregate effect of the communication opportunity.
In the first ten periods of the communication experiments the mean level of

rents is nearly identical to that observed in our baseline experiments
(42.5 percent compared to 43.4 percent). In periods 11-20, rents shift
significantly to an average of 79.9 percent. This compares to 35.2 percent
in periods 11-20 of the baseline experiments. The average behavior across

decision periods is summarized visually in Figure 9. Clearly the ability to
communicate has translated into a shift in efficiency. Unlike the four
experiments in which the right to communicate was provided without cost,
however, these subjects struggled to provide the communication mechanism and
to coordinate strategies.

Group Discussion - Design II
We turn now to a detailed account of the decision process in each of

the three non-communication/costly communication (NC/CC) experiments.
NC/CC Experiment 1 - In the first two periods of this experiment, the
players did not achieve sufficient contributions to fund the right to
communicate. Three players contributed 20 cents after period 10 and again
after period 11, but they failed to gain the five contributions needed to

provide a communication period. After period 12, the group was successful
when 6 players made contributions. Player 2 (who was the only player not to
make a contribution in any of the prior periods) led the discussion with a

suggestion that the group develop a rotation scheme for investments in
Market 2. (Player 2 in this experiment was Player 7 in NC/C Experiment 2. He

was the major "verbal organizer" in both of these experiments.) Player 2 and
Player 7 spent a minute or so calculating the optimal strategy. Player 7
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then proposed that ". . . we all put in 5, and that we rotate 2 people
putting in 6. That looks pretty good, shall we do that?" It took some time
to figure out how to coordinate the rotation system, but eventually a scheme

was agreed upon. In this discussion, no reference was made to the problem of
cheating or to the need to hold firm to the agreement so as to avoid paying

the cost of communicating again.
After this single communication period, the players implemented the
agreement perfectly for four periods. When this first "rotation" was

accomplished, Player 4 cast a solitary vote for a second communication
period. Only minor deviations occurred during the next 5 periods, and no

further effort was made to communicate. Overall, the players in this group
conformed to their agreed upon strategies in 92 percent of their actual

investment decisions.
NC/CC Experiment 2 - In the second costly communication experiment, 5
subjects contributed 20 cents at their first opportunity. Player 5 started
the session with this statement:
The reason we are here is to make a profit, so we need to lower the
group investment down from 66 and 70 which we have been doing, down to
say 42 or 40. And if we all agree to invest 5, then we would have 40
invested as a group. Ten in Market 1 and 5 in Market 2. We would get
maximum profit out of this. Is that a reasonable decision?
Some further effort was made to calculate whether or not this was optimal.

Relative to other groups, these subjects focused on calculations with very

little discussion. Only 7 statements were made during the communication
period. Player 5 ended this period with the statement:
do it —

"Everybody needs to

if you remember from last time, if everyone does not do it then

someone sucks it." (Player 5 in this period was Player 8 in the fourth
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communication experiment using Design I. The line of argument he used here
was consistent with his rhetoric and experience in the previous experiment.)
Period 11 involved perfect coordination. In period 12, Player 4 (who

had said nothing in the discussion period) invested 15 tokens in Market 2,
while the others held to their agreement to invest 5. In period 13, Players

2 and 3 increased their investment in Market 2 by one token, and thus joined
Player 4 as defectors, even though their rate of defection was low. By
period 14, there were 5 defectors and only 3 players holding to the
agreement. Three players contributed 20 cents each after the 14th period in

an unsuccessful attempt to regain the right to communicate. After period 15,
a solitary player contributed 20 cents toward communication; that was the
last contribution toward communication made in this experiment. Several of
the players continued their low contribution rates while most of the players

did not.
The players in this group conformed to their agreed upon strategies in

45 percent of their actual investment decisions — the lowest percentage of
any of the communication experiments. Although the players had achieved over

90 percent of the available rents in the first four periods after
communication, the percentage fell steadily to 47 percent in the last three
periods of the experiment.

NC/CC Experiment 3 - Relative to the first 2 experiments in this design,
this group adopted somewhat more "cooperative" strategies during the first
ten non communication periods. The average investment in Market 2 was 7.0
tokens compared to 8.5 for the first NC/CC and 9.2 for the second NC/CC
experiments. Four subjects contributed toward communication after the 10th

period, falling one vote shy of the provision level. After the llth period,
6 individuals made the necessary contribution to obtain the right to
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communicate. Two of the players, who had been among the most active
communicators in the Design I experiments, took the lead (as well as

financially contributing toward the achievement of a communication period).
After some hurried calculations, the group decided to invest 6 tokens in

Market 2 and 9 in Market 1. They obtained 97.7 percent of the available
rents with this strategy. The players seemed concerned about making a quick
decision and avoiding the need for further communication. As Player 5 argued
during the communication period: "Lets decide something so that we all know
what we are doing so that we don't have to conference each time." On his
debriefing form, Player 5 indicated:

"Instead of a complicated maximizing

scheme, we chose a simple, easy-to-follow method to set relatively maximized
profits."
For 12 periods, the players observed perfect compliance to their
agreement with no further discussion. In period 20, Player 3 invested 9
instead of 6 tokens in the Market 2. In period 21 — the unannounced final
period, Player 3 continued the investment of 9 tokens while Player 8
invested all 15 tokens in Market 2. Player 8 had invested 15 tokens
throughout the non-communication periods, had not voted at any time to hold
a communication period, did not say anything during their discussion, and
had conformed to the agreement for 9 periods. On his debriefing form he
"justified" his actions in the following way:

I never purchased because I felt like the others would purchase it,
consequently, I wouldn't lose $.20. I didn't feel like I was taking
advantage of the group in this respect. I also felt like since I didn't
purchase the opportunity, I did not have to abide by the group's
decision because I really didn't want to meet.
The players in this group conformed to their agreed upon strategies in 96
percent of their actual investment decisions.
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An Overview of the Discussion Periods
The Design II experiments demonstrate the strength as well as the
fragile nature of costly communication. Since it was costly to communicate,
each group met only once. Two of the groups had to go several periods before
sufficient contributions enabled them to meet. What is rather startling,

however, is that two of the groups achieved almost perfect compliance to
their joint strategy after only a single opportunity to discuss the problem.
The other group experienced cascading defections once it was clear that they
could not mount the level of voluntary contributions needed to achieve a
second or third "pep talk."

V. Summary and Conclusions
These experiments provide strong evidence for the power of face-to-face
communication in a repeated CPR situation where decisions are made
privately. When communication was provided as a "costless" institution,

players successfully used the opportunity to: (a) calculate coordinated rent
improving strategies, (b) devise verbal agreements to implement these

strategies, and (c) deal with non-conforming players. On average, efficiency
increased from 30 percent to 98 percent with the introduction of costless
communication. Considerable time and effort was expended during the

communication periods simply trying to ascertain the optimal, joint

strategy, since the experiment afforded considerably more choice than a
dichotomy between a "cooperative" and a "non-cooperative" strategy.
In field settings, it is rare that the opportunity to communicate is

costless. Someone has to invest time and effort to create and maintain
arenas for face-to-face communication. The cost of providing an arena for

communicating has not been overtly considered in previous experimental work.
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Our Design II experiments investigated the affect of costly provision of the
communication mechanism on: (a) the ability of players to provide the
mechanism and (b) the impact of the second order dilemma in solving the
first order dilemma posed by the CPR environment itself. In summary, the
provision problem players faced in the costly communication experiments was

not trivial and did in fact create a barrier. In all three experiments, the

problem of providing the institution for communication diminished the
success of either: (a) having the ability to develop a coordinated strategy
and/or (b) dealing with players who cheated on a previous agreement. On the
other hand, all groups succeeded to some degree in providing the
communication mechanism and in dealing with the CPR dilemma. On average,
efficiency in these groups increased from approximately 42 percent to 80
percent.
In general, these results are consistent with previous research. Isaac
and Walker (1988) found similar results for costless communication in a
public good environment with symmetric payoffs. Although they did not look
at costly communication, they did investigate several alternative more
complex decision environments. Similar to the results discussed above for
costly communication, they found that increasing the complexity of the
environment reduced the success of face-to-face communication, but that,
even with this reduction, the institution remained a successful mechanism
for improving market efficiency.
Of the six hypotheses forwarded to explain the impact of communication
in prior studies, the evidence from our experiments clearly supports two:
1. Communication did provide an opportunity for individuals to offer
and extract promises of cooperation for non-enforceable contracts.
2. Communication did facilitate the boosting of prior normative
orientations.
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Our experiments, however, cannot clearly differentiate between the various
normative orientations that are evoked in such situations21 . We tend to
agree with Orbell, van de Kragt, and Dawes (1988a) that keeping promises
appears to be a more fundamental, shared norm than "cooperation per se." It
is, of course, difficult to sort these out. When a defector is called a

"scumbucket," is the reproach being used because someone is breaking a
promise, is being uncooperative, or is taking advantage of others who are

keeping a promise? The strength of the reproaches used probably reflects the
multiple offenses committed by those who did not keep to their prior
agreements.
The evidence from these experiments demonstrates that external agents

are not necessary to achieve high levels of conformance to verbal promises
even when:

1. Players make repeated anonymous and private decisions and breaking
the verbal agreement strongly dominates keeping the verbal
agreement.
2. Players do not have an opportunity to establish a well-defined
community with strong internal norms and established ways to
enforce these norms.
On the other hand, the evidence from these experiments should not be
interpreted as supporting arguments that communication alone is sufficient
to overcome repeated dilemma problems in general. While many endogenous

arrangements appear to evolve in experimental and field settings to overcome
CPR dilemmas, many endogenous efforts have failed as well. The task facing
all scholars interested in these questions is the development of an
empirically validated theory that explains why some institutions evolve, are
efficient, and are stable, and why others fail (for an effort in this

direction, see E. Ostrom, forthcoming).
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Free communication appears to work in a setting involving a limited
number of symmetric players who are well informed about the structure of
their environment and the aggregate investment patterns. There are many
field settings that approximate these conditions. The difficulties created

by introducing a modest cost and the need to gain 5 out of 8 players to
contribute to a communication period illustrates that endogenous

development of institutions to solve social dilemma problems do not spring
forth effortlessly. In our own future research, we plan to explore a range
of questions involving the development of endogenous institutions, including
the effects of various types of internal and external monitoring and

sanctioning mechanisms.
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ENDNOTES

1. The term "social dilemma" refers to a broad class of situations where
strategies leading to efficient joint outcomes are strictly dominated for
each individual by strategies leading to deficient equilibria (See Dawes,
1975; 1980). The Prisoner's Dilemma game is the best known example of a
social dilemma.

2. Orbell, van de Kragt and Dawes (1988)
years of research on one-shot public good
independent and inter-dependent nature of
for why communication has such a powerful

summarize the findings from ten
experiments by stressing both the
the posited explanatory factors
effect on rates of cooperation.

3. The major difference between a public goods environment and a commonpool resource (CPR) environment relates to the subtractability of the
resource unit valued by potential users. In a public goods environment, use
of a resource unit by one individual does not reduce the number of resource
units available to others. In a CPR environment, the ton of fish that I
harvest are not available to be harvested by any other fishermen. Both of
these environments share difficulties related to exclusion and thus problems
of free-riding (See Gardner, E. Ostrom and Walker, 1989).
4. One prior study had led us to expect that communication would have a
positive effect on the choice of cooperative strategies in a repeated CPR
experiment. Isaac and Walker (1987) found that communication dramatically
enhanced efficiency in a repeated voluntary contribution/public good game.
5. This is, of course, the basis for Hobbes' observation that "covenants
without the sword, are but words, and of no strength to secure a man at
all." See Orbell, van de Kragt & Dawes, 1988.

6. In a recent review of game theoretical models of fishery resources,
Kaitala (1986) describes the wide diversity of predicted strategies and
equilibria.
7. See the many individual case studies reported in National Research
Council, 1986; McCay and Acheson, 1987; Berkes, 1989 and the literature
cited in these volumes.
8. Among the variables that affect the capacity of individuals to devise
their own rules for limiting the use of a CPR are: 1) net benefits from the
restrictions; 2) discount rates of CPR users; 3) size of the appropriating
group; 4) asymmetry of appropriations with regard to information, asset
structure, leadership, and appropriation technologies; 5) the physical
complexity of the resource; and 6) the institutional structure and
incentives in place (see E. Ostrom, forthcoming and Libecap, 1989).
9. Harsanyi and Selten (1988) indicate that when Nash (1951) had originally
distinguished between noncooperative and cooperative game theory, he used
two criteria: free communication and enforceable agreements. Two criteria
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for distinguishing between a dichotomy is logically unsatisfactory.
Contemporary game theories stress the fundamental importance of external
enforcement. In discussing the PD game, for example, Harsanyi and Selten
(1988: 3) argue:
Clearly, in playing this game, the decisive question is whether the
players can make enforceable agreements, and it makes little difference
whether they are allowed to talk to each other. Even if they are free
to talk and to negotiate an agreement, this fact will be of no real
help if the agreement has little chance of being kept. An ability to
negotiate agreements is useful only if the rules of the game make such
agreements binding and enforceable.
The capability to make enforceable agreements is included in noncooperative models by specifically including such an option in the extensive
form of the game. A cooperative approach presumes that players are always
able to make enforceable agreement regardless of the structure of the
extensive form.
10. A complete set of instructions are available from the authors upon request
11. Each subject wore a tag with their player number on it so that one of
the experimenters could record the player number corresponding to each
statement. This method enabled us to match the decision history of a subject
with the statements made by that subject.
12. See Walker, Gardner, and Ostrom (1989) for the complete derivation of
these equilibria. Note, rents accrued as a percentage of maximum = (Return
from Market 2 minus the opportunity costs of tokens invested in market
2)/(Return from Market 2 at MR=MC minus the opportunity costs of tokens
invested in Market 2). Opportunity costs equal the potential return that
could have been earned by investing the tokens in Market 1.

13. See Walker, Gardner, and Ostrom (1989) for a more complete analysis of
behavior and tests of the alternative theoretical conjectures in
environments without communication.
14. The reference to game theory is somewhat surprising. Most of these
subjects were recruited from lower level economics classes. Some however,
were juniors and seniors. This particular subject was a senior.

15. The "maximal" group payoff could be achieved only with an asymmetric
investment pattern. When various participants noticed this asymmetry, either
they rejected the idea of a joint strategy that enabled some to get more
than others, or they tried to devise a "rotation" scheme whereby individuals
would rotate among themselves who would get a slightly larger payoff.
16. Since the optimum investment was 33 tokens rather than the 32 tokens
they had agreed upon, this small level of "cheating" did not reduce the
payoffs of the other players.
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17. On the debriefing form administered after the experiment, this player
wrote: "I myself got the ratio mixed up — oops!"
18. The player (a overseas student) seemed genuinely mortified and
commented again on the debriefing form about her error.
19. It was explained verbally to the subjects that all contributions were
final. If the group was not successful in funding the communication session,
contributions were not refunded. The particular cost of $.20 per individual
and the requirement that 5 of 8 individual must contribute to provide the
mechanism were chosen to make the provision a nontrivial problem and yet not
to make the provision so costly that provision would have been virtually
impossible. One would like to be able to calculate the expected cost and
benefits from provision. These are not well defined terms, however, in this
context. Some groups may require only one round of communication to
coordinate a strategy that stays in place for the entire experiment. Other
groups may require repeated rounds of face-to-face discussion. The fact that
our groups struggled with the provision problem, but did eventually succeed,
suggests that our parameterizations were reasonable.
20. Yamagishi (1986, 1988) examines the imposition of a sanctioning system
to change the structure of a simple public good dilemma situation.
21. This is not to say that we found evidence which contradicts the other
hypotheses.
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TABLE I

Experimental Design I
Parameters for a Given Decision Period

Experiment Type:
Experiments

Design I
4 Non-Communication

Number of Subjects

8

Individual Token Endowment

10

Production Function: Mkt.2*

15(xi)-.l5(xi)2

Market 2 Return/unit of output

$.01

Market 1 Return/unit of output

$.05

Earnings/Subject at Group Max.

$.71

*

4 Communication

Ex. = the total number of tokens invested by the group in market 2.
Trie production function shows the number of units of output produced
in market 2 for each level of tokens invested in market 2.

TABLE II

Mean Percentage of Rents Earned
Design I Experiments
(Mean/Standard deviation/Range)

NO COMMUNICATION
PERIODS 1 - 1 0

NO COMMUNICATION
PERIODS 1 1 - 2 0

NC/NC-1
NC/NC-2
NC/NC-3
NC/NC-4

14.5/21.6/(-14.5
34.9/22.0/(-01.8
48.6/29.5/( 09.6
21.6/24.6/(-08.4

AGGREGATE

29.9/27.7/(-14.5 TO 83.7)

35.3/25.2/(-21.1 TO 83.7)

NO COMMUNICAITON
PERIODS 1 - 1 0

COMMUNICATION
PERIODS 1 1 - 2 0

TO
TO
TO
TO

65.7)
65.7)
83.7)
65.7)

NC/C-1
NC/C-2
NC/C-3
NC/C-4

25.7/22.0/(-08.4
27.8/17.2/(-08.4
28.4/27.0/(-21.1
38.0/19.2/( 15.7

AGGREGATE

30.0/21.4/(-21.1 TO 72.3)

TO
TO
TO
TO

62.0)
50.0)
72.3)
72.3)

31.9/25.5/(-14.5
30.4/15.4/( 04.2
58.2/23.3/( 15.7
20.8/21.3/(-21.1

98.1/06.17(80.7
98.6/04.4/(86.1
98.6/02.9/(92.8
95.9/03.3/(88.0

TO
TO
TO
TO

TO
TO
TO
TO

75.3)
57.8)
83.7)
54.2)

100)
100)
100)
100)

97.8/04.4/(80.7 TO 100)

TABLE III

Experimental Design II
Parameters for a Given Decision Period

Experiment Type:
Experiments

Design II
3 Non-Communication

Number of Subjects

8

Individual Token Endowment

15

Production Function: Mkt.2*

25( xi)-.30(

3 Communication

2
x
)
i

Market 2 Return/unit of output

$.01

Market 1 Return/unit of output

$.00

Earnings/Subject at Group Max.

$.65

Ex. = the total number of tokens invested by the group in market 2.
The production function shows the number of units of output produced
in market 2 for each level of tokens invested in market 2.

TABLE IV

Mean Percentage of Rents Earned
Design II Experiments
(Mean/Standard deviation/Range)

NO COMMUNICATION
PERIODS 1 - 1 0

NO COMMUNICATION
PERIODS 1 1 - 2 0

NC/NC-1
NC/NC-2
NC/NC-3

31.3/25.4/(-13.2 TO 76.2)
54.0/15.9/( 28.0 TO 82.7)
39.5/30.5/(-51.8 TO 78.5)

28.4/32.7/(-45.9 TO 60.1)
43.1/18.6/( 15.4 TO 68.7)
34.1/23.1/( 01.5 TO 63.0)

AGGREGATE

43.4/28.1/(-51.8 TO 82.7)

35.2/25.4/(-45.9 TO 68.7)

NO COMMUNICAITON
PERIODS 1 - 1 0
NC/CC-1
NC/CC-2
NC/CC-3
AGGREAGATE

60.3/15.4/( 32.1 TO 78.5)
38.1/29.1/(-23.6 TO 71.2)
29.0/20.1/( 01.5 TO 68.7)

42.5/25.3/(-23.6 TO 78.5)

COSTLY COMMUNICATION
PERIODS 11-20
79.8/43.4/(-23.6 TO 100)
69.1/20.7/( 47.0 TO 99.8)
90.9/20.7/( 32.1 TO 97.7)
79.9/30.5/(-23.6 TO 100)

FIGURE 1
INSTRUCTIONS - SUMMARY INFORMATION

UNITS PRODUCED AND CASH RETURN FROM INVESTMENTS IN MARKET 2

commodity 2 value per unit = $ 0.01

Tokens
Invested
bv Group
8
16
24
32
40
48
56
64
72
80

Total
Units of
Commodity 2 Group
Return
Produced
1.81
181
3.23
323
427
493
520
509
459
371
245
80

4.27
4.93
5.20
5.09
4.59
3.71
2.45
0.80

Additional
Average
Return - Return
per Token per Token
$ 0.23
$ 0.23
$ 0.18
$ 0.20
$ 0.18
$ 0. 13
f 0.15
$ 0,08
$
$
$
$
f
$

0.13
0.11
0.08
0.06
0.03
0.01

$ 0.03
$-0.01
$-0.06
$-0. 11
$-0.16
$-0.21

The table shown above displays information on
investments in Market 2 at various levels of
group investment. Your return from Market 2
depends on what percentage of the total group
investment is made by you.

Market 1 returns you one unit of commodity 1 for
each taken you invest in Market 1. Each unit of
commodity 1 pays you $ 0.05.

FIGURE 2
THEORETICAL PREDICTIONS: DESIGN I

FIGURE 3
RENTS AS A PERCENTAGE OF MAXIMUM

DESIGN I: NC SERIES
EXPERIMENT 1

EXPERIMENT 2

EXPERIMENT 3

EXPERIMENT 4

FIGURE 4
RENTS AS A PERCENTAGE OF MAXIMUM

DESIGN I: NC/C SERIES
EXPERIMENT 1

EXPERIMENT 2

EXPERIMENT 3

EXPERIMENT 4

FIGURE 5
RENTS AS A PERCENTAGE OF MAXIMUM

Design I Experiments

FIGURE 6
THEORETICAL PREDICTIONS: DESIGN II

FIGURE 7
RENTS AS A PERCENTAGE OF MAXIMUM

DESIGN II: NC SERIES
EXPERIMENT 1

EXPERIMENT 2

EXPERIMENT 3

FIGURE 8
RENTS AS A PERCENTAGE OF MAXIMUM

DESIGN II: NC/C

SERIES

EXPERIMENT 1

EXPERIMENT 2

EXPERIMENT 3

FIGURE 9
RENTS AS A PERCENTAGE OF MAXIMUM
DESIGN II EXPERIMENTS

