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Section 1: TIntroduction

For years, the free-rider problem was accepted as an insurmountable
barrier to the Pareto-efficient provision of public goods via voluntary,
decentralized decisionmaking. ! Public goods for which the utility value to
any one consumer does not diminish as additional consumers utilize them are
in general characterized'by~lack of a low-cost exclusionary device. In many
cases, exclusion of non~contributors is technologically impossible. Decentral-
ized decision procedures depend upon being able to infer an individual's mar-
ginal evaluation2 of the public good from his announced per unit voluntary
cost share. When announced voluntary cost shares are collected as a means of
obtaining resources for public good production, the individual faces a conflict
between correctly revealing his marginal evaluation and enjoying a low share of the
cost. of public good production. A rational individual who believes that his
consumption level of the public good will not significantly vary, with respect
to his announced cost share, will volunteer to contribute a cost share which
understates his marginal evaluation. If many individuals so understate, the
level of the public good provided by the procedure is less than a Pareto-
efficient 1eve1.3

Recent positive developments concerning the free-rider problem can be

explained in terms of a simple model. Let i =1, 2, ..., I represent a typical

agent, an allocation be y ¢ Y, a feasible set, where v = (yo, Yo e yI).

Yo is the quantity of a single pure public good, and Y; is agent i's consump-

tion of a single private good. Each agent i has a utility function Ui(yo’y')
i

and an initial endowment of the private good W,



The allocation achieved cannot directly depend upon (Ul’ «evy U), which

1

are unobservable. So agent i is modeled as selecting a message m, in M, a sect
i

of feasible messages, with m = (m cees mI) in MI, a set of message profiles.

1’
m, is selected with knowledge of the outcome function f(m), which chooses an
element of Y given the message profile. Let (yo,yi) = fi(m) denote a component
function of f. The theoretical literature (see Groves, 1979, for a comparison
of major results) labels the pair (MI,f) an allocation mechanism.

The solution concepts that are generally employed with allocation mechanisms

are Cournot—Nash equilibrium and dominant-strategy equilibrium. Let m denote

)i(
. .th . . .
the message profile absent the 1t component. Cournot behavior is the choice

kly ~ ~
of m, given my s which maximizes Ui[f(m)] subject to M T Mg and miEM. A

*
Cournot-Nash equilibrium for (M{f) is a message profile m such that no agent 1
%
can gain utility by changing unilaterally from m, to any other message in M.

%
That is, Ui[fi(m )] z_Ui[fi(m)] for m and mieM.

*
)i~ ™

E *
When the message m, is the Cournot choice for every m)i(, then m, is called

x
a dominant strategy. A dominant strategy equilibrium is a message profile m

KN
~

fer which m, is a dominant strategy for agent i, i =1, ..., I. A dominant-
strategy equilibrium does not require coordination to the extent a Cournot-Nash
equilibrium does, since each agent's equilibrium message is an optimal response
to any message profile.

Hurwicz (1972) and Green and Laffont (1977) demonstrated the nonexistence
of any mechanism yielding Pareto-efficient allocations as dominant-strategy
equilibria. Both papers analyzed a model where agents derive utility solely

from the final or solution allocation, and where the demand information announced

by agents is in the form of willingness-to—-pay functions. These results suggest
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that an agent may gain a more favorable final allocation by using a sophisti-
cated strategy which takes into account the reaction functions of the other
agents, than by reporting his "true" marginal willingness-to-pay.

Groves and Ledyard (1977) '"solved" the free-rider problem by construct-
ing a mechanism (without dominant strategies) for which the set of Cournot-Nash
equilibria coincide with the Pareto frontier, a feature called "incentive com-
patibility." They actually presented a set of mechanisms, where an agent's
public production cost share is a pro rata plus a fee for deviation from
the average of the other agents' messages, the latter multiplied by a "strength
of incentives" parameter.4 Since their work, Cournot-Nash equilibrium has
been the primary solution concept for general equilibrium analysis of allo-

cation mechanisms.

For how wide a class of decisionmaking environments is this solution con~
cept appropriate? There are experimental situations in which violations of
Cournot behavior are widespread. Brubaker (1979) received substantial voluntary
contributions from subjects who were clearly told that neither the collecctive
nor any individual would be excluded from consumption of a discrete public
good because contributions were too low. Subjects making these contributions
did not adopt the dominant strategy of contributing zero. Marwell and Ames
(1979) asked subjects to divide endowments of tokens between private and public
exchanges. The private exchange yielded a fixed dollar rate of return on any
subject's investment. In addition, each subject received a prespecified
fraction of the total return on all subjects' investment in the public exchange.
The public exchange offered a dollar rate of return increasing in the total
amount contributed (over a relevant range, then eventually decreasing, to pro-
vide an optimum distribution), but not yielding a better return than the private

excharge until well past the largest individual endowment. A significant fraction



of token endowments was provided to the pubic exchange though any subject
choosing unilaterally should have preferred to switch all his tokens to the
rivate exchange -~ this would have been Cournot behavior.

The Brubaker and Marwell-Ames results do not imply that subjects whose
choices deviate from Cournot choices would maintain their behavior as they
became familiar with the situation. A variety of studies has replicated
the experimental economy to determine whether subject behavior alters with
experience. Coppinger, Smith and Titus (1978) reported on second-price
auctions where bidding one's resale value is a dominant strategy, a fact
which took most subjects several iterations to discover. While the theoreti-
cal literature does not address the question, it would seem that a sensible
test of the appropriateness of Cournot-Nash equilibrium would be in an itera-
tive procedure. Subjects would be able to send messages in every iteration,
with the only allocation being determined when subjects unanimously accept a
message profile.

Smith (1979} conducted six experiments with an iterative procedure incor-
porating an incentive-compatible allocation mechanism; all experiments attained
approximately Cournot-Nash equilibrium allocations.

Harstad and Marrese (1978, 1979) reported on six experiments with a
mechanism identical to that in Smith's experiments and an iterative procedure
which involved sequential rather than simultaneous reconsideration of messages.
Only two of six experiments attained approximately Cournot-Nash equilibrium
aliocations.

Analysis of individual subject choices in these experiments and in Smith's
comparable experiments showed that violations of Cournot behavior were observed
in Smith's subjects with 50% or greater frequency, and nearly that often in

the Harstad-Marrese subjects.



Perhaps Cournot behavior is too myopic to predict behavior in iterative
experiments. Three characteristics of Cournot behavior which produce critical
simplifications in the modeling of behavior are:

1. That the messages chosen depend only on the current messages of others,
not upon their past messages.

2, That the messages chosen are solutions to a well-formulated maximization
problem.

3. That each subject does not attempt to alter the behavior of other subjects
for his own benefit (the non-manipulative characteristic).

In Section 2, we discuss alternative behavioral models which incorporate
some of these simplifications. Section 3 presents and analyzes subject behavior
during ten general equilibrium, public goods experiments in light of the Courot
model and the alternative behavior models. We conclude that after some number
of iterations, nearly all subject behavior is consistent with a rough model
for which all three characteristics hold. 1In addition, we note that the experi-
ments attain nearly efficient allocations. The violation of Cournot behavior
precludes use of the incentive-compatibility theorems to explain this extent
of efficiency. Our rough model offers a partial explanation of the observed

efficiency measures.

Section 2: Alternative Behavioral Models

In all the public good experiments that are reported in section 3, Cournot
behavior by all subjects in all iterations would have produced Court-Nash equili-
brium allocations (which are Pareto-efficient subject to integer bid constraints).
However, incentives for this behavior are at best unclear in an explicitly

iterative experiment where only the final agreed-upon allocation affects earnings.



In particular, a subject can, by not agreeing, guarantee that the current
proposal in any iteration is not adopted as the final allocation. Thus,
there is no a priori reason to behave so as to maximize the earnings associ-

ated with the current proposal for any particular iteration.

If theories based on Cournot-Nash equilibrium do not explain a substantial
share of behavior in iterative procedures, then it may be useful to borrow ideas
from the search theory literature and from work on risk-averse behavior. Both
explicitly allow for some of the uncertainty which subjects face.

Subjects in public goods experiments may not anticipate fully how much
money they can reasonably expect to make. For instance, in both Smith's experi-
ments and ours, there is anecdotal evidence that many subjects earn more than
they expected. Given this uncertainty, it may be instructive to model a subject
as expending time and mental effort in a search for as large a level of earn-~
ings as possible. Each period the subject obtains a possible earnings "quotation,"
by finding out how much he would earn if the current bid profile (we will usc
the terms 'bid" and ''message' interchangably) is the final one. The subject
then evaluates the situation, and would indicate a desire to search further by
changing his bid (because only a repeated bid could reach agreement). A will-
ingness to cease search would be indicated by repeating his bid, though whether
this reaches agreement depends upon the other subjects repeating as well.

This search environment is somewhat more complex than we have seen treated
in the literature. Clearly the subject can not be modeled as knowing the dis-
rribution of potential earnings he searches from, and it is even difficult to

specify a sense in which the search is from the same '"distribution.' The level



of earnings which is attainable depends on where the experimenter has set the
Pareto frontier and on what level of earnings is sufficient to induce other sub-
jects to repeat; both of these are unknown to the subject.

Each iteration gives the subject information about these unknown para-
meters, which is presumably used to update the subjective probabilities of
being able to obtain various monetary rewards. The determination of whether
to search again or repeat, indicating acceptance, is based upon these up-
dated subjective probabilities and the tradeoff indicated by an individual's
preferences between his current level of money earnings and his current
expenditure of time and mental effort. TIf there is a known maximum number
of periods in the experiment, this will affect the perceived probabilities,
as the subject will perceive a chance of zero earnings resulting from failure
to reach agreement.

To the extent that this search problem as described can fit into more
canonical search problems (see, for example, Harstad and Postelwaite, 1979),
it is likely that reservation-earnings behavior is optimal. At any points
in the experiment, there is a level of earnings below which the subject
searches again, and above which the subject repeats, indicating a willingness
to accept the outcome.

In particular, a bid profile with proposed earnings above reservation
earnings will induce a repeated bid whether that bid is a Cournot choice or not.
Also, how much more the subject could earn by a Courtnot choice rathef than
a repeat bid is irrelevant save for its impact upon the subjective probabilities.

Finally, the subject chooses not to repeat when agreement would be asso-
ciated with below-reservation earnings, even if this means avoiding a Cournot
choice. This is the only model we can find which supports selecting a new bid

in cases where repeating would be a Cournot choice.
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In this way, Reservation behavior is to some extent manipulative; it
does not take as given the current bids of others, but rather indicates that
the individual will not accept the current earnings situation, and that the
other subjects are expected to alter their behavior. Of course, as time is
spent and the individual's perceptions are updated, the reservation earnings
level may fall,

The solution concept, a reservation equilibrium, is a message profile
m* for which

* . >
Ui[fi(m 1~ Ri’ for all i,
where Ri is the reservation-earnings level of agent i. 1If all agents follow
Reservation behavior at m*, then each will repeat m:.

Reservation equilibria are not necessarily associated with highly
efficient outcomes. Clearly low reservation earnings levels early in an ex-
periment could produce quick agreements well inside the Pareto frontier. Also,
we are not aware of any method by which subjects would iteratively update
their beliefs in a manner which would necessarily lead to a final allocation
near the Pareto frontier.

Without knowledge of the current level of a subject's reservation earn-
ings, it is difficult to isolate reservation behavior in observations of sub-
ject choices. The major observable occurrence suggesting reservation be-
havior over known alternative models is the failure to make a Cournot-repeat
bid (avoid repeating, when it would be a Cournot choice).

A subject, in failing to make a Cournot-repeat bid, reveals a lower
bound on his reservation earnings level which is equal to the "earnings quo-
tation" of that iteration. When a subject repeats, he reveals an upper bound
on his reservation earnings level which is equal to the "earnings quotation"

of that iteration, Under the presumption that the reservation earnings level

is non-increasing as iterations increase (not too implausible after a couple
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of iterations), this upper bound ought to apply to all succeeding itera-
tions, providing a test of whether this subject follows reservation behav-
ior. Reservation behavior is violated if a subject chooses not to repeat
his bid when the potential earnings associated with repeating is greater
than the upper bound of the reservation earnings level.

Beyond this, the amount by which Cournot choice earnings exceed repeat
earnings is not of much relevance in reservation behavior; it does not affect
the decision on whether to repeat (only the absolute level of repeat earnings
does). The Cournot choice earnings may affect the perceived probabilities of
being able to attain various earning levels, and‘through these perceptions may
affect the reservation earnings level. However, if this indirect affect is
less substantial than the effect the Cournot choice earnings have in alternative
models, then the relative value of the Cournot choice earnings statistic, and
the "Cournot choice earnings minus repeat earnings" statistic in predicting
behavior will be low, and the aBsolute level of repeat earnings will be a more

useful statistic.

Another possible explanation of subjects' bidding selection is Satisficing
behavior. During a particular iteration, Satisficing behavior involves repeat-
ing the bid chosen during the previous iteration (hereafter referred to as the
repeat bid or choise) if the percentage difference between the potential earn-
ings gained from a Cournot choice and the potential earnings gained from a
repeat bid is less than some threshold level. Otherwise, a subject following
Satisficing behavior would make a Cournot choice. This threshold percentage
may change as the experiment progresses, but it does not vary with the level

of earnings.

When we (Harstad-Marrese, 1979) first described this behavior as Sal is-
ficing, we thought a subject was simply not making the effort to maximize carn-
ings, but osertbed Tor coming clome, b i possthile, however, thatl Satiat i oy
behavior is the result of maximizing, for a particular perception of the problem

a subject faces.



The subject is modeled as maximizing expected utility of earnings (and
perhaps time spent) for some concave utility function (that is, the subject is
risk~averse). On any iteration, the selection of a bid is viewed as a choice
over lotteries, with earnings determined by whether and when all subjects
choose to repeat. After some iterations, the subject comes to view a Cournot
bid as riskier than a repeat bid, thus, there exists a threshold level of greater
expected earnings which is the minimum the subject requires to accepted thee

added risk.

This added risk associated with a Cournot bid stems from (a) the diminished
chance of agreement in the current and next few iterations; and (b) the strategic
risk of reactions by other players which could possibly diminish attainable
earnings. In experiments with a known maximum number of periods, the risk
associated with a diminished chance of agreement in the next few iterations
(and thus effectively an increased chance that agreement is not reached within
the time limit) is heightened. When no maximum experiment length is announced,
the subjects will still generally expect a limit, and this risk of non-agreement
may be perceived as increasing over time.

It is not uncommon for the bid pattern to become less volatile after
some iterations, and a subject may perceive the experiment as having arrived
on a convergent path, along which his earnings will not vary much. A Cournot
bid could be viewed as carrying an increased risk of throwing the experiment
off that path, and thus .spreading the distribution of earnings. It may also
carry an increased risk of altering the strategies of the other subjects, again
associated with a possible spread of the earnings distribution. If the cur-
rent level of Cournot earnings is only slightly above the current repeat ecarnings,

it is reasonable for the subject to perceive these spreads in the earnings
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distribution as involving no more than a small increase in the mean of that
distribution, and thus to be unfavorable.

This situation involves complications not dealt with in the risk-aversion
literature, but the similarities are enough to suggest the possibility of a

maximizing model which yields Satisficing behavior as its solution.

A satisficing equilibrium is a message profile m for which

i *
O F @100 Iy @D g,

- <
U, 1F, ()]

i, . i *
where m, is agent i's Cournot response tom,,,, m,.,, = m,,,, and €.> represents
i Yi( )i( )i( i

agent i's risk-perception threshold, If all agents follow such Satisficing

* ¥

behavior at m, then each will repeat m,.

If any m is a Cournot-Nash equilibrium, then m* is also a Satisficing
equilibrium since

u. [F, )] - U, [F, (n°)]
= e = 0, for all i.
U, IF, (@0

Because the set of Cournot-Nash equilibria coincide with the set of Pareto-
efficient allocations, all Pareto-efficient allocations are satisficing
equilibria. Furthermore, there exists a nondecreasing function § (¢)
so that any m for which f(@) is within 6(e¢) of the Pareto frontier (in alloca-
tion space) is a satisficing equilibrium with €;=¢ for all 1i.

Unfortunately, it is (to our knowledge) an open question to specify suf-
ficient conditions to insure that &(¢) converges to zero with e€; that is,
to insure that no satisficing equilibria can occur "well inside'" the Pareto
frontier. An example suggests that the curvature of the agents' indifference
surfaces is relevant to the efficiency of satisficing equilibria. Experiment

3-4, reported in the next section, reached an allocation (3, 4, 9, 5) with
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the message profile (1,1,1), which included the Cournot bids for agents 2 and 3.
This allocation is 77.64% efficient, considerably within the Pareto frontier.
Since agent 1 repeated to earn £6.01, when a Cournot choice of $8.19 was

<

available, this is not a satisficing equilibrium if ¢, ~.35. The Groves-

1
Ledyard "strength of incentives'" parameter, vy, was 0.67 for the experiment.
Raising y to 7.0, which is similar in effect to increasing the convexity of
indifference surface,6 would have reduced agent i's Cournot bid earnings at
™1 («,1,1) to $6.11, within 2% of the level of earnings obtained by re-

peating. This change in curvature makes the 77.649 efficient outcome a sat-

isficing equilibrium with e=.02.

The three characteristics of Cournot behavior discussed in Section |
play a major role in the underlying simplifications which are inherent in
Reservation behavior and in Satisficing behavior. Both types of behavior
depend only on the current messages of others, and not upon their past
messages (although past messages may well alter the threshold level of earn-
ings, an important characteristic of Reservation behavior). Alsc both could
be motivated by a solution to a maximization problem. However, only Satisfic-

ing behavior maintains the non-manipulative characteristic of Cournot behavior.

Section 3: Subject Behavior

We conducted nine iterative experiments in Urbana on the PLATO computer
system using an integer-bid version of the general equilibrium Groves-Ledyard
guadratic mechanism? PLATO, besides providing a greater degree of standardi-
zation of experimental procedures than could be provided by human control of
subject interaction, quickly handles the complicated cost share function which
is an element of the Groves-Ledyard quadratic mechanism. These experiments
represent the first attempt to combine two features: (1) budget balance, and
(2) use of a mechanism for which there is a theorem establishing the coincidence

of Cournot-Nash equilibria and Pareto~efficient allocations.
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€ash payments were used to induce valuations of the public good upon
subjects. The theory of induced valuation is developed in Smith (1976).
Subjects typically received rewards that average well above the wages commonly
paid to part-time employees, and the rewards varied considerably. We attempted
to have enough additional monetary incentive available whenever a significant
decision was expected of a subjecf. This is always an important consideration
in order to avoid boredom or gaming that arises when the extra cash to be |
earned is slight,

Subjects consisted solely of volunteers, primarily students at the
University of Illinois, On one occasion, as a check for subject population bias,
nonstudent subjects were used. Results from this experiment did not appear to
involve any procedural differences from the other experiments,

Each subject was placed at an isolated PLATO terminal, and proceeded
through the programmed instructions at his own pace. Subjects sequentially
and privately selected messages until unanimous support of an allocation was
indicated by repeating messages or until an upper bound on the number of
iterations was reached. If an allocation was unanimously supported, then
the allocation was instituted, and subjects were paid according to the amount
of the public good produced and their own private good consumption. If the
upper bound on the number of iterations would have been reached (this did not
occur), then earnings would have equalled zero for each subject.

All recruited subjects who showed up for a scheduled experiment were
paid $2. 1In addition, participants were paid their earnings in cash at

the end of the experiment.



Data generated from the nine experiments has been summarized in
Tables 1-4. Table 1 contains the final bid of each subject, the agreed-
upon quantity of the public good, the earnings of each subject, an
efficiency measure of the experiment and an indication of the procedural
options that were employed. The parameters for the 3-subject trials
implied the unique Cournot-Nash equilibrium, which is shown in the 1lst row
of Table 1. The 4-~subject trials were with two Courtnot-Nash equilibrium
allocations, as shown in the 2nd and 3rd fows. The values of the parameters
used in the 3-subject and 4-subject experiments appear in Appendix A.

The next-to-last column provides efficiency data. Experiments 3-3 and
4-1 reached Cournot-Nash equilibria, while experiments 3-5, 4-2 and 4-3 were
characterized by high efficiency measures. 1In fact, the general level of
efficiency figures suggests that public good decisionmaking procedures can be
specified that are approximately Pareto-efficient.

The efficiency measure which appears in Table 1 is the coefficient of
resource utilization (Debreu, 1951), which is the ratio of the minimum aggre-
gate endowments required to achieve the observed utility levels, to actual
aggregate endowments.

Another efficiency measure, which has been utilized in similar experiments,
is the ratio of actual total earnings over the maximum possible earnings along
the Pareto frontier (subject to integer constraints and other technical con-
straints). This is not a measure in allocation space of the distance from the

Pareto frontier. However, since it appears in the literature, the ability
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Table 1
Experimental Results

<1l> <2> <3> <4> <5> <6>  <7>
Subject Facility Subject
#of 1234 size 1 2 3 4 Options
iter«. nnnn T $ $ $ $ Efficiency
CN3 4 3 3 10 17.93 19.27 21.28 -99996
CN4 2111 5 17.80 23.35 19.47 19.47 .9945
CN4 2222 8 25.85 18.05 15.55 15.55 .9707
3-1 3 122 5 10.31 20.25 17.31 .8906 0
3=-2 6 312 6 12.14 19.19 21.42 .9271 1
3-3 10 4 33 10 17.93 19.27 21.28 -99996 1
3-4 17 111 3 6.01 18.92 11.94 . 7764 1
3-5 38 4 4 2 10 19.81 20.27 14.06 .9963 2
4-1 14 2 2 2 2 8 25.85 18.05 15.55 15.55 .9707 1
4-2 10 2 21 2 7 26.41 21.33 10.47 18.90 .9987 1
4-3 17 3 2 2 4 11 36.75 14.01 9.49 0.00 .9709 1
4-4 24 1111 4 17.30 22.29 17.59 17.59 .9442 1

<1>: Experiment identifier, first digit is number of subjects. First
3 rows display the Cournot-Nash equilibrium allocations.

<2>: Number of periods the experiment ran.

<3>: Final bid by each subject.

<4>: Final public good quantity.

<5>: Earnings of each subject (excludes initial $2).

<6>: Efficiency (coefficient of resource utilization).

<7>: Options (2: subjects told of 63-period maximum,
0: subjects could touch box on screen to repeat,
l: neither of these).
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to capture maximum earnings measure is:

experiment # efficiency experiment # efficiency
3-1 . 8186 4-1 .9364
32 .9020 4-2 .9628
3-3 1.0000 4-3 .7523
3-4 .6288 b-4 .9336
3-5 .9258

The correlation coefficient between the two efficiency measures is .8278.
Table 2 gives an indication of the extent to which individual subject
behavior can be explained by a variety of categorizations, most of which
were introduced by Ledyard (1978), in his examination of individual subject
data from Smith's Groves-Ledyard experiments. The table states that 11 of
the 31 subjects made Cournot choices for over 80% of the occasions when they
reconsidered their messages. 'Partial Courmot' choices are messages inter-
mediate between a repeated message and a Cournot message, and might possibly
be chosen in a belief that a sizeable change required for a Cournot choice
would destabilize the process. These categories, together with Unexplained

choices, are defined to be mutually exclusive.

Satisficing, developed in Section 2, as benchmarked in Harstad and Mar-
rese (1978), consists of repeating the previous message if repeating would
yield at least 95% of the earnings associated with the Cournot message, and

ctherwise choosing the Courtnot message.

Finally, Cost-Minimizing choices result from selecting the integer approxi-
mation to the average of the messages of others and might reflect unexplained

preferences, a misunderstanding of the instructions, or a simplistic notion
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Table 2
Subject Adherence to Choice Classifications

Frequency C R P S M U
0-19% 5 20 28 4 7 19
20-39% 3 4 3 2 2 7
40-59% 8 4 0 8 6 4
60-79% 4 1 0 6 8 1
80-100% 11 2 0 11 8 0

Entries are number of subjects who exhibited
classified behavior as abbreviated with
listed frequency. Abbreviations:

C: Cournot ¢hoice

R: Repeated choice (not C)

P: "Partial Cournot” choice

S: Satisficing choice

M: Cost-Minimizing choice

U: Unexplained choice



of indicating agreement with the others.

Cournot behavior is far from being the whole story in this data; it
accounts for over 80% of the choices of only 1/3 of the subjects, and for over
60% of choices for only 1/2. Satisficing performs only somewhat better,
with still frequent violations.

Table 3 contains information concerning the number of consecutive
concluding Satisficing choices. Section 1 presented three characteristics
of Cournot behavior are presented which simplify an individual's decision-
making process. It may be that subjects adopt these characteristics only
after a period of trial and error with other strategies. For instance,
behavior which depends on the past messages of others, the perceived
reactions of past messages of others to the subject's own past message,
the current messages of others, and expectations of the future messages of
others conditional on the subject's current message, may initially seem
quite appealing to a subject. However, after a number of iterations the

subject may become frustrated or exhausted in his attempt to integrate these



Table 3

Consecutive Satisficing Choices
Each entry below represents one subject

Columns are classified by 100% «%

Entries appear as (A,B,C) where

number of consecutive Satisficing choices at the end of the experiment

1]

total number of Satisficing choices

total number of choices

0% 7% - 33% 40% - 55% 75% - 100%

(6,6,6)

(4,4,4)

(3,3,4)

(3,3,3)

(3,3,3)

(7,9,13) (3,3,3)

(4,4,6) (3,3,3)

(0,3,12) (2,2,5) (3,3,3)
(0,0,6) (2,3,4) (3,3,3)
(0,0,5) (2,5,6) (1,1,2) (1,1,1)
0,1,2) (1,8,14) (1,1,2) (1,1,1)
(0,0,2) (1,4,6) (1,1,2) (1,1,1)

(0,0,1) (1,2,5) (1,1,2) (1,1,1)



considerations. Over time he may adopted the simplification of basing his
choice on the current messages of others and on some consideration of the
riskiness of not repeating. Such a simplification may lead to Satisficing
behavior. We take the point at which a subject begins a consecutive string
of Satisficing choices at the end of the experiment as an indication of
when an individual may have adopted Satisficing behavior.

The 13 subjects represented in the right-most column are clearly con-
sistent with Satisficing. However, the strongest indication of a change
to Satisficing behavior during the experiment comes from the first 3 of
the 8 subjects in the third column. Suppose as a null hypothesis, that,
given the overall frequency of Satisficing behavior for any particular
subject, any ordering of Satisficing and non-Satisficing choices was
equally likely to be observed. Under that hypothesis, the probabilities of
observing as long a consecutive concluding sequence of Satisficing choices
for these 3 individuals are 3/143, 1/15, and 1/10, respectively. There are
ten other subjects for whom this probability is less than or equal to one-
half. To this extent, the evidence suggests that, for the amount of Satis-
ficing behavior observed, Satisficing choices were disproportionately fre-
quent toward the end of the experiments.

It is difficult to summarize the data in a manner which clearly illus-
trates the role of Reservation behavior. Table 4 presents the iteration
during which each behavioral type, including Reservation behavior, was first
rejected for the 31 subjects of our nine experiments. The entry N

in Table 4 indicates that a particular strategy was never rejected by



ID =

=

PC =

Res =

3-1-1
3-1-2
3-1-3
3-2-1
3-2-2
3-2-3
33-1
3-3-2
333
3-4-1
3-4-2
3-4-3
3-5-1
3-5-2
3-5-3
4-1-1
4-1-2
4-1-3
b-1-4
4-2-1
l4=2-2
4=2-3
l4-2-4
4-3-1
l=3-2
4-3-3
=314
h-4-1
b2
b3
leli=t;
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Table 4

Time of Strategy Rejection

code specifying the number of people in the experiment, the experiment
number, and the subject under consideration

total number of choices made by each subject

iteration
iteration
iteration

iteration

during
during
during

during

(a,b) where a is
and b is the iteration during which the upper bound was violated

#

LoV W w NN
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C
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which Cournot behavior was first rejected

which Repeat behavior was first rejected

which Partial Cournot behavior was first rejected
which Satisficing behavior was first rejected

the iteration during which the upper bound was revealed

R PC s Res
N 1 1 N
N 1 N N
N 1 N N
1 2 1 N
N 1 1 N
1 1 1 N
1 1 3 (2,3)
1 1 2 N
1 1 1 N
1 1 1 N
2 1 2 (1,2)
1 1 1 N
1 1 3 (8,9)
1 1 1 (3,5)
2 1 1 (1,2)
1 1 1 N
2 1 2 N
1 1 N N
1 1 N N
1 1 N N
2 2 2 N
N 2 2 N
1 1 1 N
1 3 1 N
2 2 2 N
1 1 4 N
1 1 1 N
1 3 1 N
1 1 4 (2,3)
1 1 1 N
1 1 1 N
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the subject under consideration. Reservation behavior is rejected at some
time during the experiment for only 6 of 31 subjects, whereas Cournot behavior
is rejected for 22 subjects and Satisficing behavior for 26 subjects.9 Given
that our criteria for rejection of Reservation behavior allows for a wide
range of message selection, we can only conclude that Reservation behavior may
be an important element in understanding subject choices during public good
decisipnmaking experiments.

One approach to the analysis of Reservation behavior is to determine
how much it adds to behavior unexplained by the other message strategies. On
the negative side, the Reservation model adds nothing to 'adequate' explana-
tions of the behavior of 12 subjects, but only 2 of these explicitly violated
the Reservation model. In addition, one subject apparently believed that the
object of the experiment was to make exactly zero earnings -~ not an attractive
example of Reservation behavior. Still another person selected four complctely
inexplicable bids, then his last two bids were Cournot. Nonetheless, he did
not violate the Reservation model. Finally, a third person's bids were only
consistent with Reservation behavior and a sharp drop in the reservation earn-
ings level.

On the positive side, there were 6 subjects who made early choices that
we can only explain with Reservation behavior and who never rejected Reservation
behavior. Among these subjects, 3 consistently selected Satisficing choices
at the end of the experiment and 3 reached agreement rather quickly. Then
there were 10 subjects who made early choices that we can only explain by
reference to Reservation behavior, but who later were somewhat inconsistent
with Reservation behavior (4 explicitly violated the model and 6 required a

sharp drop in the reservation earnings level to remain consistent throughout



the experiment). Most of these 10 subjects followed Satisficing behavior at
the end of the experiment. So Reservation behavior during the early stages
of an experiment coupled with Satisficing behavior from then on seems

to give rise to the most complete explanation of subject behavior we have
uncovered so far,

This explanation of behavior is consistent with the observance of
generally high efficiency levels in the experiments. A few individual
subjects who did not regularly follow Satisficing behavior are apparently
the cause of the couple cases of somewhat lower efficiency; hence, these
are not examples of inefficient satisficing equilibria. WNonetheless, an
understanding of the circumstances under which non-negligibly inefficient
satisficing equilibria can occur, and how iikely they are to be observed
in decisionmaking environments, would carry the explanation a substantial

step further,



Using the notation developed in section L,

(1) 3-person experiments with

U2 (YO, y2) =

Uy (yo, y3)

2.00 y_°

1.95 y
o
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APPENDIX A

96 yl'24 - 2 where
.24 y2.96 -9 where
80 y3'80 -3 where

1.70 yo'

the parameters for the

(4,3,3) as the Nash equilibrium are:

w, = 5
i

w, = 10

w3 = 6

A feel for the strength of incentives at the Nash equilibrium may

be obtained by examining the payoffs at the equilibrium and at sur-

rounding points,.

message profile m,

U [ 4,3,3)

U1|(5,3,3)
U;13,3,3)
Cost share
(2)
Uy g vy
U2 (yo’ y2)
Uy (5.5 ¥3)

U, (yo, y4)

it

parameters:

17.93

14.53

17.47

= 7.35 y_

il

7.35 yo'

7.35 yo'

U,|4,3,3) = 19.27
U2|(4,3,3) = 18.74
Uy|(4,2,3) = 18.43

Let Ui m be the utility of individual i at the

Uy]4,3,3,)

Y31 4,3,4)

v=0.67, unit cost of the public good = 2

.72 yl.18 _ here
18 y2'72 - 16 where
39 y3’51 - 8 where
39 y4'51 -8 where

7.35 yo'

W= 5
w, = 9
Wy = 6
w, = 6

]

4 -person experiments with (2,2,2,2) as the Nash equilibrium are:

21.28

20.66

i8.63
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(3) 4-person experiments with (2,1,1,1) as the Nash equilibrium are:
the same utility functions, initial endowments, and cost share
parameters as (2); however, the strength of parameters is

evaluated around a different Nash equilibrium.

U, [(2,1,1,1)=17.80 U, [(2,1,1,1)= 23.35 U3|(2,1,1,1)=19.47 U, [(2,1,1,1)=19.47

= 2,2 =
U;1G,1,1,1)= 0.00 U,|(2,2,1,1)= 20.87 U1 (2,1,2,1)=17.89 0,12,1,1,2)=17.89

u,1(1,1,1,1)= 17.30 U,}(2,0,1,1)= 16.19  U,{(2,1,0,1)=12.14 U, |(2,1,1,0)=12.14
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Footnotes

1 See Samuelson (1954).

2 The term marginal evaluation may be defined as the corresponding
public good support price of the hyperplane tangent to an
indifference curve, or equivalently as the ratio of marginal
utility of public good consumption to marginal utility of income.

3 Precisely, this means that there exists an allocation which
Pareto-dominates the allocation resulting from the decentralized
procedure, such that the Pareto-dominant allocation contains a
higher level of public good production,

4 The outcome function for the Groves-Ledyard Mechanism is f(m) =
[ %lnj’ woo- Ci(m),...,wI - cI(m) ].

Agent i's share of total public good production cost is

- 9 + X
Ci(m) I ij 2 pi,
]
where p; = [lil"(m -ul) -0

e
=
1
i
||P"“
ot
—J
—-
™
fut
3
=

o, = a(l) £ I {m, - ) and
J#L kA S

— -1
a(l) = 2{;1-1) (1-2)
q is the unit cost of the public good and y is the
"strength of incentives' parameter.
5 Earnings are the basis of the reward structure which connects

an explicitly known preference ordering to a participant's
primitive preference ordering.
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Footnes (cont'd.)

6 The cost-share formula (see footnote 4) includes in p,, the
squared deviation of an individual's message from the méan
of the messages of others. 1Increasing the impact of p, by
increasing vy is analogous to decreasing agent i's marginal rate
of substitution at a faster rate. For Cobb-Douglas utility
functions (as in the example and the experiments in section 3),

3 d {3y
(By. E.) > 0.
1 1

o) v,
ay

7 In addition, we conducted a 3-person experiment prior to the
nine reported. This experiment must be regarded as a pilot
experiment, because we discovered an error in the computerized
calculation of the cost shares, The error makes analysis of
the final allocations and efficiency figures meaningless for
the pilot experiment. Individual choices, however, may be
analyzed in terms of the opportunities the subjects actually
faced, and these data--which are limited by only 4 iterations
in the pilot experiment--are mentioned in succeeding footnotes.

8 The four choices by the subjects in the pilot experiment were
all Cournot choices. (Of course, the last 3 were also repeats.)

9 The analogously categorized time of strategy rejection data
for the pilot experiment are:

$# ¢ R B S  Res
1 2 N 1 1 N N
2 1 N N 1 N N
3 1 N N 1 N N

The experiment was too short to provide any useful data on
Satisficing or Reservation behavior.
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