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Public Goods: A Survey of Experimental Research

John O. Ledyard*

Environmentswith public goods are awonderful playground for those interested in delicate
experimental problems, serious theoretical challenges, and difficult mechanism design issues.
In this chapter | will look at one small but fundamental part of the rapidly expanding exper-
imental research. In Section 1, | describe a very ssmple public good experiment —what it is,
what some theories predict, what usually happens, and why we should care — and then provide
a methodologica and theoretical background for the rest of the chapter. In Section 2, | look
at the fundamental question: are people selfish or cooperative in volunteering to contribute
to public good production? We look at five important early experiments that have laid the
foundations for much that has followed. In Section 3, | look at the range of experimental
research which tries to identify and study those factors which increase cooperation. In order
to help those new to experimental work | have tried to focus on specific experimental designs
in Section 2 and on general results and knowledge in Section 3. The reader will find that the
public goods environment is a very sensitive one with much that can affect outcomes but are
difficult to control. The many factors interact with each other in unknown ways. Nothing is
known for sure. Environments with public goods present a serious challenge even to skilled
experimentalists and many opportunitiesfor imaginative work.

1 Introduction

Some of the most fundamental questions about the organization of society center around issues
raised by the presence of public goods. Can markets provideoptimal alocationsof public goods

*1 thank the Flight Projects Office of the Jet Propulsion Laboratory of NASA for their financial support. For
their intellectual help and advice, | thank Peter Bohm, Don Coursey, Robyn Dawes, Roy Gardner, Mark Johnson,
John Kagel, Jamie Brown-Kruse, Susan Laury, Gerald Marwell, Rosemarie Nagel, John Orbell, Elinor Ostrom,
Tom Palfrey, Charles Plott, Amnon Rapoport, Al Roth, Tatsuyoshi Saijo, Steve Slutsky, Richard Thaer, James
Walker, most of the participants in the Conference on Experimental Research on the Provision of Public Goods
and Common-Property Resources at the Workshop in Political Theory and Policy Analysisat Indiana University,
and especialy Mark Isaac without whom | would not have gotten even this far. Some of these strongly disagree
with parts of my commentary. They may be justified.



such asair pollution or public health? How well do current political institutions performin the
production and funding of public goods such as space exploration or national defense? How
far can volunteerism take us in attempts to solve world environmental problems? If existing
ingtitutions, thrown up in the natural evolutionary process of history, do not produce desirable
results in the presence of public goods, can we discover other organizational arrangements
that would better serve the interests of society? At an even more basic level, public goods
raise issues about the very nature of humans. Are people cooperative or selfish? Do they
behave differently when confronting public goods decisions than when making private goods
decisions? Are altruism or fairness concepts that a social scientist must come to terms with
before solving the organizational problems or can these phenomena be safely ignored? Such
guestions have been argued throughout history on the basis of much introspection and little
evidence. With the devel opment of an experimental methodol ogy for economics, we now enter
anew erain the debates.

1.1 A SimplePublic Good Experiment

Perhaps morethan in any other area covered by thishandbook, it is difficult to identify atypical
experiment. Aswe will see, there are as many variationsin procedures and treatments as there
are research groups. For now, let uslook at a design that has some of the basic features of many
and is easy to describe and understand.

What does a Public Good Experiment Look Like? Four male undergraduates from a
sociology course are brought to aroom and seated at atable. They are each given an endowment
of $5. They are then told that each can choose to invest some or al of their $5 in a group
project. In particular, each will smultaneously and without discussion put an amount between
$0 and $5 in an envelope. The experimenter will collect the “contributions,” total them up,
double the amount and then divide this money among the group. The private benefit from
the public good, in this case, is one half the total contributions which is what each receives
from the group project. No one, except the experimenter, knows others contributions but all
know the total. The procedure is implemented and the subjects are paid. The data collected,
beyond the description of the experimental parameters, is ssimply the amount contributed by
each individual.

What Should One Expect to Happen in this Public Goods Experiment? There are many
theories. One, the economic/game-theoretic prediction, is that no one will ever contribute
anything. Each potential contributor will try to “free ride” on the others. Inthistheory itisa
dominant strategy to choose $0 in the experiment because each $1 contributed yields only $.50
to its contributor, no matter what the others do. This is called a public goods problem or a
socia dilemma because the group would be best off in some sense (taking home $10 each) if
all contributed $5. Each $1 contributed yields $1.50 to the others at no cost to them. From the
point of view of this theory, individual self interest is at odds with group interest.



Another theory, which | will call the sociologic-psychologic prediction, is that each subject
will contribute something. Although it is hard to find precise statements, it is sometimes
claimed that altruism, social norms or group identification will lead each to contribute $5, the
group optimal outcome. From the point of view of this theory, there is no conflict between
individual and group interests.

What does Happen in a Public Goods Experiment? Examination of the data reveals that
neither theory isright. Inmany cases, some contribute $0, some contribute $5 and some choose
amiddle course and contribute something less than $5.. Generally, total contributions can be
expected to lie between $8 and $12, or 40% to 60% of the group optimum. The statement
in Dawes and Thaler (1988) is “It is certainly true that there is a ’free rider problem’ ...On
the other hand, the strong free rider prediction is clearly wrong.” This lack of precision is
disconcerting. They seemto claim that afull range of behavior exists from fully selfish to fully
atruistic. If so, outcomes in public goods environments can be almost anything depending on
which subjects walk into the room and we can learn no more from further experiments. More
likely, theimprecision of resultsisdueto thefact that we have smply not yet achieved sufficient
control in our public goodsexperimentsto be ableto identify what isreally happening. Itisonly
recently that careful experimental work has begun to uncover how changesin payoff parameters
and in ingtitutional features can change the amounts contributed for the production of public
goods. Being ableto change amounts contributed by changing treatments means some measure
of control can beachieved. We are thus beginning to understand behavior through better control
and a growing accumulation of evidence.

Why should We Care about Public Goods Experiments? Both economists and sociologists
recognize that the desired outcome is for all to contribute $5. The experimental evidence
suggests that voluntary contributions will not produce that desired outcome. Economic theory
suggests' that it may be possible to change the institutions by which group choices are made
in away that causes the outcome to be closer to the group optimum. To know how to do
that, however, requires anticipating how individual choices will change as the institutions
change. Since both the economic/game-theoretic and socio-psychologic theoretical predictions
are wrong, we need to discover more about behavior not only in the context of voluntary
contributions but also in the presence of many institutional designs. Experiments are the only
way to do so.

1.2 TheArt of Experiment: Sensitivity and Control

The research problem underlying this survey, then, is to understand behavior in the presence
of public goods and in the context of many institutions. Once that understanding is achieved,
al the other questions we have raised can be answered in arelatively straight-forward manner.
On a broader level, the search is really for useful principles of behavior that apply across all

1See, for example, Groves and Ledyard (1977) or Ledyard and Palfrey (1992).
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environments and institutions. If we are successful as social scientists, we should be able to
model behavior in the same way whether there are private or public goods and whether there
are markets or committees. On the surface, this statement is simply a tautology; on deeper
examination, it is the heart of what a theorist triesto do. To illustrate, suppose it were shown
experimentally that subjects behaved differently when instructions were on green paper than
when they were on white paper. To explain this phenomenon, we could add a parameter to
our model of behavior, caled for example “the color of the paper on which instructions are
written.” Suppose our original model of behavior is i(€); that is, if the experiment ise we will
observe p(e), and if the experiment is € we will observe p.(€). If behavior is ;1g Wwhen green
paper is used and p,, When white is used, the new theory is x(e;X) where p.(€;0) = 1q and
(€ w) = uy. Thisdoes not, of course, allow usto predict what will happen when red is used;
w(;r) =?. For that we need a set of principles, a set which allows us to say something about
behavior for any color. We would ultimately liketo be able to say: you give me the details of
the environment and a compl ete description of an institution, then my model of behavior will
predict what will happen. Thus, the study of behavior in the presence of public goods should
be viewed smply as an extension of the more general study of behavior in groups, examples
of which are covered throughout this book. Experimentalists must believe this, if the results of
the lab are to tell us anything about behavior in the field. Theorists must believe this, if they
are to be able to predict the implications of changesin institutional designs.

One might take this view, that principles of behavior exist independent of environment
and ingtitution, to imply that there is nothing special about studying behavior in public goods
or dilemma environments.? That would be an incorrect inference. In fact, | think these are
exactly the right environmentsfor one ssimple reason: aggregate results and measurabl e aspects
of behavior seem to be very senditive to variations in parameters and other treatments. For
example, experiments in private good environments, such as the work with Double Auctions
(see chapter Sunder (1994)) and bargaining (see chapter Roth (1994)), seem to produce similar
predictable results independent of the experimenter, subject pool, and parameters. Demand-
supply equilibriaarise in ssimple marketsin spite of subject “mistakes’ or other characteristics.
When one subject errs® in a Double Auction with private goods, another will immediately
adjust and take advantage of the mistake but the rest of the group will not be too severely
affected. A buyer may take advantage of a seller’s error but the group still achieves near 100
percent efficiencies. Subtletiesin behavior are difficult to identify and measure. In public good
environmentsthis*“averaging” or “smoothing” phenomenon can not happen. A misstep by one
isfelt by al and can not be easily corrected. Subtleties in behavior are not only identifiable
and measurable, they are endemic. Public goods and dilemma experiments appear to be the
simplest environment within which to uncover variationsin behavior in groups.*

2There would be something special about studying institutions, though.

31t is not always obviouswhat is an error and what is some subtle form of sophisticated play but for purposes
of this example suppose a seller offers to sell a unit at less than her marginal cost. Thisis either an error (aloss
will beincurred) or an altruistic act. We generaly treat it as amistake.

4] emphasize groups here since single person decision experiments lack the ability to examine complicated
feedback effects from interpersonal interactions.



Of course the sensitivity of the experimental medium is a double-edged sword. Control is
made moredifficult. Let meillustratewhat | mean. When | was taking freshman physics, | was
required to perform a sequence of rather dull laboratory exercises (which may be one reason |
became an economic theorist). One standard experiment involved rolling a steel ball down a
ramp with a ski jump at the end. The trajectory followed by the ball was to be filmed, using a
strobe camera, so we could plot the parabolic arc of the ball and confirm that Newton's Laws
were indeed consistent with experimental evidence. In an effort to enliven the proceedings, my
lab partner and | substituted a ping-pong ball we had painted silver and, during itstrajectory, we
gently blew on it. The resulting experimental evidence captured on film, that Newton's Laws
appeared to be rgected, was indisputable. Nevertheless, the lab instructor rgected the data
as inconsistent with the theory. More correctly, he did not believe they were replicable with
the original equipment. Ping-pong balls can allow the experimenter to display effects hidden
by the insengitivity of metal balls; but ping-pong balls also allow unintended and uncontrolled
intrusions to contaminate and mislead.®

Public goods and dilemma experiments are like using ping-pong balls, sensitive enough
to be really informative but only with adequate control. For example, the experiment we
described in Section 1.1 is neither particularly elegant nor carefully controlled. Even so, at
least twelve major choices have been made in creating this design: (1) the number, (2) gender
and (3) education of the subjects, (4) whether they are face to face or acting through computer
terminals or in isolated rooms, (5) how much endowment to give to each and in what form
(cash, tokens, promises, ...), (6) whether discussion is alowed and in what form, (7) whether
contributions are private or public, (8) by how much to increase the total contributions, (9)
how to divide up the larger pie (for example, in proportion to contribution or to number), (10)
whether or when to announce the results, (11) whether to pay subjects publicly or privately
and finally (12) whether to run the procedure once or, say, 10 times. Each of these choices
represents a potential treatment or control. Each treatment has been shown by at least one
experimenter to have a significant effect on the rate of contribution.® This means, there are
more than 2'? possible designs.” Further, there still remain uncontrolled phenomena which
might affect behavior in the experiment such as the experience of the subjects, whether they are
roommates or not, the beliefs and risk-attitudes of the subjects, and the willingness of a subject
to trade decision making effort and precision for the dollars to be made in the experiment. In
many Double Oral Auction experiments? this lack of control does not seem to be a problem.
But, aswe will see, it causes serious difficultiesin the voluntary provision of public goods.

Experiments with Double Oral Auctions and private goods yield precise replicable patterns
of data on exchange prices and quantities. markets are easy to control but provide little

SUsing sted balls allows control but is not very illuminating.

8In fact, for most of these variables it is possible to find experimental evidence suggesting a positive effect,
evidence suggesting no effect, and evidence suggesting a negative effect. See Section 3.

"Variables such as number of subjects and the conversion rate of contributions into public good make the
possibilitiesinfinite.

8See chapter Sunder (1994).



insight into individual behavior.® Experiments with voluntary contributions mechanisms and
public goods yield imprecise patterns of data on contributions: volunteerism is not very easy
to control but, perhaps, yields some insight into individual behavior. This delicate balance
between sensitivity and control is a constant challenge to experimentalists. Sometimes the
language and theory can be a guide.

1.3 TheLanguage of Experiment: Mechanismsand Environments

Modern developments in theory and experimental methods have created a framework and
a language within which to study systematically the questions raised at the beginning of this
chapter. Thisnew framework, called mechanism design'®, also providesan outlinewithinwhich
to organize what we know about public goods experiments. The main components featured
are environments, outcomes, performance criteria, institutions and models of behavior. To see
how these fit together into a coherent and useful framework, et uslook at them one at atime.

An environment describes the details of the situation that the analyst takes as given and
the experimentalist manipul ates; the exogenous variables. Included in the environment are the
number of people, or agents, their preferences and endowments, the physical constraints on
behavior (biological and physical laws), those aspects of the legal structure (such as property
rights) that will be taken as fixed, the structure of information (who knows what and to what
extent might that be common knowledge), the technical details and possibilitiesfor production,
and soforth. Alsoincluded inthe environment isadescription of the range of possible outcomes
of interest to agents.

Outcomes are what the furor is al about. An outcome describes the final distribution
of resources and payoffs. How each individual feels about the outcome will depend on the
particular environment since an individual’ s preferencesfor outcomesare part of the description
of an environment. Similarly whether a particular outcome might be good for the group will
depend on the details of the environment.

A performance criterion determines, for each environment, a ranking over outcomes. The
idea is that in each environment the best outcome is the one which is ranked highest by
the performance criterion. A standard performance criterion used in experimental work is a
cost/benefit measure!! which computesthe sum of payoffsreceived asapercent of themaximum
attainable. From a mechanism design point of view, if someone knew all the details of the
environment (and were benevolent) we could ssmply ask them to announce the best outcome
for that environment. One problem that might arise would be the difficulty in communicating

9See Eadey and Ledyard (1992) for the extensive range of behaviors which are consistent with the data.
1This structure has been developed over many years by many researchers. Examples can be found in
d’ Aspremont and Gerard-Varet (1979), Groves and Ledyard (1987), Hurwicz (1972), Myerson (1991), Kiser

and Ostrom (1982), Radner (1987), and Smith (1982a). A compl ete exposition would reguire another book.
1Thisissometimesincorrectly identified asefficiency or Pareto-optimality in environmentswithincome effects.
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al relevant details and the complexities in computing it. But one of the main contributions of
modern economics is the recognition that information about the environment is dispersed and
that individuals may have incentives not to provide the requested information. Further, even
if the information is correctly known, self-interested agents may be unwilling to follow the
suggested actions. Enforcement is, thus, another possible problem. We cannot readily rely on
beneficient omniscience.

Instead, ingtitutions arise to aggregate information and coordinate activities. Aninstitution
specifies who should communicate with whom and how, as well as who should take various
actions and when. An example of a very simple institution designed to deal with public
good production is the Voluntary Contributions Mechanism (without communication) in which
each individua is told to contribute an amount of a private good privately and without any
information about what others are doing, asin Section 1.1. The level of public good provided
then equals that producible with the total private good contributed. The outcome describes
the amount of public good produced and the amount of each contribution. Given a set of
individuals, their preferences and their endowments, the outcome we observe is the result of
both the mechanism rules and the choices made by the agents. Another more complicated
institution is the modified Lindahl mechanism in which all agents write down a schedule of
their willingness-to-pay (in private good) for various amounts of a public good. The level of
public good is chosen to maximize the sum of the willingness-to-pay minusthe production cost.
Each individual is required to contribute (pay) an amount equal to their marginal willingness
to pay (for that amount of the public good) times the amount of the public good. The outcome
describes the amount of the public good produced and the amount of each contribution. The
possible outcomes for the Lindahl mechanism are exactly the same as those for the voluntary
contributions mechanism. But the actual values achieved may be very different because the
choices of the agents may differ in the context of different mechanisms.

A particularly interesting question is whether the individuals would be better off with the
voluntary contributions mechanism or with the modified Lindahl mechanism. To answer this
we must be able to evaluate the performance of these ingtitutions. To evaluate how well an
ingtitution performs (according to a particular performance criterion) we need to be able to
predict what outcomes will occur in each environment when that institutionis used. To do that
we need a model of behavior; that is, we need a theory of how individuals respond in each
environment to requests for information and action by an institution. In general, the model will
predict different responses in different environmentsto the same institution as well as different
responses in the same environment to different institutions.

Figure 1, due to Mount and Reiter (1974), captures all the components of the framework.
E isaset of environmentsand A is a set of outcomes. P : E — A isthe performance criterion
where P(e) = {a} is a (possibly set-valued) function which identifies the best outcomes for
each environment e. The ingtitution is (M, g) where M is the language of communication'?

12This can include iterative procedures, bids and offers, votes, oratory, etc.



Figure 1:

and g(mt, ..., m) specifies the outcomes which are chosen if each individual i responds to the
ingtitution with m'. The behavioral model is ;» where (e, (M, g)) = (mt, ...,mV) specifies how
each individual will actually respond if the environment is e and the ingtitution is (M, g).

This structure makes it easy to recast our earlier questions in a more precise form and to
identify a variety of other interesting questions. Let us look at three. (1) How does a given
ingtitution (M, g) perform and does it perform optimally over arange of environments; that is,
what is i[e, (M, g)] and does y(e, (M, g))cP(e) for al ecE? Examples of this type of question
are. do markets efficiently allocate resources in private goods economies, and how efficient is
the allocation of resourcesin apublic goods environment if werely on voluntary contributions?
(2) Is 1 a good theory; that is, do we observe p(e, (M, g)) as we vary both e and (M, g)?
Examples of these types of questions are: do buyersin afirst-price sealed bid auction follow
Bayes-Nash strategies, and are agentsin a public goods situation selfish or atruistic? (3) Can
we design an optimal mechanism for a class of environments; that is, given (E, P) can we find
(M, g) such that «(e, (M, g)) = P(e) for all ecE? Examples of thistype of question are: how can
we fix up problems caused by market failure such as air pollution, how should we organize a
firm, and how should we make decisions about public goods so that desirable outcomes occur?
If we can simultaneously observe the details of the environment, e, the mechanism, (M, g), and
the outcome for awide variety of environments and mechanisms, we have a chance to answer
these questions without making arbitrary assumptions about behavior. Experiments provide
the opportunity.

1.4 The Range of Public Goods Environments

The range of experiments which have a public goods structure is more extensive than most
realize. To see why, let me describe some very simple environments with public goods. There
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are two goods, one private and one public, and N individuals. Each individua i = 1,..,N is
endowed with some amount of the private good, z. The public good is produced from the
private according to the production function y = g(t) where t is the amount of private good
used to produce y. An outcome is alevel of public good, y, and an allocation of the private
good for each agent x*, ..., xN. Each agent values outcomes according to the utility function'®
U'(X,y). Feasible outcomesarea = (y,x%,...,xV) such that y = g[=N,(Z — x)]. We will call
t' =7 — X' theamount of i’s payment for the public good and occasionally restrict the range of
possible t'. For example, sometimes it is required that t' [0, Z], the endowment is divisible
but no one can contribute more than Z, nor can they repeat compensation, and sometimesit is
required that t' € {0,Z}, either Z is contributed or nothing is contributed. We can summarize
the environmentase=<g,U%,...,UN, 2, ..., 2N >,

Virtually any public good or social dilemmaexperimental environment isaspecial case of e
in which specific formsfor (g, U%, ..., UN) and specific valuesfor 2, ..., 2N arechosen.** U' is
then paid to i based on the choices of Xy, ..., X,. One special case, called the linear symmetric
variable contribution environment, has been used extensively in experimental research'® and is
described by g(t) = tand U'(x,y) = px+y. Itiscalledlinear becauseof theassumptionthat all
U' and g arelinear functions. Itiscalled symmetric because arenumbering of the agents should
change nothing. It is called variable contribution because X' can be any real number. Another
environment, called the linear symmetric threshold environment'® is described by g(t) = 1 if
t > t and g(t) = 0 otherwise, and U'(X,y) = px +vy. Itis caled threshold because of the form
of g.

There are many other classes of experimental environments which also have the public
goods structure. For one example, consider the common property resource problem of Walker,
Gardner, and Ostrom (1990). They study problems “that potentially arise whenever multiple
appropriators withdraw resource units from a common-pool resource (CPR).” In their exper-
iments, individuals are endowed with T tokens and choose to invest t; tokens. Each i is then
paid h;(t) where

hi(t) = 5(T — t) + (t/ > t) (232 te— 2503 tk)2) .

The idea is that the investment of t; creates a negative externality and lowers the marginal
physical product of others’ individual investments, t;. To see why this can be thought of as a
public good environment, let z = T, g(t) = 23 — .25t, and U'(X,y) = (z — %)y + 5%. Here, X' =
z —t; istheamount of the private good endowment Z whichi choosesto retain for consumption.’

B3This assumes i is "sdlfish”". We will see later why one might want to relax this assumption. In fact, we will
need to go further and distinguish the payoff to subjects, say p'(X,y), from the utility they get, V' = Vi(p', 5"
where 5 may be a collection of variables which are difficult to observe or control or ' may include the payoffs
to others. If weknew ' then U'(X,y) = VI(p'(X, y), 5").

14This point is also made, with graph in Dawes (1975).

BThisisthe basis of Isaac, Walker and Thomas(1984) among others.

16See Dawes, Orbell, Simmons, and van de Kragt (1986).

An equivalent theoretical representation in the space of investments would yield U'(t',y) = t'y — 5t' + 57.
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The fact that dg/dt < 0 should not deter one from recognizing the public good nature of this
environment. We can further transform variablesto makethe point. Lety* = g*(t) = .25t. Then
dg/dy* >0. Letz =T. LetX =T —t; =z —t;. Let U*(X,y*) =5x +23(z — %) — (z — X)Y".
(In the investment space, one would have U*/(t',y*) = 57 + 18t; — t'y*.) Here one might be
tempted to call y* a public bad because increases in y* yield decreases in U*'. Also there are

income effects since 1

Y — 18;60'

Nevertheless, the fundamental public good structure is revealed by the careful description of
the environment. This also illustrates that the same economic environment can be presented
to subjects in many apparently unrelated formats. One hopes that behavior would be the same
whether h;(t), U'(x;,Y), or U*(t;, y*) isused, but thisis rarely checked.

d[dU*/dy/dU*/dx']/dx =

Another example arises in a totally different context. In Cournot Oligopoly models, (see,
e.g., chapter Holt (1994)) firms choose quantities ¢, the market price which depends on the
total amount brought to market is P(2q;), and firms are paid =; = P(Z¢)q — C'(qg;) where C'()
isi’scost function. Let g(t) = P(t) and U'(x,y) = X'y — C'(X) to see why thisis a public good
environment.

| have listed many of the examples | am aware of'® and the appropriate references in
Appendix A. One may think it is stretching a bit to include all of these as public goods
environments, but the advantage gained by recognizing that these are all the same structure is
that it brings more experimental datato bear on the really difficult question: what is behavior
in the presence of public goods?

1.5 What IsAnd IsNot To Be Surveyed

The contents of a complete survey on public goods experiments would include material from
four main categories: (1) experiments with voluntary contributions mechanisms over a wide
range of environments, (2) experiments with a wide range of mechanisms over alimited class
of economic environments, (3) experiments with mechanisms in political environments, and
(4) experiments with applications or policy problems as the focus.

Category (1) includes work by sociologists, socia psychologists, political scientists, and
economists intended to isolate fundamental aspects of group behavior when voluntary contri-
butions are socially desirable but individually bad. In this paper we will concentrate on this

In each case the initial endowment is a parameter in the utility function but it is exogenous, fixed and known so
that creates no theoretical problems under standard economic and game theories. There may, of course, still be
differences in subject behavior when payoffs are presented in the different formshj(t), U'(t;, y), and U'(x;, y). See
Section 4 for more on this problem of presentation.

18See Schram and Sonnemans (1992) for another involving voter turnout.
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category of work.®

Category (2) includes work primarily by economists aimed at identifying those aspects of
mechanisms which might lead to socially optimal outcomes even if basic individual incentives
operate to foil such goals. Much of this work is motivated by the theoretical findings of
Hurwicz (1972) and others?® A good example of early work in this areais found in Smith
(1979a, 1979b, 1980). A follow-up study to Smith’'s research can be found in Fergohn,
Forsythe, Noll, and Palfrey (1982). An example of more recent work, is found in Banks, Plott,
and Porter (1988). Work from psychology would include Shepperd (1993).

Research in Category (3) has been predominantly generated, as one might expect, by
political scientists. In political environments, no compensation is available to ease the group
decision making process. As opposed to economic environments in which transfers of the
private good from winners can be used to compensate losers, in political environmentsthereis
more of aflavor of multilateral bargaining. A classic example of thistype of research, focusing
on the institution of committees, isfound in Fiorinaand Plott (1978). A survey of more recent
work, including institutions based on elections, can be found in McKelvey and Ordeshook
(1990).

The research in Category (4) has more of an applied flavor than that in (1)-(3). Here, the
experimental lab serves the mechanism designer in the same way the wind-tunnel does the
aeronautical engineer and the towing tank does the naval architect?! Mechanisms which are
created from the imagination of designers can be tested in a controlled environment. We need
no longer be restricted to studying only those organizations thrown up by the slow evolution
of naturally occurring institutions. An early example of thiswork is Ferejohn and Noll(1976)
and Fergjohn, Forsythe, and Noll (1979). A more modern example is Banks, Ledyard, and
Porter (1989). Here the basic research in mechanism design meets the world of everyday
problems. Airport dot allocation (Grether, Isaac, and Plott (1989), Rassenti, Smith, and
Bulfin (1982)), coordinating the use of shared facilities (Banks, Ledyard, and Porter (1989)),
managing the development and operations of deep space missions (Olson and Porter (1994)),
environmental control through markets (Francios et al. (1991), Ledyard and Szakaly (1992))
and siting noxious facilities (Brookshire, Coursey, and Kunreuther (forthcoming), Kunreuther
et al. (1986)) are just afew of the complex organizational problems being attacked. Although
thisisaninfant science, | believethat mechanism design and testbedding will ultimately become
the foundation of policy analysis.

| do not have space to survey al research across (1)-(4). | have chosen to cover only
(1) — behavior in voluntary contributions mechanisms in public goods environments — for

191 will, however, not survey two-person games.

2OFor arecent survey of the theoretical literature see Groves and Ledyard (1987).

2ln an early work (1984) for the Jet Propulsion Lab of NASA on space station allocation, | adopted the phrase
“testbedding,” used by their engineers to describe one phase of spacecraft development, to identify this type of
experimental organizational analysis.
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two main reasons. First, the research, development, and application of mechanisms in (2),
(3), and (4) requires a basic understanding of behavior in group situations. The research on
voluntary contributions mechanismsis one of the ssmplest waysto develop that understanding.
The experiments are difficult to control but are sensitive revealers of behavior. Second, the
research on behavior with public goods has been aggressively multi-disciplinary with excellent
programs maintained by? economists, political scientists, psychologists, and sociologists.
Many experiments have been created in response to work of others. Severa labs have long
running programs in which data have been generated by systematically varying environments
and institutions. The best results do seem to come from the more systematic efforts. Perhaps
more often than in any other area trod by experimental economists?®, research on voluntary
contributions has brought the fundamental beliefs and hypotheses of economics into conflict
with those of other fields. The debate has been joined: the resolution, as we will see, remains
in doubt.

2 ArePeople Selfish or Cooper ative?

Research on the voluntary provision of public goods must come to grips with this smple but
still unanswered question about the fundamental nature of humankind. The debate has been
long-standing with much heat and little light.2* Economists and game-theorists argue that
the hypothesis of selfish behavior is the only viable one as an organizing principle yet they
also contribute to public television and vote in elections. Sociologists and political scientists
argue that societies are naturally cooperative through the evolution of social normsor altruism.
Preconceived notions bordering on the theological have sometimes been rejected by data. But
thosewho arereluctant to part with cherished theorieshavein turnrejected thedata. Disciplinary
boundaries have been drawn, breached, and redrawn. It isinto this fray that experimentalists
have come, trying to generate light where previoudly there was little.

Although many have contributed to the development of our knowledge, the systematic
experimental effort of three research groups has been fundamental. Marwell in Sociology
at Wisconsin,® Dawes in Psychology at Oregon and then at Carnegie-Mellon University and
Orbell in Political Science at Oregon,?® and Isaac and Walker in Economics at Arizona and
Indiana?’ have all carried out sustained efforts to understand whether and why cooperation

22| jsted alphabeticaly.

23The exception might bein research on decisions under uncertainty (see chapter Camerer (1994)).

24For an example of the often silly rhetoric of the debate see Mansbridge (1990).

2Work from this group includes Marwell and Ames (1979), Marwell and Ames (1980), Alfano and Marwell
(1980), Marwell and Ames (1981), and Marwell (1982).

2Work from this group includes Dawes, McTavish, and Shaklee (1977), Dawes (1980), Orbell and Dawes
(1981), Dawes and Orbell (1982), van de Kragt, Orbell, and Dawes (1983), Dawes, Orbell, and van de Kragt
(1985) Orbell, van de Kragt, and Dawes (1988), Dawes, Orbell, Simmons, and van de Kragt (1986), Dawes, van
de Kragt, Orbell (1987), Orbell, Dawes, and van de Kragt (1990), Orbell and Dawes (1991).

2"Work from this group includes Isaac and Walker (1983), Isaac, Walker, and Thomas (1984), |saac, McCue,
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might occur in public goods problems. Many of these still continue the study. The result
of this effort and the sometimes heated interaction has been just what one might hope for; a
dowly emerging consensus, which would have been impossible without carefully controlled
experiments. Let us see how this has happened by trying to discover what we know now and
why.

A reasonable reading of the literature?® on voluntary contribution mechanisms and social
dilemmas would probably lead one to conclude that the major findings to date are:

1. In one-shot trials and in the initial stages of finitely repeated trials, subjects generally
provide contributions halfway between the Pareto-efficient level and the freeriding level,

2. Contributions decline with repetition, and

3. Face to face communication improves the rate of contribution.

Thefirst finding suggests the public goods problem is not as bad as some economists make
it out to be, but that there is still room for improvement. For those interested in creating more
desirable outcomes, the second is bad news and the third is good news. But, although these
are generally acknowledged stylized facts, they should be viewed with some skepticism. And,
perhaps, others should be added. To see why, let us dig deeper.

The public goods problem, that individual incentives are at odds with group interest, has
long been recognized at the theoretical level by economists. Lindahl discussed it?® as early as
1919, Samuelson (1954) conjectured it, and Ledyard and Roberts provided a proof in 1974.
(See Groves and Ledyard (1987) for details). At the same time political scientists recognized
it as a problem of collective action (Olson (1971)) and as the tragedy of the commons (Hardin
(1968)), while socia psychologistscalledit asocia dilemma(Dawes(1980)). But, eventhough
the problem was widely recognized there were few data. This allowed wide disagreement
about whether there really was a problem. Lindahl (1919), not recognizing the incentives
for misrepresentation, suggested that a bargaining equilibrium would arise that was optimal.
For a modern version of the argument that the public good problem is over-exaggerated see
Johansen (1977). Most economists believed there was a free rider problem and that voluntary
contributions mechanisms would provide very little public goods. Other organizations would
be needed. Eventually data were brought to bear on the debate but that is a relatively recent
occurrence. For example, Marwell and Ames (1979) note at the time of their work that “No

and Plott (1985), Isaac and Walker (1987), Isaac, Schmidtz, and Walker (1988), Isaac and Walker (1988a), Isaac
and Walker (1988b), Fisher, Isaac, Schatzberg, and Walker (1988), Isaac and Walker (1989), Isaac and Walker
(1991), Isaac, Walker, and Williams (1990), Walker, Gardner, and Ostrom (1990).

28Andreoni (1988b), p. 291. See aso Isaac and Walker (1987), Mansbridge (1990), p. 17, and Dawes and
Thaler (1988), p. 189, for examples of these claims.

29See Bohm (1987).
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body of experimental research asks explicitly what level of self-denial on behalf of achieving
collective goods may be expected from some population, and under what conditions this self-
denial may vary.” (p.1336) The earliest experiment they acknowledge® was reported by Bohm
(1972). We start there.

2.1 Bohm: Estimating Demand

In one of the earliest attempts to discover experimentaly whether there is a public goods
problem, Bohm (1972) set up a well thought out test “involving five different approaches
to estimating demand for a public good.” His conclusion after the data were analyzed was
that “the well-known risk for misrepresentation of preferencesin this context may have been
exaggerated” and people may be willing to contribute to the public good even if their own
self-interest runs counter. What did Bohm do and was his conclusion correct?

2.1.1 Procedures

Let me first describe his experimental procedures and then explain why his study raised more
guestions than it answered. In his own words:

The test was carried out by the Research Department of the Swedish Radio-TV
broadcasting company (SR) in November, 1969. A random sample of 605 persons
was drawn from the age group 20 to 70 of the population of Stockholm. They
were asked to come to the premises of the broadcasting company to answer some
guestions about TV programs and were promised a fee of Kr. 50 ($10) for a one-
hour “interview.” Normally, some 35-50% show up in tests of this kind. (Bohm
(1972) p. 1183Y)

After dividing the sample,

The persons in each subgroup were placed into a room with two TV-sets and
were, for alegedly “practical reasons,” immediately given the fees promised them
in four ten-Crown bills, one five-Crown bill and small change to make Kr.50.
The administrator gave an oral presentation of the test which involved a half-hour
program by Hasse Alfredsson and Tage Danielsson,? not yet shown to the public.
The subjects were given the impression that there were many groups of the same

30They identified it as related but not focused on their question of interest.
31 would liketo thank Elsevier Science Publishersfor permission to quote from thisreport.
32\Well-known Swedish comedians.
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size simultaneously being asked the same questions in other rooms elsewhere in
the broadcasting company. The responses, given in writing by the personsin each
subgroup, were taken away and said to be added to the statements from other
groups. ... The main part of the instructions given to groups| to V was as follows:
Try to estimate in money terms how much you find it worth at amaximum to watch
this half-hour program in thisroom in alittle while, i.e. what is the largest sum
you are willing to pay to watch it. If the sum of the stated amounts of al the
participants covers the costs (Kr. 500) of showing the program on closed-circuit
TV, the program will be shown; and you will have to pay

(togroupl)  theamount you have stated,

(togroupIl)  some percentage (as explained) of the amount you have
stated,

(togroup I11) either the amount you have stated or a percentage (as
explained) of this amount, or Kr. 5 or nothing, to be
determined later by alottery you can witness

(togroup V) Kr. 5,

(togroup V)  nothing. In this case the participants were informed that
the costs were to be paid by the SR, i.e. the taxpayersin
general.

“Counter-strategic” arguments (see below in Section 2.1.3) were added to instruc-
tionsl, I, IV and V.

The subjects in group VI, who received instructions which differed from the in-
structions to the first five groups, were ssimply asked how much they found the
program to be worth at a maximum. In a second round, these people were asked
to give their highest bids for a seat to watch the program and were told that the
10 highest bidders out of an alleged group of some 100 persons were to pay the
amount they had bid and see the program. (Bohm (1972) pp. 118-119.)

The design of the experiment was intended to test whether, as economists might have
predicted, group | would understate their willingness to pay and groups IV and V would
overstate.

212 Reaults

The data Bohm found are summarized in Table 1.

They imply that no significant differences(at the 5% level) could be found between
any pair of instructions| to 1V. (Bohm (1972) p. 120.)
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2.1.3 Comments

There are three aspects of the design which deserve mention because they suggest a lack of
control. First, Bohm does not know and cannot directly measure the true willingness-to-pay of
his subjects to see a specific television show. Since he did not control this variable (subjects
were not paid but would get to watch the show) he is forced to make probabilistic statements
across groups.®® Further, it isimpossible for him to distinguish between two key hypotheses:
no misrepresentation of preferences and ssimple irresponsible responses. He notes that “the
reactionsreceived from different groups are compatible with the possibility of getting identical
(emphasis is his) responses to instructions | to V” (p. 124). He aso remarks, in discussing
group VI but with relevance to group V, that “the results are of course compatible with the
general view that, when no paymentsand/or formal decisionsareinvolved, peoplerespondinan
“irresponsible” fashion. In other words, this result may be seen as still another reason to doubt
the usefulness of responses to hypothetical questions ...” (p.125). The lack of direct control
over the fundamental parameter, willingness-to-pay, creates a serious difficulty in knowing
what to conclude without a significantly large number of experiments with randomly assigned
subjects so that statistical procedures can substitute for direct control .34

Second, because he wanted to study the effect of large groups and because he did not
have much money, Bohm misrepresented the true situation to the subjects. There were no
other “groups of the same size smultaneoudy being asked the same questions’ and in fact the
program was always shown no matter what the answers were. The experimenter may hope the
subjects believe that the group is large, but control may have been lost. Bohm is not the only
one to adapt this strategy in order to save money. In Section 3.3.2 | will discuss the problems
of doing experiments with large numbers and one of the creative attempts at solution. The
problem remains open.

Third, “the use of Counter-strategic” arguments in experiments is clearly controversial.
Instructions |V and V say

It is easy to see that it would pay for any one of you who really wanted to watch
this program to state a much higher amount than he actually would be willing to
pay. In thisway the total sum of the amounts stated would increase and so would
the changes of having the program shown here. But thiswould of course make it
impossiblefor usto find out just how much you really think watching this program
isworth to you. It could also be said that such an overstatement would indicate a
lack of solidarity or respect for the views of your neighbors, who may be called

33We need to develop an econometrics of experiments to deal with the estimation and identification of uncon-
trolled variables.

340ther early experiments also had this problem. For example, Schneider and Pommerehne (1981b) used
students as subjects and the public good was the purchase of the professor’sforthcoming book: see the discussion
of this experiment in Chapter 1.
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upon to pay for something that is not really desired by all of you together. In other
words, it should be seen as something of a*“duty” to state the amount you actually
find it worth to see the program. (pp. 128-129.)

Instructions| and Il say,

...it could pay for you to give an understatement of your maximum willingnessto
pay. But, if all or many of you behave in this way, the sum won’'t reach Kr. 500
and the program won’t be shown to you. (p. 128)

It is well known now that subjects may actually be trying to do what they think the
experimentalist thinks they should be doing. Even subtle cues in the instructions can cause
subjects’ decisionstovary. Strong moral imperativessuch asthose used by Bohm are equivalent
to blowing on ping-pong balls. There may be economic principles involved but we will never
find them this way. We might, however, find out whether such mechanisms can increase
contributions. | will take up a discussion about the role of moral suasion in Section 3.5.

Bohm'’s imaginative study was, for its time, a major advance in the attempt to identify the
extent of voluntary behavior inthe presence of public goods. Although hetentatively concluded
that that misrepresentation of preferences was less a problem than believed by economists, his
experiment was serioudly flawed in at |east threeways. Asaresult, the datawere not convincing
and he was forced to conclude correctly that “the test would seem to encourage further work
in the field of experimental economics” The question of cooperative vs. selfish behavior
remained open.

2.2 Daweset al.: Social Dilemmas

While economists were struggling to get their experiments under control, social psychologists
were independently studying a phenomenon which, | would argue, is a special case of public
goods; social dilemmas. One of the best and most persistent groups hasincluded Robyn Dawes
and John Orbell. Let uslook at Dawes, McTavish, and Shaklee (1977) for an example of this
type of work that avoids many of the flaws of Bohm.

2.2.1 Procedures

The experiment issimple.® Eight person groupswere created although sometimes less showed
up. A total of 284 subjects were used in 40 groups. Each individual in each group marked an

35Simplicity isagood feature of experiments. You are more likely to understand what you have learned.
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X or an O on acard in private. They were told*

If you choose an O, you will earn $2.50 minus a $1.50 fine for every person who
chooses X. If you choose X, you will earn $2.50 plus $9.50 minus $1.50 fine
for each person, including yourself, who chooses X. (Dawes-McTavish-Shaklee
(1977) pp.4-5.37)

Subjects were also presented the payoffsin the form of one half of Table 2. Some groups
faced the loss condition: Some groups faced the no-loss condition.

Four communication conditions were tried, the details on which can be found in Section
3.3.3. After discussions, subjects made a single choice, received nominal payoffsin private
(but, as shown below, dollar payoffs were determined on the basis of total earnings from their
friendship group), and were dismissed separately.

A peculiar aspect of the experimental design is centered around trying not to force subjects
totakealosswhileat the sametime maintaining the standard social dilemmastructure. Students
were recruited in (friendship) groups of 4. This worked as follows.

Friendship groups met initially with an experimenter who informed them that each
personwould goto adifferent decision group where sheor hewould makeadecision
with seven other people. The four friends would then return to their friendship
group, pool their earnings, and divide them equally among themselves. If the
total were negative, no member of the friendship group would receive anything
(although people who did not win at least $2.00 were contacted later and paid
from $1.00 to $2.50 depending on their initial earnings). One member from each
friendship group was sent to each of the four communication conditions. Two went
to groupsinwhich it was possible to lose money (theloss condition), two to groups
in which negative payoffswere truncated at zero (the no-loss condition). Thusthe
eight groups of four friends separated and formed four groups of eight strangersto
play the commons dilemmagame. (Dawes-McTavish-Shaklee (1977) p.4.)

The design was intended to identify, among other things, the effect of communication on
contributions.

222 Reallts

The data on non-contributions (X) is displayed in Table 3.

36The subjects were also asked to indicate beliefs about others choices. We will comment on this aspect of
their experiments later in Section 3.4.2.
37 would liketo thank the American Psychological Association for permission to quote from this report.

18



Table 2. Payoff Matrix

Number Choosing Number Choosing
Payoff Payoff || Payoff Payoff
toX X O toO|| toX X O toO
Loss condition No-loss condition
-0 8 2.50 -0 8 2.50
1050 1 7 100 | 1050 1 7 1.00
9.00 2 6 -.50 9.00 2 6 0
750 3 5 -2.00 750 3 5 0
6.00 4 4 -3.50 6.00 4 4 0
450 5 3 -5.00 450 5 3 0
3.00 6 2 -6.50 3.00 6 2 0
150 7 1 -8.00 150 7 1 0
00 8 0 - 00 8 0 -
Table 3. Non-Contribution (frequency of choosing X)
Condition
No Irrelevant Unrestricted Communication
Condition Communication Communication Communication Plus Vote
Loss .73 .65 .26 .16
No Loss .67 .70 30 42

(Dawes-McTavish-Shaklee (1977j p.5.)
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The mainresult appearsto be (see Dawes (1980)) that only 31% contributewithout commu-
nication or with irrelevant communication while 72% contribute when rel evant communication
occurs. A secondary but puzzling result is that the no-loss treatment had apparently no effect.

2.2.3 Comments

The first thing to notice is that thisreally is apublic good environment as described in Section
1.4. Let z, theinitial endowment, be 0. Requirethat t; € {0,9.50}. Let g(t) = [(12/9.5)t]/8.
Finaly, let U'(t;,y) = z — t; +g(t). Then, for example, if 2 individuals contribute, their t = 9.50,
and 6 do not, theirt = 0, then contributersreceiveU' = 0—9.50+[(12/9.5)(2 x 9.50)/8] = —6.50
and non-contributersreceive U' = 0 — 0+ (12/9.50)(2 x 9.50)/8 = 3.00. Compare thisto Table
2 under the loss condition.

A second observation concerns the lack of impact of the no-loss treatment. Let us look
first at the structure of the problem. In the loss condition (ignoring for now the complication
created by membership in afriendship group), adecision to defect gains a subject $8 and costs
everyone else $1.50. Alternatively spending $9.50 by cooperating generates $1.50/person, no
matter what others decide to do. In the no-loss condition, the situation is very different. The
marginal cost and gain of a decision to defect by choosing X now depends on the number of
other defectors choosing X. Thisiscalculated in Table 4.

Table 4.
# defectors marginal cost marginal cost marginal gain
other than you to other defectors to other cooperators toyou

0 1.50 1.50 8.00
1 1.50 1.00 8.00
2 1.50 0 7.50
3 1.50 0 6.00
4 1.50 0 4.50
5 1.50 0 3.00
6 1.50 0 1.50
7 1.50 0 0

Thus in the no-loss condition the marginal cost a subject imposes on others by defecting is
no larger than in the loss condition and is much less on cooperators. One should expect this
to induce more defection ceteris paribus. But the marginal benefit to a subject from defecting
is also reduced if at least 2 others defect. This would induce, perhaps, less defection ceteris
paribus. One way to understand the puzzling fact that the no-loss treatment had no effect is
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to realize that for the subjects in these experiments the two countervailing effects could easily
have cancelled each other.

Another way to measure the tension between the selfish gain from defecting and the public
gain from contributingisto calculate the per subject return from switching $1 to contributions.®®
For these experiments this is simply du'/dt; or, in the loss condition, 1.5/9.5. In the no loss
condition the algebra is somewhat different. If there are, say, 5 other defectors, then if |
contribute | lose $3 and those 5 gain 1.5 each. Other contributors gain nothing. Therefore the

per capitagain per $is > - 1. These calculations are madein Table 5.

Table 5.
# other loss no loss
defectors returnon $1 return on $1

0 158 .158

1 .158 A2

2 .158 .05

3 158 .093

4 .158 .16

5 158 3

6 158 .75

7 .158 o0

Thusif the subject expects the number of other defectorsto be less than 4, then the no-loss
condition should raise the incentive to defect by lowering the marginal gain from cooperating.
Similarly, if the subject expects more than 3 other defectors, the no-loss condition should
lower the incentive to defect by raising the marginal benefit of contributing.®® As can be seen
the incentive effects of the no-loss treatment are complex and out of control. This should
give experimentalists reason to pause. A relatively smple appearing ateration in the payoff
structure, replacing negative numberswith zeros, createsavery complex changeintheincentive
structure because the direction of the effect depends on the subjects expectations which are
not controlled by the experimenter.%°

38| saac, Walker, and Thomas (1984) call thisthe marginal per capitareturn (MPCR) and were thefirst toidentify
this very important parameter. More on thislater in Section 3.3.1.

39| n the extreme caseif 7 others plan to defect then each subject faces no cost from contributing but can provide
1.50 to the others by doing so.

40| have not had thetimeto figure out in what way this might explain the data on predictionsof others’ behavior.
Dawes et d. clam defectors expected more defection than did cooperators. But the incentive structure suggests
that the no-loss incentives would lead those who expect defection by others to defect 1ess often than those who
expect more cooperation. It isfurther claimed by Dawes et a. that

The possible loss manipulation was not only ineffective in eiciting differential cooperation, it was
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A third observation is that the fear of losses on the part of the experimenters that led them
to create friendship groups and no-loss conditions could have been avoided by recognizing that
the experiment is amost identical to that described in Section 1.1 if an initial endowment of
$9.50/subject had been provided. Of course that would have cost an additional $9.50x 284
or about $2,700. An alternative way to save money and to avoid forcing subjects into losses
would have been to add $9.50 to each entry (so al payoffs are non-negative) and then divide
all entries by some number to lower the total paid out.** A modicum of salience is lost, but
one avoids the lack of control from treatments such as the no loss payoff table or the use of
friendship groupsto “average” payoffs across trials. Budget constraints force experimentalists
to make these choices all the time, and the ability to control payoffs, allows one to analyze the
potential impact of the choices.

Thelast observation concernsthe most obviousand least informativeresult: relevant talking
matters a lot, but although four different types of communication were tried the data provide
littleinformationasto why. Just letting subjectstalk in an uncontrolled framework opens up the
chancesfor all sortsof contamination and unintended effects. Arefacial expressionsimportant?
Which ones? Would one get the same effect if each subject just could say “zero” or “one” once
and simultaneously? Would it matter if “zero” were changed to “| won't contribute” and “ one”
were changed to “I will contribute”? If we are to understand the role of communication in
encouraging voluntary contributions, we need better control and precision in our experimental
designs. Thisremains an open problem. The state of the art is described in Section 3.3.3.

2.3 Marwell et al.: TheFreeRider Problem

During the same time as and independently from Dawes, McTavish and Shaklee (1977), Gerald
Marwell was initiating the first systematic experimental research program on the determinants
of the voluntary provision of public goods — or as he put it on “a fundamenta sociological
guestion: when will a collectivity act to maximize its collective interest even though such
behavior conflictswith a course of action that would maximize the short-term interests of each
individual separately.” Not just trying to demonstrate that “the effects of free-riding were
much weaker than would be predicted from most economic theory,” the Marwell group tried
to determine what affects the rate of contribution. In the process, they tested the distribution

ineffective in diciting differential predictions about others' behavior as well. (Dawes-McTavish-
Shaklee (1977) p. 5.)

I remain suspicious and believe this needs more investigation.

4IFor example, arough cal culation for these Dawes experiments suggests a payoff of $3.75 to 5.5 defectors and
-$5.75 t0 2.5 (=.3x 8) contributorsfor atota of $52.50. A similar calculation for communication suggests $1.25
to 5.5 (=.7x 8) contributors and $8.25 to 2.5 defectors for a total of $137.50. Adding $9.50 to each of 8 payoffs
would yield a cost for each tria of 76+137.50=$223.50. Dividing by 2 would then have cost on average $111.75
for communication trials and $64.25 for non-communication trias. Thetota for each pair would then be $176, a
saving as opposed to the original $190. Table 2 would then have entries such as a payoff to X=7.25 and a payoff
to0=3.00if X=4and O = 4.

22



of resources, group size, heterogeneity of benefits, provision points, strength of induced pref-
erences, experience of subjects, the divisibility of the public good, and the economics training
of the subjects. This was a carefully thought out research program focused on an important
phenomenon. The data generated could not be ignored. Infact it wasin response to this study
that experimental economistsfinally began laying the groundwork needed to study free riding.
No longer would provision of public goods be just a theoretical debate.

2.3.1 Procedures

High school students were contacted by tel ephone and given tokens which could beinvested in
aprivate exchange yielding 1¢£/token or in a public exchange yielding an amount depending on
the total contribution to the public exchange. In the words of the experimenters:

The experiment was conducted during a single summer and fall using 256 high
school students between the ages of 15 and 17. Subjects were divided into 64
four-person groups, resulting in eight groups assigned to each treatment condi-
tion ...Since each group contained two female and two male subjects, each cell
contained 16 males and 16 females*? High school-age subjects were selected for
study because we felt that the amount of money at stake in their decision (about
$5.00) would be most meaningful to young people and that at the same time these
subjects would be old enough to understand the investment decision they had to
make. (Marwell-Ames (1979) p. 1341.%)

The study was performed in a “natural” setting, in that all interaction with the
subjects was by telephone and mail, with subjects remaining in their normal envi-
ronments throughout the course of the research.

After willingness to participate had been established by phone, the subject was
mailed a set of instructions appropriate to the experimental condition to which he
or shewas assigned ...

Within a few days an experimenter telephoned the subject to go over each point
in the mailed instructions. This discussion usually lasted 15-20 minutes ...An
appointment was then made for another telephone conversation the next day (or as
soon as possible), in which the subject could invest the study tokens.

In thisnext telephone call the subject invested the tokensin either of two exchanges
(which are explained below) or split them between thetwo. (Marwell-Ames(1979)
pp. 1342-43)

42ThisisaMarwell-Ames footnote: “One male subject named Chriswas inadvertently classified as female and
the mistake was not discovered until long after completion of the experiment. Thus, one group was composed of
three males and one female. Deletion of this group or this subject makes no meaningful change in the results”
43| would liketo thank the University of Chicago Press for permission to quote from this report.
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The payoff table, given to the subjects, for a large group™ of 80 with unequal benefits
(designated blue and green) and unequal resourcesis provided in Table 6.

Table 6. Payoff from Group Exchangein Large,
Unequal -1 nterest, Unequal-Resource Groups

How Much Money You Get
If You Are (%)
If The Total TokensInvested Total Money Blue Green
In The Group Exchange By ~ Earned By The  (23£of Each  (9/10 £ of Each
All Group Members s GroupIs($) Group Dollar) Group Dallar)

Between:

0 and 1,999 tokens 0 0 0
2,000 and 3,999 14.00 32 A3
4,000 and 5,999 32.00 72 .29
6,000 and 7,999 54.00 1.22 49
8,000 and 9,999 320.00 7.20 2.93
10,000 and 11,999 350.00 7.88 3.21
12,000 and 13,999 390.00 8.78 357
14,000 and 15,999 420.00 9.45 3.85
16,000 and 17,999 440.00 9.90 4.03
18,000 450.00 10.13 412

One unusual feature (corrected and tested in Marwell-Ames (1980)) about this induced
valuation structure is the peak at 7,999 total tokens. At al other levels the marginal benefit
from contributing 1 more token (worth 1£) isless than 1€ whereas at 7,999 the marginal benefit
isabout 6. Thismeansthereare multipleNash equilibria. Oneat which no one contributes (the
strong free rider hypothesis) and a bunch where everyone contributes partialy. For example, if
all contribute 4/9 of their tokens then atotal of 8,000 from 18,000 is contributed. If the initial
endowment is equally distributed then each begins with 225 tokens so each is contributing 100
tokens at a cost of $1 and receiving a marginal return $5.98. Because of this feature, which
Marwell and Amescall aprovision point, not contributingis no longer adominant strategy and,
at least in the equal distribution case, contributing 44% on average is an obvious focal point.

Group size was varied between 4 and 80. In small groups there were atotal of 900 tokens
and in large groups there were a total of 18,000 tokens. In some small groups one individual
might have as many tokens as the provision point and everyone knew this*® But asin the Bohm
experiments some of thiswas afiction.

4“How agroup of 4 becomes agroup of 80 is discussed bel ow.
4STheory suggestsin this case that one Nash equilibriuminvolves only that person contributing.

24



Group size was specified as “small” when there were four members in the group
and “large” when there were 80 members. However, no individual was actually
a member of a group of 80 persons. All groups contained just four real subjects.
Because group members never interacted with one another it was possible to tell
them that there were any number of membersin their group and have them make
their investment decisions in terms of this assumption. Telling half our subjects
that they werein large, 80-person groups was the only element of deceptionin this
experiment. (Marwell-Ames (1979) p. 1345.

2.3.2 Reaults

Thefinding claimed by Marwell and Ameswas“alack of support for ...thestrong freerider*”
Approximately 57% of available resources are invested in the public good. If those subjects
whose endowments are greater than the provision point are excluded, then the contribution rate
is41%.

In al, tests of the hypotheses derived more or less directly from the economic
theory support a very weak free-rider hypothesis, with the proviso that groups
containing a member whose interest is greater than the cost of provision invest
substantially more in public goods than do other groups. No other hypothesized
process demonstrated a substantial effect on group investment. (Marwell-Ames
(1979) p. 1352)

A second finding which we will examine more closely in Section 3.4.1. wasthat the rate of
contribution was lessif initial endowments were unequal.

2.3.3 Comments

A number of issues areraised by thisstudy. Many have since been addressed either by Marwell’s
group (see Marwell and Ames (1980), Alfano and Marwell (1980), and Marwell and Ames
(1981)) or by the economists who initially thought something must be wrong if there was so
much contribution.

The existence of a provision point could quite obviously have increased contributions to
44%. But in alater study by Marwell and Ames (1980) the provision point was removed as in
Table 7.

The result reported after the change was that “the subjects averaged 113 tokens invested
in the group exchange or approximately 51% of the tokens they had available” (p. 932) This

4The strong free-rider hypothesisis that everyone contributes zero to the public good
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Table 7. Payoffs from Group Exchange

Previous Study Present Study:
Provision Point No Provision Point
If The Total Tokens How Much How Much
Invested In The Total Money Money You Get Total Money Money You Get
Group Exchange By All Earned by (13t of Each Earned by (13t of Each

Group Members IsBetween: TheGroupls Group Dollar)  theGroupls  Group Dollar)
Oand 1,999 0 0 0 0
2,000 and 3,999 14.00 18 44.00 .55
4,000 and 5,999 32.00 40 88.00 1.10
6,000 and 7,999 54.00 .68 132.00 1.65
8,000 and 9,999 320.00 4.00 176.00 2.20
10,000 and 11,999 350.00 4.38 220.00 2.75
12,000 and 13,999 390.00 4.88 264.00 3.30
14,000 and 15,999 420.00 5.25 308.00 3.85
16,000 and 17,999 440.00 5.50 352.00 4.40
18,000 450.00 5.63 396.00 4.95

(Marwell-Ames (1980) p. 931)

would seem to blunt the criticism that subjects were focused on a focal point equilibrium.
However, notice that multiple Nash equilibria still exist at positive levels of contribution. For
example at 1,999, 3,999, etc. a 1£ contribution yields a personal return of 55¢. So if the
others contribute some amount between 1,946 and 1,999 or 3,946 and 3,999, etc., it pays oneto
contribute up to 54 tokens. That means there can be many equilibria. Of course, this still does
not explain why individuals are contributing 113 on average instead of something between 1
and 54.

A smoother, more continuous payoff schedule would not have this property but would,
perhaps, be harder to explain to the subjects. An extremely important methodological question
for experimentalists concerns the presentation of the payoffs to the subjects. Does the form
matter? Are tables better than graphical presentation? Are functionsimpossible to use? What
if there are four dimensions and graphs and tables become unwieldy? | do not know of any
systematic study of these issues*” although it is widely recognized, for example, that changes
in the placement of information on a computer screen, the amount and form of feedback, and
the complexity of instructions all can lead to changes in behavior. It is vitally important to
understand these effectsif one wantsto control induced valuations. The sensitivity of the public
goods environment strongly highlights these presentation effects.

470ne study that suggeststhisisimportant is Saijo and Yamaguchi (1992) which is discussed in more detail in
Section 4. | have aso learned recently of the work of Schwartz-Shea and Simmons (1987) but have not had time
to incorporateit into this paper.
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A second observation echoes one | made in Section 2.1 on Bohm's research. Even though
groups were actually of size 4, half of the subjects were told they were in agroup of 80. Since
al of the experimental interaction was over a phone, no subject could know for sure what
the group size was other than relying on the veracity of the experimenter. How do we know
for sure what the subject believed? Since the experimenter was deceptive about N=80, why
not about N=4? It is believed by many undergraduates that psychologists are intentionally
deceptive in most experiments. If undergraduates believe the same about economists, we have
lost control. It is for this reason that modern experimental economists have been carefully
nurturing a reputation for absolute honesty in all their experiments. This may require costlier
experiments where not just 4 subjects but 80 are paid. It may require more clever procedures
to get 80 subjects together at one time. But if the data are to be valid, honesty in proceduresis
absolutely crucial. Any deception can be discovered and contaminate a subject pool not only
for that experimenter but for others. Honesty is a methodological public good and deceptionis
equivalent to not contributing. It isimportant for the profession to remember this, especially
since, as John Kagel pointed out to me, it is conventional wisdom that economists freeride.

2.4 EconomistsBegin to React

The work of Marwell and Ames described in section 2.3 provided stark and clean evidence
against the standard economic predictions: data confirmed that subjects contribute and do not
all feeride. The research caught the attention of the new economic experimentalists who had
been focusing on markets and who felt sure that the study by sociologists must be flawed.
Theory could not be that wrong, could it?

In this section we will look at two studies which were created in direct response to Marwell
and Ames. Indeed the purpose of both Kim and Walker (1984) and Isaac, McCue, and
Plott (1985) was to show that Marwell and Ames were wrong and “to explore the behavior of
groups within a set of conditions where we expected the traditional model would work with
reasonable accuracy.” (Isaac, McCue, and Plott (1985) p. 51.) By thisthey mean they expected
to find free-riding and underprovision of the public good, afinding that would be at odds with
Marwell and Ames (1979, 1980) and Dawes, McTavish, Shaklee (1977).

241 Procedures

The main divergence of both Isaac, McCue, and Plott and Kim and Walker from Marwell and
Ames was the introduction of repetition; that is, subjects faced the same decision process for
a series of periods rather than just making their decisions once. We will describe the Isaac,
McCue, and Plott experiment.*®

48Kim and Walker is covered in Section 2.4.3.
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A total of nine experiments were conducted ...

Subjectswere guaranteed aminimum of $5.00 for participating. Beforetheinstruc-
tions were read, subjects were endowed with the $5.00 and told that all earnings
in the experiment would be paid in addition to that initial amount. ...Each subject
was assigned one of the two payoff conditions ...called ‘high’ and ‘low’ payoff
condition ...The earnings of a subject in a period was the individua’s payoff as
determined by the level of public good provided that period and the individual’s
payoff chart minus the amount the individual contributed toward the provision of
the public good that period. Thus, the total earnings of an individua during the
experiment was the initial payment guarantee plus the sum over all periods of the
earnings for each period.

...there were ten subjects in each experiment (except experiments 4 and 9) half
of which had the high payoff condition and the other half had the low payoff
condition. the public good was supplied at a constant marginal cost of $1.30.
(Isaac-McCue-Plott (1985) p.53.49)

Subjects were given a table which indicated both their marginal payoff and total payoff
at each level of the public good from O to 40. The functions which generated these marginal
payoffs, where q is the amount of the public good actually chosen, were $.44-0.011q for the
high types and $.276-0.008q for the low types. Given this environment the optimal group
allocation, which maximizestotal payoff, isat =23 or 24. The Nash equilibriumis g=0 and it
isasingle-period dominant strategy for both types not to contribute.

The decision process for the primary voluntary contributions process proceeds as
follows. At the beginning of a period each subject privately wrote on a dip of
paper the amount (s)he wished to contribute to the jointly provided public good
that period. The paper was collected by the experimenter. The sum of these
contributions by the subjects was calculated by the experimenter and was divided
by the (constant) cost of the unitsto obtainthe level of the project funded. Thelevel
of the project thus funded was announced and used to determine each individual
subject’s monetary payoff from the payoff chart. This payoff determination was
made privately by each individual. The subjects recorded the payoff amount on
a form provided as a part of the instructions. The earnings for a subject were
calculated as the difference between the monetary payoff determined by the level
of the public good and the contribution made by the subject for the provision of
the good. A brief period was alowed for the computation of this profit before the
next period began.

There were two standard rules regarding the information of participants: first, the
subjects were not allowed to communicate with one another during the experiment.

491 would liketo thank Elsevier Science Publishersfor permission to quote from thisreport.
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Secondly, the individuals had no knowledge about the nature of any payoff charts
other than their own. In a technical sense it was public information that no
one had information about other subject preferences. Furthermore, it was public
information that the final period was known with certainty to no one. (lsaac-
McCue-Plott (1985) p. 57.)

242 Reaults

Did Isaac et al. find evidence that contradicts the Marwell-Ames results? The answer is
yes and no. In thefirst period decisions, contributions strongly resemble those observed by
Marwell-Ames. On average first period contributions yield a public good level of 8.8 which
yields a group payoff of 50% of the maximum possible. So the first decisions of subjects are
similar in both studies. However, by the fifth period the average number of units provided has
dropped to 2.1 for a group payoff which is 9% of the maximum. So, after repetition, one can
observe significant underprovision and the free-riding phenomenon.

243 Comments

The relatively high initial contribution rate which declines with repetition has been found by
others and is discussed in more detail in Section 3.2. Kim and Walker (1984) with a similar
design found contributions provided 41% of the maximal group payoff in the first period and
declined to 11% by thethird period. | have not emphasized their study more because, although
they were extremely careful to try to eliminate nine experimental design features of earlier
studies which they argued might be invalidating factors,> they misled their 5 subjects hoping
they would think there were actually 100 subjects.>* Whether the subjects believed that or not
is unknowable.

Aninnovative feature of both the Isaac-McCue-Plott and Kim-Walker experiments was the
use of adeclining marginal payoff curve (in the public good) for each subject and no constraint
on contributionswithin a period imposed by an initial endowment of tokens (just atotal capital
constraint across all periods). Such a payoff structure means that the private incentives not
to contribute increase as the others contributions increase. Let us look at that incentive. For

the high types, contributing one dollar more to public good provision yields %= units of the

1.30
good which yields an extra benefit, to that individual, of m = [.44 — .011q] l—go Whenqg =0,
m = .3385, when q = 10, m = .25, and when q = 24 (the group maximal amount) m = .13. For
low typeswehavem = .2123whenq =0, m = .158 whenq = 10andm = .0646 at g = 24. Since

m < 1 for al q it isadominant strategy not to contribute. m — 1 measures the marginal gain

50 Factors which, if they intrudeinto the experimental situation, will render thetheory ...inapplicable” (p. 11).
Such factorsinvolve aloss of control by the experimenter.
51| have indicated in Section 2.3.3 how | fedl about this design to save money.
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from contributing $1, 1 — m measures the marginal gain from withholding $1. We will seein
the next section that mis an important variable®® in determining the extent of contributions. To
see whether .34 islarge, let us compute the similar statistic for Dawes et al. (in Section 2.2).%
Under the loss condition (see Table 2) contributing by choosing O instead of X is equivalent to
spending $9.50 privately to gain an extra $1.50/person. Thus, m = 1.5/9.5 = .158. Equivalent
numbers are computed for the no-loss condition in Table 5. Isaac, McCue, and Plott do not
seem to have chosen parameters with incentives not to contribute any stronger than Dawes et
al. One might, therefore, conclude that the low contribution rate is attributabl e to repetition.

That leads to afinal comment. The fact that repetition is an important treatment is good to
know but there is no way to know why it is from this paper.>* Are subjects learning? If so,
are they learning how to compute dominant strategies or how to interpret the payoff tables or
whether the others are “fair” or ...? Maybe the decline in contributions is smply the result of
complicated strategic decisions and/or attempts at signaling.>® Repetition confounds the one
period gains from contribution with the multiple-period gains from communicating. Controls
must be created to disentangle strategic and learning effectsfrom each other. Finally, one might
wonder whether the decline in contributionsisan attempt to punish “unfair” behavior by others,
but one must also then wonder how that could be proven. We will take up some of these issues
in Section 3.2.

25 Isaacetal.. Systematic Study by Economists

By 1981, theresultsof Daweset a., Marwell-Ames, Kim-Walker, and | saac-M cCue-Plott were
fairly well known. Thework of thefirst two groups suggested that freeriding was at best aweak
phenomenon in single decision situations; the work of the last two groups seemed to suggest
that free-riding was an important and strong phenomenon in repeated situations. It wastime to
try to figure out what wasreally happening. One of the first systematic studiestruly designed to
reconcile and understand the reasons for the range of seemingly divergent experimental results
was that of Isaac, Walker, and Thomas (1984). Isaac and Walker continue today in systematic
efforts to understand behavior in voluntary contributions situations. | include a description of
their first work here because of the craftsmanship with which it was designed. But even with
a careful design they were left with many unanswered questions. In particular they conclude
that “free riding is neither absolutely all pervasive nor always nonexistent ... The extremes of

52| saac, Walker, Thomas (1984) were the first to identify and study this effect systematically. Their work is
described in Section 2.5.

53In Marwell-Ames (1980) there is not a smooth marginal contribution function, so it is not obvious what the
appropriatemwould be. Onemight compute an average where every 2,000 tokensyields .55/person som = .0275.
This seems very small but it did not deter contributions.

S4A similar comment applied to communication in the Dawes et a. experiment described in Section 2.2.

55| saac-M cCue-Plott point to a phenomenon they call “pulsing” —a contributionlarger than in apreviousperiod
—and conjecture it may be an attempt to get othersto cooperate. No one knows for sure as “pulsing” has never
been systematically isolated and studied.
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strong free riding and near-Lindahl optimal behavior can and do occur.” (p. 140.) So we till
do not know what to expect — anything can happen.

Nevertheless because of the care taken, we do learn something about the existence of

“...systematic effectsof attributes of the decision setting upon the existence of free
riding ...General theoriesabout theimportanceof freeridingare not failing because
of someinexplicablerandomnessin previousexperiments.” (Isaac-Walker-Thomas
(1984) p. 125.)

251 Procedures

Four undergraduate students at the University of Arizona were brought into a room and each
was assigned to a (PLATO) computer terminal. All communication, including instructions to
the subjects, was done through the terminals. Asthey indicate

One feature of thisset of experimentsthat differsfrom the previoudy cited experi-
mentsisthe use of the Plato computer system for conducting the experiments. This
system allows for minimal experimenter-subject interaction during experimental
sessions as well asinsuring that all subjects see identical programmed instructions
and examples for a given experimental design. The use of the computer system
also facilitatesthe accounting process that occursin each decision period and min-
imizes subject’s transactions costs in making decisions and recalling information
from previousdecisions. (Isaac-Walker-Thomas (1984) p. 116.)

Continuing the description:

The programmed instructions described to the participants the following decision
problem: given a specific endowment of resources (tokens) participants faced the
decision of alocating them between an individual exchange (private good) and
a group exchange (public good). The individual exchange was described as an
investment which paid to the investor $.01 for each token invested. ...The group
exchangewasexplained to the participantsasan investment which yielded aspecific
return per token to theindividual aswell asthe samereturn to al other participants.
... The payoff from the group exchange was reported to each participant in theform
of atable which gave group and individual returns from the group exchange for
variousinvestment levels (from zero up to the total tokens owned by the group.)

The information position of each participant can be described as follows. Firgt,
each participant knew his own endowment of tokens for each decision trial and the
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total tokens for the group. He did not know the specific alocation of tokens to
other participants. Second, participants knew the exact size of the group and that
each participant return from the group exchange was identical. Each participant
knew with certainty his own return from the private exchange. Participants were
not informed that all other participants received the same return per token from
their contributions to the private exchange. Third, each participant knew there
would be 10 decision trials and his endowment for each trial would be equal.
Finaly, it was explained that the monetary gains from each trial were binding
and total payments to the participant equaled the sum of his return for the group
and individual exchanges totaled over al ten trials. At the end of each trial
the participant received information on his return from the individual and group
exchange. They were aso told the total number of tokens contributed by the group
to the group exchange. Before making an investment decision in any one trial,
a participant could obtain this same information for all previous trials. (lsaac,
Walker, and Thomas (1984), p117.)

Isaac, Walker, and Thomas were interested in identifying factors which increased or de-
creased free-riding and they chose four particular ones. repetition, group size, marginal payoff
and experience. They, of course, hoped to control for all else.

Here each participant knew there would be exactly 10 periods and the participants en-
dowments and payoffs would remain constant across the repetitions. Group Size was easy
to control: They chose N = 4 and N = 10. But keeping all other possible effects constant
proved more challenging. In particular, they discovered that keeping the marginal individual
payoff (a measure of selfish gain) constant and simultaneously keeping the marginal group
payoff (a measure of altruistic gain) constant was impossible. Algebraically, the payoffs in
this experiment wereu' = p(z— ¢) + =100 ¢). The marginal individual gain from contributing
atokenis §. Normalize by the cogt, p and get pﬁN = M. Thisis smply the margina rate

of substitution of the private for the public good, y = - ck. ThatisM = — g&’,’gg |saac and
Walker call this the marginal per capita return.>® The marginal group return, computed from
Su =p(Nz—>Xc)+a(>c)is g If weincrease N and change nothing el se then the incentives
for individual interest increase relative to the incentives for the group interest. If weincreaseN
but keep M constant by increasing a then the incentives for the group interest increase relative
to theincentivesfor individual interest. It doesnot seem possibleto change N without changing
the incentives between group and self interest. Isaac, Walker, and Thomas deal cleverly with
this by considering a2 x 2 design with N =4 or 10 and M =3 or .75. Always p=1. Then,
since a = NM, we have four parameter choices (N, M, a):(4,.3,1.2), (4,.75,3), (10,.3,3), and
(10,.75,7.5). These allow comparing a change in N keeping M constant (for both M=.3 and
M=.75) and comparing a changein N keeping a =3 constant.

Finally, experience is measured as previous participation in similar experimental sessions.

56\\e saw thisvariablein Section 2.4.3.
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25.2 Reaults

The only extant formal theory at the time of these experiments predicts no contributions. That
isclearly false as can be seen in Table 8 and Figure 2.

Ave. % contributions for
M=
3 75
N=1| 4 | 19 57
10| 33 59
Figure 2.

Table 8. Datafor IWT (1984)
Period

1 2 3 4 5 6 7 8 9 10 | Ave
% contrib. (al) 511 472 441 474 467 381 406 352 358 373|424
% contr.(M=.3) 43 3% 28 32 26 25 20 17 20 17 |26
%contr(M=75) 60 5 60 63 67 51 61 53 52 57 |58
%contr.(inexper.) 53 53 45 50 55 43 50 41 39 44 |47
% contr.(exper.) 49 41 43 45 38 3 31 30 33 30 |37
% contr.(N=4) 50 50 38 40 38 30 36 32 38 30 |38
% contr.(N=10) 5 50 40 41 41 34 32 33 37 35 |40

The average % contribution across all treatmentsis 42% and the average acrossfirst periods
i1s51%. These look very much like Dawes et a. and Marwell-Ames. But the varianceis high,
with contributions ranging from 0% (period 8 with M=.3, N=4, experienced subjects) to 83%
(period 5 with M=.75, N=4, and inexperienced subjects). So something more than just 40-60%
contribution is going on. There are three obvious conclusions. Firgt, increasng M from .3
to .75 increases the rate of contribution in al cases. The effect is dramatic and strong and in
the direction one should expect when the strength of the private (selfish) incentive is reduced
relative to the public (atruistic) incentive. Second, experience matters with inexperienced
subjects contributing more. This suggests that some form of learning may be occurring.
Finally, repetition decreases and group size increases contributions for low M=.3 but neither
seem to have any effect if M=.75.

253 Comments

This experiment epitomizes the difficulties in doing experimental research in public goods.
One can identify general effects which cause free riding but there are aways cases which
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contradict the general finding. For example, the strongest effect seen in this experiment was
that a decrease in M will cause contributions to drop yet in the first period of N=10, M=.3
and experienced subjects there were 46% contributions whereas in the first period of N=10,
M=.75 and experienced subjects there were only 44% contributions. The changein M had no
effect. This may say more about the random nature of first period play than it does about the
systematic effect of M, but we do not have enough evidence to know for sure. The experimental
designisreally carefully thought out, one of the best, an attempt is made to control the obvious
confounding variables and yet the data are not that precise and conclusionsare hard to draw out.
The lack of any helpful theory beyond calculation of marginal rates of substitution prevents a
precise analysis of the obvious interaction effects between variables. One experiment will not
be enough; a history of comparable efforts may be needed before we fully understand what
helps or hinders volunteerism.

A second comment foreshadows the rest of this chapter. The fact that repetition and group
size have a noticeable effect when M =.3 but not when M = .75 signals areal difficulty with
public goods experimentsand our ability as economiststo extract useful informationfrom these
experiments. To see why, let me try to summarize what we know to here.

254 A Summary tothisPoint

We have looked at six major experiments that have studied behavior in public goods environ-
ments. Three®’ claim to have established that selfishness is not as rampant as we might have
expected while three®® claim to have established that altruism has no staying power. It seems
pretty easy to demonstrate that subjects contribute. All experiments have periods with at |east
40% contributions. But determined experimenters also seem to be easily able to extinguish
most but not al of the altruistic impulse (if that is what it is) through low marginal payoffs
and repetition. We need to better understand the causes of these observations. But none of
these experiments is truly comparable with any of the others. Look at the summary of the
designs and resultsin Table 9. At least two features, sometimes more, change between any two
experiments.

The two closest designs may be Marwell and Ames (1979) and | saac, Walker, and Thomas
(1984) but even they differ in margina payoff, provision point, and repetition. The difference
in designs impliesthat sometimes subjects contribute and sometimes they do not. The research
problemisto discover whenand why. | supposethat if one had all the datafromthesesix studies
one could do some complex multivariate statistical analysis, but experiments are supposed to
free economists from that necessity.>®

5"Bohm (1972), Dawes, McTavish, and Shaklee (1977), and Marwell and Ames (1979).

8| saac, McCue, and Plott (1985), Kim and Walker (1984), and Isaac, Walker, and Thomas (1984).

%In an extremely interesting paper, Sally (1992) took 130 treatments from 37 studies and ran aregression with
% contribution as the dependent variable. He found significant positive coefficients for mora suasion, frequency
of discussion, solicitation of promises by the experimenter, and (perhaps surprisingly) whether players earned
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Table 9. Summary of Designs and Results

B DMS MA IMP KW IWT
Numbers Pk 8 4 80 10 100 410
Marginal Payoff | ? | .16,.16-.75 | non-linear | .34°-.06 | .02°, .05, | .3,.75
.07

Repetition no no no yes® yes® yes
Provision Point | yes no yes no no no
Tokens no | l/person yes no no yes
Heterogeneity ? no no, yes yes no no
Experience no no no no no yes, no
Communication | no yes, no no no no no
Moral suasion yes no no no no no
% contributions

initial period NA 31%2 41% 50% 68% 51%

last period NA NA NA 9% 8% 19%

+= deception played arole.

?=uncontrolled.

a= w/o communication. (It was 71% with communication.)
b= declines as g increases.
c= subjects did not know number of repetitions.
Note= Two entries mean both treatments were tried.
Bohm (1972)
Dawes, McTavish, and Shaklee (1977)
Marwell and Ames (1979)
|saac, McCue, and Plott (1985)
Kim and Walker (1984)

B=

DMS =
MA =
IMP =
KW =
IWT =

| saac, Walker, and Thomas (1984)
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Our task would be easier if there were significant comparability across experiments and
experimentors. However as we will see in Section 3, there is precious little and, perhaps as a
result, alot of uncertainty still remains about behavior in public good environments.

3 What I mproves Cooperation?

In Section 2 welooked at some of the pioneering effortsin the experimental analysis of behavior
in the presence of public goods. Wefound that not everyonefreeridesall thetime. That subjects
would voluntarily provide public goods in some situations is amply demonstrated by Dawes
et a., Marwell et d., and the early periods of Isaac et al. This early work also identified two
factors which seemed to improve cooperation: relevant communication (by Dawes et al.) and
increases in the marginal payoff for contributing (by Isaac et a.). One factor which seemed
to decrease cooperation, repetition, was also identified (by Isaac, McCue, and Plott). As one
can see from Table 9 in Section 2, there were at least six other factors which were deemed
potential influences on behavior: numbers, provision points, number of tokens, heterogeneity
of payoffs and endowments, experience, and moral suason. Of course one might think of
many other factors and the next cohort of experimentalists have done just that. It is time now
to try to understand the state of the art today. In Section 2 | tried to give the reader an idea
about how experiments with public goods have been conducted; in this section | am going to
concentrate on what modern experimental research has discovered and, therefore, where the
next work might begin.®® The reader is strongly encouraged to consult the original papers if
they want to know the details of the experimental designs.

Oneof themajor goal sof research on public goodsisto discover the nature of therelationship
p(e (M, ) = {a}: that is, contributions = x (environment, mechanism). The issue is not so
much honest revelation of preferences as it is what level of public goods will be provided
by subjects and how is that affected by environment and mechanism. In Table 10, | have
listed 19 variables various researchers have identified as having an effect on the level of
contributions. | have found it useful to group the variables identified by existing research into
threemain categories. the environment (numbers, strength of incentives, extent of homogeneity,
thresholds imposed by the production technology, initial information structure, gender, ...),
systemic variables (fairness concepts, altruism, risk attitudes, beliefs, ...), and design variables
(such as unanimity rules, structured communication, and moral suasion). The variables in
the first two categories are aspects of what | have called the environment: | have split them
into two parts to emphasize that some are more easily controllable with current experimental
technologies. In particular, those identified as environmental are relatively straightforward
to control, while those listed as systemic are currently more difficult. The variables in the
category, labeled design variables, are factors identified by experimentalists which should be

money. He found a significant negative effect for marginal payoffs. His R> were about .7 to .8. However, | think
he missed some interesting experiments and variables.
60| cover about 40 papersin thissection. | apologizeto the authors| leave out. | just ran out of time and space.
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more properly thought of as aspects of institutional design. These variables are amenable to
change and the mechanism designer can use them to improve solutionsto thefreerider problem.

In Table 10, | summarize what seems to be the consensus of experimentalists about the
effect of achange in one of these variables on the change in total contributions as a percent of
the efficient level. Some effects are more certain than others, in that replication has confirmed
initial findings. Understanding behavior would be easier if each of these variables had a
separable and identifiable effect on contributions.5 Unfortunately that isnot true: the details of
the environment seem to matter. Left unexplainedinthetablearewhat | call cross-effects. The
latter are very important and not well tracked in the literature.? In some cases, cross-effects
may even reverse the direction of effect of avariable. We will see this below.

| organize the rest of this chapter as follows. In Section 3.1, | describe a very important
structural feature in environments with public goods which must be tracked in order to make
comparisons across experiments. 1n Section 3.2, | take up results dealing with repetition and the
related issues of learning and experience. In 3.3, | cover the strong effects of marginal payoff
(and itsrelated problem of numbers) and communication. 1n 3.4, | turn to weak effects. I1n 3.5,
| discuss some of the factors which may be important but of which little is known primarily
because an inability to control their impact on an experiment. In Section 4, | conclude with
some final thoughts on what we really know and where we might go.

51| have in mind here something like the robustness of the supply-demand equilibriumwith private goods. (See
chapter Holt (1994)).

52For example, the effects of changes in the marginal per capita return seem to vary depending on group size.
See | saac and Walker(1988b) and |saac, Walker, and Williams (1990).
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Table 10. Stylized Facts
Effect on %C Section
. ENVIRONMENT — easy to control

MPCR (marginal per capitareturn) ++ 3.3
Numbers 00 3.3
Repetition -- 3.2
Common knowledge + 34
Gender 0 34
Homogeneity (symmetry) + 34
Thresholds + 31
1. SYSTEMIC — difficult to control
Beliefs + 34
Economics Training - 34
Experience - 3.2
Friendship/Group identification + 34
Learning 0 3.2
Altruism, fairness ? 35
Effort ? 35
Risk Aversion ? 35
1. DESIGN VARIABLES
Communication ++ 3.3
Rebates + 3.3
Unanimity - 34
Moral Suasion ? 35

* + meansincrease, 0 means no effect, - means decrease, and ? means that |
do not believe these have even been measured yet. A double symbol means
the effect is strong and apparently replicable. A single symbol, other than ?,
means the effect is apparently there but weak and difficult to replicate.

3.1 Thresholdsand Provision Points

To compare data across experiments one must recognize that thereis afundamental difference
in the structure of incentives when a threshold or provision point exists from when it does not.
Without a threshold the voluntary contributions mechanism is usually a Prisoner’s dilemma
game; with a threshold it becomes a game of Chicken. See Table 11. In the former it isa
dominant strategy®? not to cooperate and thereis (usually) aunique non-cooperativeequilibrium
which isnot Pareto-optimal. 1n the game of Chicken there are generally many non-cooperative
equilibria, each of which may be optimal, and none of which is dominant, and the task of the

63A strategy is dominant if it maximizes the return to an individua no matter what his opponentsdo. That is, if
player i'sstrategy issand the others' strategies are x and i’s payoff is u(s, X) then the strategy ¢ isdominant if and
only if c solves max u(c, s) for al possibless.
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playersis to coordinate their actions to select one. The environments of Dawes et a. (1977)
and of Isaac and Walker (1988b) are of the prisoners dilemma variety. The environment of
Marwell and Ames (1979) is more like a game of chicken. It is not surprising that we see
different results in these two types of environments. For example, if the players can talk one
might suspect that in the game of Chicken they would correlate their strategies. Thisis even
easier in repeated play because they can then try to equalize sacrifice. But one might expect
that communication would have alesser effect in dilemma games since there is no problem of
coordination.

Table 11.%4
Prisoner’'s Dilemma Chicken
(MPCR=.75) (require 1C)
D C D C

D |44 7,3 D | 44 | 106
C |37 6,6 C 610 6,6

payoffs = (row player, column player)

D = do not contribute, defect

C = contribute, cooperate

For now let us address the smpler problem: do thresholds cause contributionsto increase,
ceteris paribus. One often sees campaign targets set when raising funds for charities or
university endowments. Do these work? We do not have much evidence but what there
IS seems to suggest that increases in thresholds increase contributions but also increase the
probability the target will not be reached.®® There are many papers reporting on experiments
with thresholds but six actually vary the threshold to determine its effect.®® Marwell and
Ames (1980) actually compare contributions with and without the provision point discussed
in Section 2.3. They found no significant difference. However, as we mentioned in Section
2.3.3 there remained a problem: while they did eliminate the major jump in payoff at 8,000
tokens, in their no-provision point design there are till actually 9 provision points since the
payoff is constant across 2,000 token intervals. (See Table 7 in Section 2.3.) What changed
was marginal payoff at each provision point: some increased and some decreased. So it is
not obvious in what direction the provision points are moving. Isaac, Schmidtz, and Walker

54In the Prisoner’s dilemma, each player’s dominant strategy is D. There is one Nash equilibrium: (D,D). In
Chicken, there are two Nash equilibria: (D,C) and (C,D). There are no dominant strategies. See Chapter 1 for an
early history of these experiments.

8530 if you are running a campaign you want a high enough target to encourage contribution i ncreases but low
enough to prevent failureto attain the goal. Thisisthe fund-raiser’sart.

86These are Marwell and Ames (1980), Dawes, Orbell, Simmons, and van de Kragt (1986), Isaac, Schmidtz,
and Walker (1988), Rapoport and Suleiman (1993), Suleiman and Rapoport (1992), and Palfrey and Rosenthal
(19914).
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(1988) provides a better study of this problem in the context of the Isaac, Walker, and Thomas
(1984) design described in Section 2.5. They consider three different provision point levelsand
keep all else constant, such as repetition and marginal payoff. Thisis done by paying subjects
pP(Z -c)+A &(-d)whereA=0if ¢ <T,A=1if ¢ > T and T is the threshold
or provision point. They find that increases in T increase contributions but also increase the
proportion of timesthat 5" ¢ < T. They also find that the increase in contributions disappears
with repetition so the failure of provison because )~ ¢ < T eventualy dominates. Suleiman
and Rapoport (1992) confirm thiswith asimilar study. The main differenceisthat they provide
a payoff of u' = pi(z — ¢) + Ar; that is, the return from the public good®” is independent of
the total contributions. They also found contributions increased with T and the probability of
provision decreased.%® The numbers are reported in Table 12. It is not obvious from these data
what the efficiency, 3" u' divided by the max possible, levels were. Dawes, Orbell, Simmons,
and van de Kragt (1986) report similar results when subjects make an al or none contribution
one time only.® Here everyone could contribute $5 or $0. If at least K of 7 contributed,
everyone got $10: contributors end up with $10, non-contributors receive $15. They find that
for K=3, 51% contribute and for K=5, 64% contribute. | could not calculate the provision
proportions from the data reported.

Table 12.
ave. contributions | provision %
10 53% 85%
Threshold 15 66% 80%
20 73% 39%

Soincreasesin thresholds seem to increase the percent contributed and lower the probability
of provision. But in afollowup study Rapoport and Suleiman (1993) report results that could
cause one to worry about accepting this proposition too quickly. Changing the experiment by
randomly assigning the endowments z to be 3,4,5,6, and 7, they found that changes in the
threshold had no significant effect on the percent contributed. With N=5, the average individual
contributions were 54%, 63%, and 60% for T=10, 15, and 20 respectively.”® The provision
percentages were 80%, 65% and 12% respectively. Palfrey and Rosenthal (1991a) find similar
ambiguitiesin a heterogeneous environment. There N=3, margina payoffs are heterogeneous,
and each agent has one token. The thresholdisK of N. They find that % contributionsincrease
asK isincreased from 1 to 2 but decrease asK isincreased from 2 to 3.

57In the experiments reported r =10, z =5, and T =10,15, or 20. N=5.

%8They also had repetitivetrials but since no information or feedback was provided between trials, the repetition
had no apparent effect.

89Suleiman and Rapoport (1992) actually test whether requiring an all or none payment affects the rate of
contribution. They find that contributionsincrease if ¢ is not restricted to be al or none. Palfrey and Prisbrey
(1993) have a similar finding for a non-threshold environment.

What did have an effect on the average contributed was the introduction of heterogeneity. More on thisin
Section 3.4.
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Inthe Palfrey and Rosenthal (1991a) framework, pure strategy Bayesian equilibrium theory
predicts a decrease from K=1 to 2 and from K=2 to 3 for their parameters. However, a careful
look at mixed strategy equilibria for these environments with thresholds suggests that game
theory would predict that changesin the threshold can have an ambiguous effect on changesin
contributions. See, e.g., Palfrey and Rosenthal (1988). The ambiguity is resolved only when
specific parametersare known. Thetheory istelling uswe should not expect adefinitive answer
to “does an increase in threshold increase contributions’ which isindependent of other factors.
The data are supporting that view.

3.2 EXxperience, Repetition, and Learning

A natural explanation for the large rate of contribution in many voluntary contribution exper-
iments can be found in the inexperience of the subjects. Perhaps a 40-60% contribution rate
occurs smply because if one must contribute a number between 0 and Z and does not under-
stand theimplications of the act then anatural choice issomewhereinthemiddle.”* Thiswould
be especially true of experiments such as Isaac-Walker in which payoffs are linear. Clearly
it isimportant to be able to discover whether the data are smply the result of confusion and
inexperience or the result of some more purposeful behavior. One way to do thisis to create
payoffs such that the two key points of interest, the dominant strategy contribution and the
group optimum contribution are moved to the interior of [0,100]. That is discussed in Section
4. We explore another way here.

Repetition (not replication) has become a common feature’? of much research in experi-
mental economicsin an effort to eliminate or control for at least two types of experience effects:
learning how to play the particular class of games, such aswhat keysto pressin acomputerized
continuous auction or how to read a particular payoff schedule, and learning about the specific
game one is in, such as what the environment is and what the other subjects are like. One
can easily control for the first type of experience by simply bringing back subjects who have
previoudy participated in similar experiments. This has not been done as often as one might
suspect. The data from Isaac, Walker, and Thomas (1984) and Palfrey and Prisbrey (1993)
suggest that subjects who have previously been in a voluntary contributions experiment con-
tribute less than those who arefirst-timers but still more than zero. Palfrey and Prisbrey (1993)
suggest that experience does not actually have a significant effect on the % of contributions,
because, although experienced subjects contribute less, they also make fewer errors. They also
find that experienced subjects are more responsive to MPCR. Two other studies which control
for experience thisway (Marwell and Ames (1980) and Isaac, Schmidtz, and Walker (1988))
however find no significant effect. There wasathreshold in the latter two and not in the former.

"An aternative yielding the same datawoul d be to randomi ze between contributing 0 and contributingz. This,
however, does not appear to be supported by individua data. But | am not sure whether amore diffuse contribution
strategy based on random behavior can be rgjected since one only sees realizations and not the strategy itself.

"2At least 25 of the 40 or so papers reported here have used thistechnique.
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Does that explain the different data? We do not know.”

Significant decreases from repetition in non-threshold environments are reported by |saac,
Walker, and Thomas (1984), Isaac, McCue, and Plott (1985), Isaac, Walker, and Williams
(1990) for N=4 and 10, Brookshire, Coursey, and Redington (1989a), Kim and Walker (1984),
Brown-Kruse and Hummels (1992), Banks, Plott, and Porter (1988), Sell and Wilson (1990),
Andreoni (1988b), and Isaac and Walker (1987). Experiments in which repetition had no
effect’® and there was no threshold are reported by Isaac, Walker, and Williams (1990) for
N=40 and N=100 and by Palfrey and Prisbrey (1993). In experiments with thresholds the
results are considerably more mixed. Bagnoli and McKee (1991) report a positive effect on
contributions, Palfrey and Rosenthal (1991a) report a small drift towards Nash equilibrium,
and Suleiman and Rapoport (1992) and Isaac, Schmidtz, and Walker (1988) report a negative
effect. From atheoretical perspective the natural question isnot whether contributions decline
but rather whether convergence to Bayes-Nash equilibrium is occurring. With no threshold,
the equilibrium is zero contribution and convergence seems to be empirically verified (at least
for small N). With athreshold, there are usually multiple Nash equilibria so the convergence
guestion is more clouded: we need to look at details other than ssmple increases or decreases.
Since the data and theory for the no threshold environments are more straightforward let us
concentrate on those for now.

The data suggest there is a deterioration in contributions after some number of iterations.
Is this due to strategy or experience? From a theoretical point of view, one must consider
significantly different model sdepending on whichisreally happening. Itispossibleto construct
amodel in which thereisavery small probability that some subjects are not fully rational (i.e.,
they use dominated strategies) and in which even fully rational selfishly maximizing subjects,
even perhaps economists, would contribute all or most tokens—at least in the early periods.
Towardsthelast iteration, therational playerswill not contribute. Thus, one should observe the
development of a bimodal distribution in contributions as iteration continues. Isaac, Walker,
and Williams (1990) have data somewhat likethisin large groups of 100. Such atheory can be
found in Kreps et al. (1982) and McKelvey and Palfrey (1992). If, on the other hand, subjects
are smply trying to learn (by some suitable groping process) what the appropriate one-trial
strategy is, given this environment and this collection of subjects, then a better model would
be something like a learning algorithm found in Miller and Andreoni (1991), Boylan (1990),
Crawford and Haller (1990), or Kalai and Lehrer (1990). If everyone learns, then one should
observe the contributions converge to the non-cooperative equilibrium after enough periods.
This seems to happen after 10 iterations in small groups. We do not know how long it would
takein large groups.”

3In another attempt to control for inexperience Dawes and Orbell (1982) let some subjects think about the
problem for aday. It did not matter. There was no threshold. See Section 3.5.

74Saijo and Yamaguchi (1992) report both decreases and no effect depending on the details of the payoff
schedules. More on thisin Section 4.

S|saac, Walker, and Williams are apparently now running some experiments for up to 60 decision roundswhich
may provide some answers.
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The experimental puzzleisto develop designswhich allow separation of these two types of
temporal phenomenaand help us identify those aspects of the institution which speed learning
or channel strategy when that is desirable. Andreoni (1988b) represents a good start on this
complicated problem. In a unique design he compared two treatments called Strangers and
Partners in an Isaac-Walker environment with p=1, §=.5, N=5, and z=50 all of which were
known to everyone. The Partners played repeatedly 10 times just as in Isaac, Walker, and
Thomas (1984). The Strangers were 20 subjects randomly reassigned by computer to groups
of 5 after each repetition. The ideawas to separate strategic play by Partnersfrom no strategic
play with Strangers. Thus one should see only learning in the Strangers condition but see
learning and strategy in the Partners condition. The dataarein Table 13. (Andreoni (1988b)’6)

Table 13. Average Investment in Public Good per Subject
Round
1 2 3 4 5 6 7 8 9 10 All
Partners 241 229 215 188 184 168 128 112 137 58 16.6
Strangers 254 26.6 243 222 231 219 178 197 140 122 20.7
Difference -1.3 -37 -28 -34 -47 -51 -50 -85 -03 -64 -41

Surprisingly, contrary to received strategi c theory, Partnerscontributelessthan Strangersand the
difference increases over time. Andreoni further argues that since there is no reason Strangers
should learn slower than Partners, learning alone is not responsible for the observed decay in
contributions. But strangersarein anoisier environment and, therefore, may indeed learn more
dowly. A strategic hypothes's, that giving occurs early because it generates morelater, appears
to be inconsistent with the data. A learning hypothesis may be ok. That decay in contributions
occurs with repetition in environments with a zero dominant strategy is indisputable. What
explains the phenomenon remains to be found. Follow up research is needed.

3.3 Strong Effects

In this section | want to concentrate on identifying those factors which, like repetition, have a
well documented effect on contributions in the voluntary provision of public goods. There are
redly just two factorsthat fall into this category: one environmental, marginal payoffs, and
one institutional, communication. | will, however, include a discussion of numbers and rebates
since their effects are virtually impossible to disentangle from those of marginal payoffs.

3.3.1 Marginal Payoffsand Rebates

Two of thevariablesmost easily controlled in public goods experimentsare the marginal benefit
of the public good relative to the private and the number of subjectsin agroup. Interms of our

8| would liketo thank Elsevier Science Publishersfor permission to quote from thisreport.
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general model, an agent’s payoff is u'(w — t', g(t;)). To see the incentives for contributi ng,

differentiate with respect to t', and get —u + u 10, Normalizing by U, yields —1 + ( y)gZ Itis
the product of the marginal rate of substltutl on, (u /uX) and the margi nal rate of transformatlon
g, which determines the marginal incentive to contrlbute Isaac, Walker, and Thomas (1984)
called thisproduct themarginal per capitareturn, MPCR. For their environment, u = p(w—t)+y
and g(Zt) = §(2t) and, therefore, MPCR=(1)(%). In Isaac, Walker, and Thomas (1984) and
| saac and Walker (1988b) they began a systematic exploration of the effect of changesin MPCR
on rates of contribution. As was evident from the data presented earlier in Section 2.4, Table
8, increasing the MPCR from .3 to .75 increases the rate of contribution independent of N
for N=4 or 10. Thus, athough the strong game-theoretic prediction of free riding is false,
subjects do appear to respond to incentivesin apredictable and systematic fashion. Does other
research confirm this? Unfortunately not very many other experimentors have controlled the
marginal payoff (MPCR) to assess its effect on contributions. But those that have generally find
observations consistent with the hypothesis that marginal incentives matter.”” Kim and Walker
(1984) increase margina payoffs, in the midst of their experiment, after repetitions 3 and 11.
Their MPCR changes from .02 to .05 to .07. Each change is accompanied by a significant
increase in contributions. Brown-Kruse and Hummels (1992) confirm the effect for MPCR=.5
and .3. Saijo and Yamaguchi (1992) confirm the effect for MPCR=.7 and 1.43.”®

We can also get some indirect evidence on the effect of marginal payoffs from two other
sources; experiments with asymmetric payoffs and experiments with rebates. An example of
theformer can be found in Section 2.4 wherel saac, McCue, and Plott (1985) found (conclusion
7 p. 64) that “individualsin the high payoff condition contribute more than individualsin the
low payoff condition.” Marwell and Ames (1979) also report more contributions from “high
interest” (blue) subjects (see Figure 6 Section 2.3 for the payoffs) than “low interest” (green)
subjects. Other confirming evidence with asymmetric payoffs can be found in Brookshire,
Coursey, and Redington (1989a), Fisher, Isaac, Schatzberg, and Walker (1988), Palfrey and
Rosenthal (19914a), and Rapoport and Suleiman (1993). One of the more powerful sets of
supporting datais in Palfrey and Prisbrey (1993) who mimic the Isaac and Walker framework
but allow the private valueto be asymmetric across subjects. In particularu' = P;(z—c)+a>_ ¢
where P; is private information, drawn randomly and uniformly from the set {1,2,...,20}.
Hereit isadominant strategy to contribute if P; < a and to not contributeif P; > a. They used
atotal of 64 subjectsin four different experimental sessions involving 4 person groups. A very
simple probit model, Probability(contribute)= f(constant + a(g)) is able to correctly predict

83% of the observations.”

7| use marginal incentives here to contrast it with what has been called the strength or salience of payoffs. That
would mean increasing the rate at which subjects are paid while keeping the margina payoffs constant. For the
Isaac and Walker environments thiswould mean increasing a and p while keeping % constant.

8At .7 itisadominant strategy to contributenothing. At. 1.43itisadominant strategy to contributeeverything.
Neither happens in this experiment but an increase in contributions (on average from 27% to 40%) does occur
with theincrease in MPCR. These puzzling datawill be discussed in more detail in Section 4 below.

®Thet statistic on the estimated coefficient « is 86.358.



Clearly, the marginal payoff 2 is an important effect.® Thisis true whether thresholds are
present or not. Indeed one other source of confirming data comes from the analysis of rebates
in threshold situations. Dawes, Orbell, Simmons, and van de Kragt (1986) study two changes
in their smple payoff structure, both of which increase the marginal payoff to contributing
ceteris paribus. Intheir baseline condition each subject could contribute or keep $5. If at |east
K of N contribute, then all get $10. In a“no fear” condition all contributors get their $5 back
if lessthan K contribute. Ina‘“no greed” condition subjects who do not contribute only get $5
moreif at least K contribute. The data are in Table 14. In another study with thresholds | saac,
Schmidtz, and Walker (1988) aso find a significant effect for rebates.

Table 14. % Contributing
K=3of 7| K=50f 7
baseline 51% 64%
no fear 61% 65%
no greed 86% 93%

The only report which might cast any doubts on the strong effect of increasing marginal
payoffs can be found in Isaac, Walker, and Williams (1990). Here they begin to explore the
effect of large numbers (N=40 and 100) without the deception which characterized others
earlier attempts. They found, with these large numbers, that varying MPCR between .3 and .75
had no significant effect on percentage contributions. In fact, it was not until MPCR dropped
from .30 .03 that any significant decline in contributions occurred. Either increasing numbers
has a dampening second order effect on the effect of marginal payoffs or there was something
else in their experimental design which caused the effect to be eliminated. Let us see what we
can find out about numbers.

3.3.2 Numbers

The second variable that is most easy to control is the number of subjects. One of the longest
running debates among theorists, other than whether contributionswill occur at al, is whether
contributions increase or decrease with group size8! Those arguing for a decrease in 5t; as
N increases generally believe that, in larger groups, non-cooperative behavior is more difficult
to detect and, therefore, self-interested subjects will be more willing not to contribute. The
argument that an increase in Xt; will occur as N increases usually relies on the fact that the
marginal effect on Y_; u' with respect to t; increases as N increases and, therefore, any tendency
toward altruism should be reinforced as N increases. In the Isaac and Walker environments
u=p(z—-c)+ 22 6). The marginal (selfish) incentive to contribute is piN = MPCR. The

80For additional work see Carter et a. (1992).
810lson (1971) isusually cited as arguing for the decrease. Chamberlin (1974) provides conditionsunder which
there might be an increase.
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margina (selfish) incentive not to contribute is % The group benefit if p = p for dl i is
YU =p(Cz—>c)+aq), sothemargina (atruistic) incentive to cooperate is f—)‘ If we
keep a and p constant but increase group size, we increase the marginal selfish incentive not
to contribute relative to the marginal atruistic incentive to contribute; causing contributions to
decrease with N. If we keep & and p constant and increase N, we cause the marginal altruistic
incentive to contributeto increase relative to the marginal selfish incentive not to contribute and
cause contributionsto increase. Does that happen? What do the data say?

While there are many experiments with different numbers, and different MPCRs, there are
only asmall number which systematically vary N as one of the treatments. Of those, only Isaac
and Walker’s group recognized the intimate relationship between MPCR and N. Three studies
by Marwell and Ames (1979), Chamberlin (1978), and Bagnoli and McKee (1991) involved
provision points. Marwell and Ames (1979), see Section 2.3, found no effect from varying
numbers. They did, however, adjust payoffs between large and small groups.

...keeping the situations of subjectsinlargeand small groupsotherwise comparable
also required keeping mean interest (V;) and resources constant over groups. This
meant that for large groups the total resources and interest had to be 20 times as
large as in small groups. For this reason cutting points for changes in payoffs
were also kept proportionate, so that, for example, 20 times as many tokens had
to be invested by the large group before the payoffs became larger than one cent
per token. Thus, the mean contributions were required to be identical for identical
effects. (Marwell and Ames (1979), p. 1346.)

| think this means that & was held constant as N increased but | cannot really tell from
their description. Chamberlin (1978) found a negative effect on contributionsas N increased.
Bagnoli and McKee (1991) also found a negative effect particularly in early periods. They
conjecture “individuals in a larger group may find it more difficult to focus on a particular
equilibrium vector of contributions.2

| find the | saac-Walker experimentswithout thresholds most revealing because they attempt
to control for the purely private incentives (measured by MPCR) in order to isolate the effect
of numbers and they have tried large numbers without deception. Initialy they used groups
of 4 and 10 and MPCRs of .3 and .75. Those data were displayed in Section 2.4, Table
8. They found that MPCR mattered and N did not. The only way N mattered was if a
were held constant causing a crowding effect where MPCR = piN declines as N increases.
Believing they had discovered asystemic relation between contribution and numbers, they then
designed with Williams an experiment for N=40 and N=100. In doing so they had to overcome

820ne other interesting set of experiments with Cournot oligopoly, reported in Morrison and Kamarei (1990),
finds no effect from numbers. As with thresholds thereis an interior equilibrium but unlike with thresholdsit is
unique.
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several methodological difficulties. To avoid the extremely high cost of such experiments, they
developed a new method for rewarding their subjects. In their own words:

As explained in the class handout, subject i’s experimental dollar earnings were
converted into the following “performance index” prior to being converted into
extra-credit points:
i's Actual Earnings-i’'s Minimum Possible Earnings
I's Maximum Possible Earnings-i's Minimum Possible Earnings

which can range from O to 1 for each individual. At the end of the final round,
this fraction was computed for each individual (based on earningsin all rounds),
multiplied by 3, and added to the subject’s final grade average. Thus, the range
of possible extra-credit pointswas [0, 3]. The performanceindex was used so that
the maximum and minimum possible extra-credit earnings did not depend upon
the design cell assignment. All classes from which subjects were drawn utilized a
100-point scale and, with minor modifications, used a standard mapping of point
totals into letter grades (A=90's, B=80's, etc.). Furthermore, Indiana University
alows + and - letter grades, so a unique letter grade typically comprised a 3 to 4
point interval.

We have spent a great deal of time considering questions of practicability and
fairnessin the use of extra-credit pointsas amotivator. On theissue of fairness, we
can report that of the hundreds of subjects who participated in the VCM-MS-XC
experiments,8 we do not know of asingle grade appeal in which these extra credit
points were an issue. (Isaac, Walker, and Williams (1990) pp.6-7.8%)

A second methodol ogical innovation for N=40 and 100 involved a technique which allowed
subjects to make decisions when not all 100 were in the same room at the same time. In
particular, each decison-making round lasted several days, rather than a few minutes, so
students could access the experiment on a network and make their decisions. This contrasts
with the typical single session which usually lasts only an hour or two. Asthey note on p. 6:

The experimental procedures outlined above represent alogical link between stan-
dard single-session laboratory experiments and actual field experiments. Certainly
some experimental control islost relativeto a strictly controlled laboratory setting,
however, thegaininfeasiblegroup sizes, thereal timebetween all ocation decisions,
and the more “natural” communication opportunities availablein this environment
add an element of parallelism with non-experimental settings that could have im-
portant methodol ogical and behavioral ramifications. (Isaac, Walker, and Williams
(1990) p.6.)

83My footnote: VCM-MS-XC means “voluntary contribution mechanism-multiple session-extra credit.”
84 would liketo thank R.M. Isaac for permission to quote from thisreport.
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Both innovations are clever and important advances in the methodology of experimental
economics, and if their innovations are valid, |saac, Walker, and Williams have found a very
inexpensive way to do experimental economics. They did run control sessions in order to
check validity. In a comparison to their earlier results with cash payments they claim “For a
specific group size and MPCR, the aggregate pattern of token allocations ...are very similar.”
A significant difference (through at-test) in the percentage of tokens contributed is found in
only one round.

Contrary to most economists expectations, not only were contributions higher with large
N but the effect of MPCR was significantly diluted. In particular they make three observations
based on their datawith largeN. (Isaac et a. p.13.)

First, the impact from variationsin the magnitude of the marginal per-capitareturn
from the public good (MPCR) appearsto vanish over therange[0.30, 0.75]. Second,
with an MPCR of .30, groups of size 40 and 100 provide the public good at higher
levels of efficiency than groups of size 4 and 10. Third, with an MPCR of .75,
there is no significant difference in efficiency due to group size. (Isaac, Walker,
and Williams (1990) p.13.)

Finaly, in an attempt to rescue the “MPCR effect” they ran three single session 40 person
experiments with money (at a cost of about $900 each) and an MPCR=.3. They found no
deterioration in contributions but, in fact, a dight increase over the “no money” experiments.
Continuing their rescue attempt they ran 4 experimental sessions with N=40 but MPCR=.03,
three with credit points and multiple sessions and one with money and a single sesson. Here
they finally found contribution rates that looked more like the N=4, MPCR=.3 experiments.
Instead of using large numbersto hide one’s selfishness, subjects actually seem to become more
cooperative in the larger groups. This would be consistent with the existence of the selfish
vs. dtruigtic tradeoff described earlier where holding & constant and increasing N increases
contributions. But another possible implication of ali) this is that voluntary contributions
experimentswith public goods, as many do them, are yielding datawhich are not very sensitive
to the incentives provided by the experimentalists.

What do we now know and what do we need to find out? Clearly, subjects appear to respond
positively to increases in their MPCR although the effect is diluted in large groups. To really
pin down the relationship between contributions, MPCR, and N will cost a lot of money and
effort since we need to fill in data between N=10, 40, and 100. We also need observations for
more values of MPCR than just .03, .3, and .75. There are many other observations on various
pairsof MPCR and N in theliterature but they need to be extracted and tabul ated.®®> Thiswould
be, to me, avery interesting subject for a dissertation.

850ne of the problems a theorist faces in trying to decide what we know is the fact that many experimentalists
make very littleeffort to relate their resultsto others.
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Also, can we now conclude altruismisat work? Rather than running avery large number of
experiments, one could try to leap to an understanding by creating a new theory which explains
or predictsarelationship (Zt;/N) = f[MPCR, N, o] where Xt; are total contributions, N=number
of subjects, and « are, perhaps uncontrolled and unobserved, parameters. The development of
such a theory would also point to new experiments which might require new theory, and so
forth. Let us see how this might work.

Standard game theory predicts, for the | saac-Walker environment that
(Zt)IN=0=f(M,N, )

for al M < 1 whereM = MPCR = pﬁN Try as they might, however, experimental economists
have been unable to support that theory in the lab. Based on their own experiments, |saac-
Walker-Williams suggest® atheory based on the concept of a successful group effort. Theidea
is that those who contribute are happy to do so if at least those who do are better off than at
the initial endowment. This will be true if and only if [(Ztj)/N]a > p. This meansthereisa
minimally sized successful group S = 2= sothat if at least Scontribute then those who do are
satisfied. This effectively creates a threshold payoff in utility as opposed to dollars. Keeping
MPCR fixed asN grows, Sbecomesasmaller percentage and, presumably, morelikely to occur
so agents are more likely to risk contributing. One can formalize this and generate an equation
for the expected % contribution

E[(Zt)/N] = N[pZ, MPCR,N]

where the form of I depends on the, unknown and uncontrolled, distribution of the subjects
tastes for success. But I(:) is estimable from enough data. It can be shown that 9r1/oM > O,
dln/op < 0, and dMN/oz < 0, independently of that distribution. One other implication is that
if payoffs are increased, that isif u = A[p(z — t) + §Xt] where A > 1, then (since this does not
change the MPCR but does increase pz) we should see contributions decline. All implications
are testable in the lab.

Another theory, based on the idea that subjects trade off selfish payments against altruism
would suggest apersonal utility payoff of V[u', Su] whereu' ispaidtoi and uX isthetotal paid
to all subjects. Approximating V' linearly yieldsu' + 3%, u¥. For the | saac-Walker environment

Vi = [p(z — 1) + %Zt"] + B[p(Nz — St + ast4].
Thus, i will contribute if and only if 3 > XM For this theory, the distribution of 7 is

NM-1*
uncontrolled and unobservable, but the predictions are that®’

1-M
B[S = 7 | S
8They have since provided some detail based on expectations about the effects of signaling. Their model
predicts that contributionswill decrease with [% . ﬁ] and will not change with a multiplicative increase in
payoffs.
87y is1 — F(-) where F isthe population cumulative distribution function of 3, a sample of which appearsin
the lab. Under the maintained hypothesisthat the theory is correct, v can be estimated from the data.
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where 47 < 0. Thus 9v/0N > 0, d~/opz = 0, and d~/OM > 0. As opposed to the model
based on minimally sized successful groups, this model predicts no change in % contribution
if payoffsareincreased since M will not change.

~ A third theory, based on the idea that subjects care about fairness or equality, would have
Vi=u +5§(Zj(uj — U)%] wheret = yojW,and o <0. Whenu' =p(z—t') + & 35 tj then

Vi=p(z—t)+af+ % > [pz(f - tj)z]
i

wheret = %y, t;. Differentiate V' with respect to't;, set it equal to zero and get

a 0 oz —
o N(L— M)
ti=t+ Tp
The expected % contribution is therefore
Zti) o NV (—_1)
N N 2p 1)

E[%C] = E (

where? isj’sbelief about others expected contributions.#8 Therefore

NM-1)_ /-1
[0) = . 7 S
E(%C) alE(t), . E(Z(S)]
where do/dp > 0 and do/ON < 0 sinceM < 1. If payoffs are increased then E(%C) decreases
since N, M stay constant but p increases.

We now have three theories based on three different uncontrollable and unobservable
parameters. Eachisconsistent with thefinding that increasesin M increase contributions. Each
yields different predictions for the comparative statics of N, P, and z and they can, therefore
in principle, be separated in the lab even if full control is not possible. At least two should be
demonstrably incorrect based on data. Maybe thethird isalso The next round belongsto the
experimentalists.

®SinceM < 1, t; < T o, strictly spesking, tj = 0if T + MU= < 0. Thus E(%C) is an overestimate of the
correct number. This does not affect the comparative statics below. Also it does provide a somewhat ad hoc
explanation for adeclinein contributionswith repetition since if subjects uselast periods contributionsto estimate
this periodst' then contributionswill follow the time path given by

N(Mp— 1))

%C, =%C,_1+ k(

where k isa subject pool specific constant.
89Since none predicts splitting of tokens, awell-known fact, all are technically deficient. See Chen (1993) for
atheory which might explain splitting.
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3.3.3 Communication

In Section 2.2 we saw that Dawes, McTavish, and Shaklee (1977) were able to demonstrate
that relevant communication increased contributions in N-person dilemma experiments. This
seems to be a consistent, replicable, and strong finding, especially for environments without
thresholds. What doestheory say? Asit turnsout, not much. Preplay communication, however
structured, in the language of modern game theory is ssmply cheap talk. If there is a unique
dominant strategy equilibrium, as is true of most experiments without thresholds, then talking
should have no effect on rates of contribution: We should see none. If there are multiple Nash
equilibria as is often the case with thresholds, cheap talk generally expands the number of
equilibria but might lead to better coordination by subjects. This might raise the efficiency of
the voluntary contributions mechanisms.

What do the datasay? Let uslook first at non-threshold environments. At least nine papers
report an obvious and significant increase in group payoffs when communication is allowed
prior to play. Dawes, McTavish, and Shaklee (1977) report an increase in payoffsfrom 31% to
72% when relevant communication occurs. (See Table 3 in Section 2.2.) Isaac, McCue, and
Plott (1985) report® that “ communication increases the level of contribution (and efficiencies).
The increase is small but it appears to be stable” (p. 67.) Isaac and Walker (1988a) report®
“our results document the significant impact of group communication in the reduction of free
riding behavior” Their four groups average greater than 80% contributions. In a follow-up
study Isaac and Walker (1991) designed an experiment to make communication costly. In fact
it was made a threshold public good.®? In spite of the cost of communication the groups still
achieved an efficiency level higher than 91% in six of ten periods.

One interesting aspect of these results is that repetition seems to increase the rate of
contribution with communication rather than inhibit it. The Dawes et al. results are for one-
shot decisions and yield 70% levels while the | saac-Walker results are for 10 or more periods
and yield 90%. There are of course other differencesin their experiments so the comparison is
somewhat tenuous. But Sell and Wilson (1990) have tested this comparison directly. Groups of
6 subjects with 40 tokens each contributed to an |saac-Walker type public good with MPCR=.3
under a2 x 2 treatment design. What was varied was (a) whether subjectsweretold what others
did in past decisions or not and (b) whether subjects could announce whether they intended
to contribute or not in the next decision. The idea is that no information-no announcement
is like a one-shot experiment, information-no announcement is like the | saac-Walker-Thomas
experiments without communication and information-announcement is like | saac-Walker with
very limited communication. The results are given in Table 15. | am not sure what to make of
this. Communication without verification (announcement only) seemsto reduce contributions.
With verification it helps (59.3% vs. 46.0%). But no information or communication, the

90See Section 2.4 for a description of their experimental design.
91Their environment is described in Section 2.4. Here they used an MPCR of .3.
9| at least 4 of 6 contributed 10¢, all could talk. There were no rebates.
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Table 15. Duncan’s Multiple Range Test for Contributions

Treatment Mean N Duncan Grouping
No Information, No Announcement 60.3 72 A
| nformation, Announcement 503 72 A
Information Only 460 72 B
Announcement Only 340 72 C

Note: Means with the same letter are not significantly different at .05
Sell and Wilson (1990) p.23. (I would like to thank J. Sell for permission
to quote from thisreport.)

one-shot equivalent, yields the same rate of contribution as information and communication,
the repetition and communication equivalent. Sell and Wilson state:

Our results are consistent with other reported results using a voluntary contribution
mechanism. Everywhereweobserveaconsi stent decay in provisioning that extends
over theperiods...Whereindividual sare ableto make announcementsand check on
one another’s behavior, they are somewhat lesslikely to liein their announcements
(the Pearson’ scorrel ation coefficient between one’ sannouncement and contribution
is .34, compared with .10 under the Announcement Only condition).

But they also admit that they are “far from capturing the essence of communication.”

Dawes and Orbell have been systematically studying communication in dilemmas, trying
to identify that essence. Experiments without thresholds are reported in Dawes, van de Kragt,
and Orbell (1987), Orbell, van de Kragt, and Dawes (1988), and Orbell, Dawes, and van de
Kragt (1990). Their present position seems to be that communication “works either because
it provides an occasion for (multilateral) promises or because it generates group identity — or,
possibly some combination of those two hypotheses.” (Orbell, Dawes, and van de Kragt (1990)
p.619, footnote 7.) They also note that multilateral promising only goes so far. In their words

Perhaps the psychology of multilateral promising reduces to the psychology of
a set of bilateral promises — perhaps, that is, people in our experiment felt they
were making promises, as Hobbes put it, “every one apart, and Man by Man.”
But the straightforward interpretation of our datais that people do revert to what
we have called multilateral promising and that, when they do, it can work. As
this article has suggested, the interesting problem is that when people do revert
to multilateral promising, there is no fully satisfactory rule for specifying when
one's announced willingness to accept the proposed terms of multilateral exchange
becomes an ethical obligation actually to do so. Our data are consistent with their
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adopting in practice a rule saying that promises are not ethically binding until
everyone in the group has promised. Thisruleis as simple as the analogous rule
that works nicely in the bilateral case and is attractive to that extent. But the
conditions under which it can produce satisfactory multilateral exchanges are quite
restrictive. 1t only requires a single individual to withhold a promise for whatever
reason, and the effort at multilateral promising collapses. We note that, for many
N-person prisoner’s dilemma configurations, losses from such a failure could be
quite substantial.

Short of further empirical investigation, we do not know whether the unanimity
requirement is progressively relaxed as size increases so that some proportion or
number less than everyone promising is sufficient to trigger ethical obligation. Itis,
nevertheless, instructive that, among our relatively small fourteen-person groups,
only about half managed to meet the obligation-invoking unanimity criterion —
and to capture the benefits that came with that. (Orbell, Dawes, and van de Kragt
(1990) p.627.%%)

We see that communication increases contributions in no-threshold environments with small
(N < 15) groups. We do not know why. We aso do not know what would happen in large
groups.

For completeness we should consider environments with thresholds. Here the evidence
is mixed although the theory suggests there should be even more group gains from commu-
nication than in the dilemma environment. van de Kragt, Orbell, and Dawes (1983) report
communication increases efficiency and contribution while Chamberlin (1978) and Palfrey and
Rosenthal (1991b) report no discernible effect. This needs more study.

3.4 Weak Effects

In this section | will briefly identify and describe a variety of additional phenomena which
experimentalists have pointed to as possible explanations for behavior observed in voluntary
contributions games. | separate these into environmental, systemic, and institutional effects
as was done in Table 10. Each effect has some evidence supporting its importance, but |
have called these weak effects because there does not yet appear to me to be enough evidence
for acceptance. In many cases there is apparently conflicting evidence. Future research will
determine whether any one of these effects should be included among those in Section 3.3.

9| would liketo thank the University of Chicago Press for permission to quote from this report.
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3.4.1 Environment

Homogeneity and Information In many of the early experiments with voluntary contribu-
tions, all subjects were given the same preferences and endowments® There is now reason
to believe that such homogeneity in the environment has a positive effect on contributions.
Isaac, McCue, and Plott (1985) conjectured this in their attempt to reduce contributions, and
included asymmetriesin payoffs. But they did not control for the effect by also studying their
environment without asymmetries.

We have aready seen that contribution rates are responsive to margina payoffs. See
Section 3.2. What is at issue here is whether there is an additional effect due to heterogeneity
in payoffs or endowments. For example, suppose if everyone is the same, contributions are
60% with MPCR=.75 and 30% with MPCR=.3. Now suppose we have an environment with
half MPCR’s=.75 and half=.3. Isthe aggregate contribution rate 45%? Or are the contribution
rates of the high MPCR types now less than 60% since they can safely mimic the behavior of
the low MPCR types? Theory is no help since it predicts contributions of O no matter what.
What do the data say?

InTable 16, | provideasummary of five paperswhich compareceteris paribus contributions
in homogeneous environments to contributions in heterogeneous environments. Looking only
at the last column would lead one to conclude that heterogeneity lowers contributions. But the
effect can clearly be dampened by alack of information and/or alack of repetition (or repetition
without reports of previous outcomes). Can we separate these effects? Let uslook at the role
and impact of alternative information structures.

Table 16.
Threshold Repetition Complete® More Heterogeneity

Information  Implies % Contribution

Bagnoli and McKee (1991) Y Y Y decrease
Brookshire et al. (1989a) N Y Y andN  decrease
Fisher et a. (1988) N Y N decreasein

first 10 periods
Marwell and Ames (1979, 1980) Y N N no effect
Rapoport and Suleiman (1993) Y Yb Y decrease only

at high threshold

& Subjects were told values “might not be the same” and all values were changed at period 10.
b Repetition occurred but no information about previous contributions of otherswas provided.
¢ Complete information means subjects know the ex ante distribution of possibletypes.

An important environmental treatment which can be controlled by the experimentalist is
what subjects know about the environment and about the actions of others. Asearly as Fouraker

94Thisistrueof Dawes, McTavish, and Shaklee (1977), | saac, Walker, and Thomas (1984), and some of Marwell
and Ames (1979).
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and Siegel (1963) it was recognized by experimentalists that this information structure was
important. Even the usually predictable behavior of subjects in Double Oral Auction Markets
becomes more volatile and less responsive to the Law of Supply and Demand if subjects know
each other’s payoffs. See Smith and Williams (1990). Unfortunately, however, there have
been only two studies of this easily controlled effect. Brookshire et a. (1989a) provide two
information structures — one (called incomplete) in which each subject knows only her own
payoff and endowment and another (called complete®) in which each subject knowsthe list of
others payoffs and endowments but do not know who has which one. They check 5 different
payoff structures and find that contributions tend to be less under complete information than
under incomplete information in al environments except the one, in which al subjects were
identical. In that homogeneous case information had no effect. Isaac and Walker (1989)
studied only the homogeneous case and found no effect on contributions from changing the
information conditions. So the studies are consistent but hardly conclusive and it is not easy to
find other experimental evidence to provide support. For example, although the evidence from
experiments with asymmetric payoffsand common knowledge of the possibletypesthat Palfrey
and Rosenthal (1991b) and Palfrey and Prisbrey (1993) conducted suggest lower contributions
than those of Dawes, McTavish, and Shaklee (1977) and | saac, Walker, and Thomas (1984), itis
only a suggestion and not a controlled experiment. We can make several tentative conjectures
but nonetheless they need considerably more testing before they become “stylized facts’ %
First, heterogeneity lowersthe rate of contribution— unlessthereisincomplete information and
no repetition. Second, complete information leads to less contribution than with incomplete
information — unless there is homogeneity. The existence of a threshold does not seem to
play an interactive role with heterogeneity. See Chan et al. (1993) for additional work with
heterogeneous endowments.

Gender Oneof the most obvious but easiest to control®” aspects of the environment is gender.
The question is ssimple: does gender affect the rate of contribution and how? There are 5
relevant studies but the evidence is nevertheless still inconclusive. On the one side, there are
two studies which purport to find that females tend to contribute more than males. Dawes,
McTavish, and Shaklee (1977) find this in one experiment but are quick to point out that it
occurred only in the relevant communication condition and that (seetheir footnote 5 p. 10)“we
have never been able to replicate the sex effect.” Mason, Phillips, and Redington (1991) find,
for two person games, that “ at the beginning of experimentswomen tend to be more cooperative
than men and have a higher variance of choices” But they aso note that “after 25 periods
these differencesvanish.” In the middle, finding no effect, are I saac, McCue, and Plott (1985),

%|n the language of modern game theory, the distribution of types is common knowledge. Information is
complete but imperfect.

%For example Brookshire et al. (1989a) suggest that the effect of heterogeneity depends on the range of
alternative types — how many and how different. This needs more exploration.

9This is dtill not perfectly controlled aways. See, for example, footnote 42 in Section 2.3 for a problem
encountered by Marwell and Ames.
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Poppe and Utens (1986), and Orbell, Schwartz-Shea, Dawes, and Elvin (1992). On the other
side, there is the only experiment designed specifically to isolate and identify a gender effect
in a public goods experiment with more than two players. Brown-Kruse and Hummels (1992)
used an Isaac-Walker design with N=4 and MPCR’s of .3 and .5. They aso varied acondition
they called “ community”, a group identity phenomena discussed further in Section 3.4.2. They
found first that there were no significant differencesin the way that men and women responded
to the community or multiplier (MPCR) treatments, nor in the way they contributed by period.
But they also found significant gender differencesin contribution rates. “...males contributed
at higher rates than did women” (p.12). Men’'s initia contributions rates are higher but their
comparative statics are the same. So are there gender differences? | think the question remains
open.%®

34.2 Systemic

In this section we consider three explanatory variables that may be important determinants of
cooperative behavior but which are difficult to measure and control.

Economics Training In Marwell and Ames (1981) a tongue-in-cheek, but still provocative,
guestion was raised: are economists the only freeriders? They reported finding that contribu-
tions were significantly lower if and only if the subjects were graduate students in economics
at Wisconsin. Isaac, McCue, and Plott (1985) took exception to this and used students in
an undergraduate sociology course at Pasadena City College and students from undergraduate
economics courses at Caltech. They found, under repetition, that “the tendency for erosion
of contributionsis not unique to societies populated by economists ...Our single experiment
with sociology subjects yielded substantially the same results as other subject pools, including
economists” | find neither set of data particularly convincing. It is not obvious what is be-
ing measured by participation in a class. Experience, training, self-selection, or propensity to
contribute? Are high school, 2-year college, 4-year college, and graduate classes different? Is
the effect large enough (if it exists at al) to be found across a large number of very sensitive
environments? The effect of training and/or self-sel ection on cooperation remains awide-open
problem.®®

9%Robyn Dawes has suggested to me that a “wild speculation would be that men cooperate more when the
experimenter isfemale” and vice versa. This can be tested.

9| n research on ultimatum games, a 2-person situation, Carter and Irons (1991) find that economists are more
selfish. Frank, Gilovich, and Regan (1993) have a similar finding for 2-person prisoner dilemmas. Kagel, Kim,
and Moser (1992) do not support the Carter and Irons result. | know of no other work specificaly designed to
isolate an “economist” effect than these three, but see Schram and Sonnemans (1992) for additional work in this
area.
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Beliefs It isnot surprising that some researchers have tried to explain contributions, when not
contributing is a dominant strategy, as mistakes. One systematic way to do thisis by assuming
subjects arrive in the lab with beliefs about the world, that these beliefs affect their behavior,
and that these are not controlledin the experiments. Indeed not only arethey not controlled they
may be only indirectly measurable. Three approaches have been taken: two with thresholds,
one without. Let uslook at the threshold environments first. Rapoport (1985) introduced the
notion of strategic uncertainty or a subject’s probability belief that the sum of contributions of
other playersislessthan or equal to X, call it F;(X). So when j’'s payoff is

I’+4—tj if ZtiZT
q—tj if St <T

and j maximizes expected payoff, j will chooset; to
max (r +z — §)(1 - F(T - 1)) + (g — t)F(T - t)

or
max r[1—F(T —t)] +z —t.

From atheorist’s point of view thisis very straightforward. From an experimentalist’s point
of view the problem is that the subject brings the function F(-) to the lab. Suleiman and
Rapoport try to discover what F; is by asking questions of the subjects. No payments were
made contingent on their answers.!® Using the estimated F; Suleiman and Rapoport can predict
t; from the maximization problem and then compareit to the actual contributions. Althoughthis
approach seems to have some explanatory power,'°! in their most recent paper Rapoport and
Suleiman, (1993), conclude “athough we have achieved limited success in accounting for the
contribution decisions of some of the subjects, our results show that neither the cooperative nor
the expected utility model account for the behavior of the majority of the subjects” (p.30). |
would suggest that perhaps the (survey) dataon beliefs and risk attitudes are unreliable and that
before one regjects those models one should try to find better ways to measure what is needed.
Perhaps some of the techniques discussed in chapter Camerer (1994) would be of help.

An alternative approach is devised by Palfrey and Rosenthal (1991a) who consider mis-
specified priorsand in amore compl ete game-theoretic framework. Thisalowsamuch clearer
test of the expected utility approach using only the actual decisions of the subjects (for which
they were paid). By changing the experiment so that (1) contributions are all or none and
(2) the public good is provided if at least K of N contribute, it is easy to show that a subject

100Thisyields arather peculiar juxtapositionof strong control of payoffs and absolutely no control over the data
on beliefs.

101Theinterested reader can check the dataanal ysi sin Suleiman and Rapoport (1992) and Rapoport and Suleiman
(1993). They also generaize the model above by assuming subjects have expected utility functions of the form
u(x) = k. They estimate c by fitting k¢ to nine responses of each subject about two alternative gambles and their
certainty equivalents. No payments were contingent on the responses so one must be careful about the quality of
these data.
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contributes if and only if rPf~* > Z where P " isj’s belief (probability) that exactly K — 1
others will contribute. If Z israndomly chosen from acdf G(-) then at a Bayes Equilibrium?°?
each expected payoff maximizing subject contributesif and only if z < z*, the probability any
one subject contributesis G(z*), and z* satisfies

1. (N-1 _ _
oz _( 1 )G(z*)K 11— GZ)VK.

Palfrey and Rosenthal carefully induce the payoffsand G. In their words:

At the beginning of each experiment, subjects were told K, N, r in “francs’
...and al other relevant information about the experimental procedures. They
were also told how many cents per franc they would receive at the conclusion of
the session. These values were held constant throughout an experiment. Subjects
earned between $10 and $20 during each session. Sessions lasted between forty-
five minutes and an hour and a half.

In each round, subjects were each given asingleindivisible “token” (endowment).
Token values in franc increments between 1 and either 90 or 204 were indepen-
dently drawn with replacement from identical uniform distributions and randomly
assigned to subjects, and this was carefully explained to the subjectsin theinstruc-
tions. ...Then each subject was told the value of his or her token, but not told
the values of the tokens of other subjects. Subjects were then asked to enter their
decisions (spend or not spend the token).

Theresultswerevery striking. First using the predicted z*(K, N) and varyingK and N, (N=3
and 4, K=1,2, and 3), one can get a prediction of subjects earnings in the Bayes equilibrium.
The regression of predicted on actual yields

actua earnings=-.054+1.045z" predicted with n=33 and R?=.95.

The intercept is not statistically different from O and the slope is not different from 1. But
individual behavior differs substantially from that predicted by the model: contribute when
Z < z(K,N). Palfrey and Rosenthal consider four alternative models: biased probabilities,
risk aversion, other non-linear utility forms including altruism and the Rapoport model, and
cooperation. They show that these yield different predictions about how contributions change
with K and N. They then proceed to show that the data support only the hypothesis that
subjects’ priorsabout G(z*(K, N)) are biased upward — that is subjects expect a dightly higher
rate of contribution than is consistent with an unbiased Bayes-Nash equilibrium. Whether this

1025ee Palfrey and Rosenthal (19914) for the details.

58



methodological approach would yield similar results for the complete information world of
Dawes, Orbell, Simmons, and van de Kragt (1986) remains an open question.

It is important to recognize the methodological differences between Rapoport and Palfrey
and Rosenthal. The latter use a standard economic approach to data analysis computing com-
parative statics predictions from theory and then comparing those predictionsto the data using
standard hypothesistests. In many cases this circumvents the need to measure utility functions
and/or priors directly because the indirect predictions are independent of the precise details
of those functions. Survey datal® in an experimental context are unreliable so it is important
to find ways to avoid their use. Indeed, that is the purpose of the lab. Theory, comparative
statics, and statistical procedures can allow us to test and identify, using indirect evidence, the
existence of effectswhich are otherwise unmeasurable and, perhaps, uncontrollable.

Beliefs have also been used as an explanation for contributions in experiments without
thresholds. The data can be found as early as Dawes, McTavish, and Shaklee (1977); atheory
for two-person dilemmas can be found in Orbell and Dawes'® (1991). In their N person
dilemma experiments, described earlier in Section 2.2, they also asked subjects about their
expectations of others' behavior. They report that

One of our most consistent findings throughout these studies — afinding replicated
by others work — is that cooperators expect significantly more cooperation than
do defectors. Thisresult has been found both when payoffsare “step-level” (when
contributions from a subset of k subjects ensure provision of a benefit to al) and
when they are “symmetric” (when all contributions ensure a constant benefit to
al). (Orbell and Dawes (1991) p.518.1%)

The data on beliefs are the results of surveys but there does seem to be something systematic;
subjects with a propensity to cooperate (for whatever reason) also tend to believe others are
more likely to cooperate. Dawes, McTavish and Shaklee (1977) go farther and claim that it is
choice causing beliefs and not vice versal® In Orbell and Dawes (1991) they use this as one
assumption in amodel which purportsto explain the evolution of cooperation and, presumably
therefore, the tendency to cooperate in the one-shot experiments. | think these ideas deserve
to be explored further especially in a way that provides more reliability in the responses to

103] yse this term to identify data collected by asking subjects questions for which there is nothing at stake.
This includes standard debriefing such as “What were you doing?’ As a classroom exercise, | have often asked
students to describe their strategy after an experiment. In the overwhelming majority of cases the data generated
in that experiment reject the subjects’ own hypotheses about their own behavior. | now tend to ignore any ex post
anecdotal evidence from surveys.

104A critique and response can be found in McLean, Orbell, and Dawes (1991).

105] would like to thank the American Political Science Association for permission to quote from this report.

106They survey both subjectswho were decision makers and subjectswho were (unseen) observers. The variance
of responses of the former was larger suggesting that choice affected beliefs.

59



guestions about beliefs. Scoring rules or payments to the subject whose predicted percentage
cooperation is closest to the actual percentage might tighten up the data. 1t would aso be
interesting to see how repetition affects predictions and how prediction affects behavior.1°”

Friends, Group Solidarity Two experimentalists have tried to discover whether some form
of group identity might cause contributionsto increase. Both have indicated the answer isyes.
Orbell, van deKragt, and Dawes (1988) report theresults of an experiment ssimilar tothe Dawes,
McTavish, and Shaklee (1977) experiments described in Section 2.2. One difference was that
some groups were told their contributions would provide a public good, not for those in their
own room, but for a similar group in another room. Although the payoff structure is identical
in both treatments, cooperation is significantly higher (almost twice as high) when the public
good accrues to subjects in one’s own room. The dataarein Table 17. The effect is magnified
by discussion although, somewhat surprisingly to me, discussion increases contributions even
when the benefits go to others.'®

Table 17. % Contributions

Giveto
Own Group | Other Group
No Discussion 375 19.6
Discussion 78.6 304

Brown-Kruse and Hummels (1992) aso try to control for group identity by using a com-
munity versus non-community treatment. In their words:

In the community v. noncommunity treatment, we controlled the nature of pre-
experiment communication. By filling out arequired questionnaire, subjectsin the
community setting were encouraged to meet, talk, and learn something about each
other. Our goal was to arouse a sense of membership in a group. (Brown-Kruse
and Hummels (1992) p.6.1%°)

Thisis very similar to the irrelevant communications treatment of Dawes, McTavish and
Shaklee (1977). Although only a small direct effect was found for community, the hypothesis
of no effect can be rgjected with only about 80% probability. A significant interaction was
found with marginal payoffs. When the MPCR was high contribution rates did not depend at all

07That is, does the mere act of asking for predictions affect the rate of contribution?

108They provide a second set of data, which shows that the opportunity of promising may be an important part
in explaining the effect of discussion. Thisisfurther discussed in Orbell, Dawes, and van de Kragt (1990).

109 would liketo thank J. Brown-Krusefor permission to quote from thisreport.
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on the community treatment: When the MPCR was low, contribution rates depended strongly
on the presence of the community treatment. Brown-Kruse and Hummels explain this using
the concepts of trust and risk. Higher MPCRs mean lower risk, more community means more
trust, and low risk means trust is unimportant while high risk means trust is important.

We are left with the undefined and unmeasured concepts of discussion induced group
solidarity (Orbell, van de Kragt and Dawes (1988)) and trust (Brown-Kruse and Hummels
(1992)) to explain part of the rate of contribution. There may be something here but it has not
yet been isolated, measured and controlled.

3.4.3 Institutional

Unanimity Building on an idea from Wicksell (1958), Smith (1977, 1979a) identifies una-
nimity as a potentially important driving principle in generating contributions towards public
goods.}® The ideais that after contributions are proposed a vote is taken. A single no vote
means contributions are returned and no public good is provided. These votes are more than
just talk since they change the Nash equilibrium of the game. The hope is that this raises
contributions since one can potentially contribute alot but then veto if others do not contribute
enough and so get one’'s money back. Banks, Plott, and Porter (1988) subjected these ideas
to a very rigoroustest in response to a proposal to use a mechanism like Smith’s public good
auction to allocate resources on Space Station Freedom. Thisresearch is anice example of the
use of experimentsto test the limits of a potentially useful ideafor a new institution in a way
that would be difficult if one were only able to use field data. Using the Isaac, McCue, and
Plott environment, described earlier in Section 2.4, Banks, Plott, and Porter generated the data
in Table 18.

Table 18. Average Efficiencies

For All Periods | For Early Periods | For Later Periods
‘ land?2 > 3.
with unanimity 8% 7% 8%
without? unanimity ‘ 32% 53% ‘ 21%

8 These data are from Isaac, McCue, and Plott (1985)

The effect of unanimity is large and apparently obvious; efficiencies are way down and the
effect of repetition disappears. A closer examination of the data reveal some clues. From the
datain Table 19 we see that unanimity doesincrease contributionsif there are no vetos but there
are so few success periods (13%) that the gain in potential contributionsis outweighed by the
failures. This effect isvery similar to the effect of increasesin thresholds observed in Section

110A recent theoretical analysisis Bigman (1992).
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3.1. Sincethereisonly thisone study*!, one must be careful about |eaping to conclusions but it
seems likely that unanimity is not desirable as an institutional device to increase contributions,
afact that would have been impossible to discover with theory or field data.

Table 19.
Efficienciesin
‘ Success Periods? | % Success Periods
with unanimity 57.5 13
without unanimity ‘ 32 100

& A success period is one in which no veto occurs.

Revision and Sequence Two other institutional variations may have a more positive effect
on cooperation than unanimity. One, sequencing,'*? has been tested in a threshold environment
and one, revision, has been tested across different environments including an Isaac-Walker
environment and a threshold environment. They each deserve further exploration.

The idea of sequencing is not new*'3 but one of the first studies of its propertiesin public
goods environments seems to be in Erev and Rapoport (1990). Sequencing allows or requires
participants to make their decisions sequentially with complete information about previous
decisions in the sequence. When there is a threshold this significantly changes the theoretical
properties of the game. If one applies the modern notions of sub-game perfection to a game
in which the monetary public good is provided if and only if K of N contribute then the
theory predictsthelast K in the sequence will contribute and the good will aways be provided
efficiently. The data lend limited support to this conclusion. Using an environment similar to
van deKragt, Orbell, and Dawes (1983) requiring 3 of 5 contributors, Erev and Rapoport found
that the percentage of cooperation was essentially the same whether decisions were sequential
(45.3%) or simultaneous (42.9%). However, under the sequential protocol the public good
was provided 66.7% of the time whereas it was provided only 14% under the simultaneous
protocol.** A sequential choice mechanism does not increase cooperation in this threshold
environment but it does solve some of the coordination problem. Of 75 subject choicesin the
sequential mechanism, 20 or 27% violated the predictions of game theory.!*®> No one knows
why athough the fact that most errors occurred in the early decisions (75% of the decisions

H1There have been other mechanisms tested with unanimity. Banks et al. (1988) also test Smith’s auction
process and obtain data similar to that in Tables 18 and 19. Smith et a. (1982) tested Oral Double Auctions with
unanimity and found that the extramargina unitswhich were rationed out by the price system — as they should be
—tended to veto the alocations and significantly reduce efficiencies.

2This variation is clearly related to sequential protocolsin bargaining such as ultimatum games. See chapter
Roth (1994).

1135eg, for example, the work of Harstad and Marrese (1978, 1981, 1982), or Cremer and Riordan (1982).

4N otice that the average (or % of) cooperation will not be the same as the % of time the good is provided. If
cooperation is efficient and exactly 3 of 5 contribute each time then (3/2)(% cooperation) = % provision.

15E g. if exactly 2 of 5 have cooperated and you are the 5th to move, you should cooperate.
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which violate the theory were made by the first 3 movers) suggests that backward induction
may be difficult for the subjects.*'® Other possibilities are that early movers may anticipate
mistakesby later moversor late movers may be spiteful. The explanation heremust be somehow
related to that of behavior in centipede games. (See McKelvey and Palfrey (1992).) Sequential
protocols are a possible solution to coordination problems with small numbers. They should
be studied more.

The idea of revision is also not new since it can be found in one of the oldest market
ingtitutions, the English Auction. Dorsey (1992), using the Isaac, Walker, and Thomas (1984)
design, with MPCR=.3 and N=4, made one change and allowed subjectsto adjust their planned
contributions in real time. Only the final contribution levels were binding. He found 11.5%
contribution rates when allowing both increases and decreases (compared to | saac, Walker, and
Thomas who found 26%). Allowing increases only —aform of partial commitment — Dorsey
found contribution rates of 23%. It isnot obviousthat revisions are helping in thispublic goods
environment.1*” Infact, they seem to give subjects an opportunity to discover others' less than
fully cooperative behavior and to lower contributions upon that discovery. But more needs to
be done before definite conclusions are possible.

3.5 Unknown Effects

There are anumber of other possible treatments or phenomenawhich might affect contributions
or cooperationandwhich, asfar as| know, havenot beenfully tested. Three of thesearedecision
costs, attitudesof fairness, and moral suasion. Eachisusually presented as amotivation beyond
monetary gain which might cause the decisions of subjectsto be different from those predicted
by reward maximizing models.

Decision Costs Decision costsarerelated to bounded rationality and computational andinfor-
mational complexity. Generally theideaisthat precise optimization carriescognitive processing
costs which are traded off by subjects against rewards: The lower the rewards the more errors
in computation. While Smith and Walker (1992) address some of the issues in the context of
private goods, it isdifficult to identify any systematic study in the context of public goods. Two
papers are vaguely related. Dawes and Orbell (1982) report the results of an experiment using
one of their standard dilemma designs with no threshold, with no communication and with
losses truncated at zero in which they tried to check whether communication causes increases
in contributions because it facilitates thinking. They allowed some subjects only 5 minutes to

1163ohn Kagel points out that “these results contrast to sequential games requiring 1 out of 2 to contribute to
the public good — where, with experience, subgame perfection works amost perfectly (Harrison and Hirschleifer
(1989). This supportsthe notion of the failure of backward induction argument, as these games involve only two
moves compared to 5.”

17Banks, Ledyard, and Porter (1989) found revisionsvery helpful in aprivate good, coordination problem.
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think about their choice and allowed others 24 hours. The results were clear and unequivocal:
cooperation rates were 35.6% for 5 minutes and 35.9% for 24 hours. “Thinking time per se
does not help.” (p.172.) In a second study related to decision costs, Saijo and Yamaguchi
(1992) compare rates of contribution in an Isaac and Walker type design with MPCR=.7 and
1/.7 and with N=7. They provide two different payoff tables to different subjects. One they
call rough, similar to that provided by Isaac and Walker, provides two columns of data: “Total
contributions’ in increments of 10 and “Your (public good) Payoff.” In the format they call
detailed they provide a 61 11 matrix whose rows are “sum of others contributions’ including
all integersranging from O to 60 and “your contribution” ranging from 0 to 10. The entries are
“your (total) payoff.” They obtain considerably different results with the detailed table than
with the rough. Using the rough table and MPCR=.7, the rates of contribution and the decline
with repetition mimic those in Isaac, Walker, and Thomas (1984) (see Section 2.5): more than
30% contribution early with decay towards 10%. With the detailed table “the mean investment
for al ten periodsis significantly less (19.6% vs. 34.1%) than the previous experiments and
no specific decay toward period 10 is observed.” (p.10.) It seems from Saijo and Yamaguchi
(1992) that reducing cognitive processing costs by providing the detailed table*® reduces con-
tributions and eliminates the decline with repetition. Thisis consistent with a hypothesis that
some subjects make errors (which are one-sided at 0) that they correct with repetition or with
detail. Thisisawide open area of research at the edge between psychology and economics. It
isrelated to theissue of presentation raised in footnote 16. It certainly seemsto me to be worth
alot more careful research.

Fairness Itisoften claimed that non-reward maximizing behavior arises because of subjects
concerns for fairness. There has been a lot of study or at least claims of this in bargaining
experiments (see chapter Roth (1994)) but very little has been done in the context of public
goods. Marwell and Ames (1979) administered asurvey as part of their experiment (see Section
2.3) and they suggest that the answers to that “suggests one major theme — the consideration
of ‘fairness as a mediating factor in investment decisons” (p.1357.) However, they also
recognize that “...investment in the public good did not vary with definitions of fairness’ (p.
1357) where definition meanswhat isafair % of contribution. However, contributionsdid vary
with a“concern for fairness.”

Those who were not so concerned were markedly concentrated in the lowest levels
of investment. For these people, at least, “being fair” may be driven out by greed.
If the stakes are high enough, almost everyone may opt for profit over fairness. But
thiswould still deny the strong free-rider hypothesisfor alarge range of meaningful
economic conditions.

18The detail table eliminates computation and interpolation but increases informational size from 2x 11 entries
to 61x 11 entries. Does thisincrease or decrease decision costs?



S0 here again is a possible explanation for contributions above those maximizing personal
payoff. | am uncomfortable with the use of survey data and the fact that “ concern for fairness’
is not measurable, but nevertheless | think there is something which deserves to be followed
up. One way would follow up on the theory presented in Section 3.3.2.

Moral Suasion | include a final class of phenomena which are possible explanations for
non-maximizing behavior under a general heading of moral suasion. We have already seen,
in Section 2.1, how instructions in Bohm's experiments included what he called “counter-
strategic arguments.” These are ssmply an extreme form of an effect which may lead subjectsto
make decisions as they think the experimenter wants them to. The existence of such an effect
has seemingly been demonstrated weakly by Hoffman and Spitzer (1985) and by Hoffman,
McCabe, Shachat, and Smith (1992) in the context of 2 person bargaining experiments.!'® The
latter state in their abstract: “we conducted dictator experimentst?® in which individual subject
decisions could not be known either by the experimenter or by anyone el se except the decision
maker. The results yielded by far our largest observed proportion of self-regarding offers”
The conjecture is that even if the experimenter can prevent subjects from knowing what each
other do, thefact that the experimenter knows can till lead subjectsto entertain other-regarding
behavior. It would be interesting to know whether such protection from the experimenter
(and not just from each other) is really important and whether it would significantly reduce
contributionsin any of the public goods situations we have described in this paper.

Finaly, one should notice that each of the three phenomena mentioned (decision costs,
fairness, moral suasion) trades off against the private stakes. All experimenters including
psychologists like Dawes and sociologists like Marwell recognize that “if the stakes are high
enough almost everyone may opt for profit.” It isindeed a systematic if not often replicated
fact in experimental datathat increasing the stakes (that is, for example, doubling the value of
each unit of endowment and doubling the value of each unit of the public good) reduces the
contribution rate in dilemmas.*?* Thisis amatter of control.

It is obvious that subjects bring motivations beliefs and capabilities to the lab that may be
vastly different from those assumed in standard game-theoretic models. Some experimental
situations such as Double Oral Auctions appear to be very robust against such variations. No
control is needed. Some experimental situations such as voluntary contributions mechanisms
with public goods are very sensitive to such variations. That sensitivity can be controlled with
high payoffs but littleis learned. The hard problem isto isolate and measure the effects of the
variations. Thiswill keep experimentalists busy for along time.

19T hese are discussed in chapter Roth (1994).

120pjctator experiments allow a subject to divide $10 between themselves and another. The other must accept
thedivision.

1215ee, for example, Marwell and Ames (1980), Palfrey and Prisbrey (1993), and McKelvey and Palfrey (1992),
who test this hypothesisdirectly.
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4 Final Thoughts

What do we know about behavior in public goods environments? In particular, are subjects
naturally cooperative, contributors, and altruistic? Conventional wisdom is based on the
data generated by Marwell and Ames, Dawes and Orbell, Isaac and Walker, and others in
environments without thresholds. These suggest that in public goods experiments where the
dominant payoff maximizing strategy isto give nothing and wherethe group optimumisto give
everything, in one-shot decisions or in the early rounds of repetitive decisions contributions
from 30% to 70% occur.1?? There areat |east two explanationsfor thedata: (a) subjectstrade off
atruistic and cooperative responses against personal payoffsor (b) subjects make mistakes, do
not care, are bored, and choose their allocationsrandomly. How can wetell the difference? Let
us look at four recent paperswhich, | think, provideaclue. Two use environmentswhich retain
a dominant strategy feature but test the hypothesis of natural cooperation by eliminating the
conflict between group and self-interest.'>> Two others study an environment with an interior
Nash and interior social optimum so mistakes can be made by both contributing too much and
contributing too little.*?*

In Palfrey and Prisbrey (1993) and Saijo and Yamaguchi (1992) each subject faces an
| saac-Walker type payoff of u' = p'(z— ;) + b'(¥; t;). Sometimesh' < p' < Nb', so self-interest
suggests t; = 0 and group interest suggests t; = z But sometimes p' < b' so both group
and self regarding behavior would suggest t; = z  Palfrey and Prisbrey use an asymmetric
information environment in which each subject has a different value of b/p but each knows
the common distribution that generates these values. Saijo and Yamaguchi use a complete
information homogeneous environment where all subjects have the same b/p, al know it, and
all are provided very detailed information on payoffs. The results, nevertheless, are remarkably
smilar. If we classify subjects as Nash players (a Palfrey and Prisbrey approach) if they
contribute when b' > p' and do not contribute when p' > b' and if we allow some error,*? then
Palfrey and Prisbrey find 49% Nash players. In Saijo and Yamaguchi in thefirst period of play
50% of the decisions (in the detailed treatment) are Nash. This increases to 62% by the last
period.!?8 At least half the subjects are very close to behaving as self-payoff maximizing game
theory would predict.

1225e¢, for example, Table 9.

1235ee Andreoni (1993a) and (1993b) for additional work likethis.

24 n Dawes et a., Marwell et al., and Isaac et al., etc. the dominant strategy wast = 0. Only mistakes such that
t > 0 arepossible.

125pglfrey and Prisbrey use a score maximizing procedure to do this. In Saijo and Yamaguchi, z=10 and | have
arbitrarily allowed errors of 1; that is, tj=0 or 1 isnot giving and t;=9 or 10 is giving.

126Two other interesting observations can also be made. First, initially there are 33% more Nash responses when
MPCR=.7 and Nash is anti-group behavior than when MPCR=1/.7 and Nash is exactly progroup behavior. This
suggests to me that the explanation for contributionsin one shot experiments with MPCR < 1 is not altruism.
Second, classifying 10 and 9 when MPCR=.7 and 0 and 1 when MPCR=1/0.7 as absolutely not Nash, we see 12%
responses, with no decline, which are of thistype evenly distributed between both values of MPCR. This suggests
to methat, on average, about 10% of |aboratory subjects may be simply immune to the control that experimenters
try to exert by paying them.
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What about the others? Arethey cooperative? Again Saijo and Yamaguchi (1992) provides
some clues. They used homogeneous groups of 7 with MPCR of .7 sometimes and 1.4 other
times. They also used a rough payoff table (similar to Isaac and Walker) and a very detailed
table. The rates of contribution are listed in Table 20.

Table 20. Approx. % Contributions (1st period, 10th period, Average)

Rough Payoff Table Detailed Payoff Table
MPCR=1.4 50,45,50 75,70,72
MPCR=.7 40,25,35 20,16,18

The rough payoff data with MPCR=.7 are similar to previous data of Isaac and Walker and
others. What is surprising is the rough payoff data for MPCR=1.4. If one wants to interpret
the 40% contribution with MPCR=.7 as contributory and the result of natural atruism or some
other group regarding behavior, then one must also interpret the 50% lack of contribution with
MPCR=1.4 as non-contributory and the result of natural spitefulness. The alternative, that there
are a lot of mistakes and inattention to payoff detail, seems more plausible to me. The 20%
and 75% early rates of contribution, when payoffs are better explained to the subjects, supports
that view but gtill leaves about 20%-25% of the aggregate contributions unexplained.?” What
has not been controlled?

Another approach to separating errorsfrom altruism places the non-cooperative equilibrium
in theinterior of [0, z] and separates that equilibrium from the group optimum. Both Andreoni
(1993b) and Walker, Gardner, and Ostrom (1990) do this by introducing income effects.!?®
Andreoni (1993b) wanted to study whether government funding of the public good would
crowd-out private contributions. He recognized that to do so required an environment with
an interior non-cooperative equilibrium. He created an environment in which an individual’s
payoff isu = aln(z—t;) + (1 — a)In(y), y = Zitj, and 0 < t; < z. The first thing to note
about this world is that the non-cooperative equilibrium (that generated by perfectly selfish
game-theoretic behavior) is

(-0
T 1+a(N-1)
so that for 0 < o < 1, 0 < t* < z The second thing to notice is that the marginal per capita
return (MPCR) to contributing is

X l—az-t

y a Y

127as| indicated in Section 3.3.1, Palfrey and Prisbrey (1993) provide aprobit estimation of individual decisions
and suggest that 80% of the decisions can be explained by expected contribution=f[« + @1 (MPCR)]. Thisaso
leaves about 20% unexplained.

1287 simpletheoretical exercisewhichwould provideaninteresti ng environment for an experiment isto determine

an environment where every subject has adominant strategy to contributet where 0 < t;* < zand where the group
optimum t° is such that to# SN, t.

(a4

1
(wiu) = -
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which is not constant in z. This is what is meant by income effects. At the non-cooperative
equilibrium,*?°t*, MPCR = 1, soif thesubjects’ cooperativenatureissimilar to that inthelinear
world of 1saac and Walker, we should expect to see contributions greater thant*. If everyoneis
symmetric, we canidentify agroup optimum?®* asthat t which maximizesaln(z—t)+(1—a)InNt.
Thust = (1 — o)z Noticethat,forO<a <landN>1,0<t*<t<z andtheMPCRat tis
< for all subjects™3' With this design it is possible for an experimentor to manipulate t* and
t to see whether subjects respond or not. Andreoni’s data suggest that they do. Although he
only used one set of parameterswithz= 7, t+ = 3, and t = 6, contributions averaged 2.84 over
a number of periods and were bounded between 2.11 and 3.33 in each period. Thisisclearly
near the non-cooperative equilibrium, is less than altruism would suggest, and is nowhere
near the optimum. Although | have not analyzed these data to separate out the percentage
of Nash players, thisis certainly additional evidence supporting the conventional wisdom that
average rates of contribution are 50% may be the unintended result of acorner non-cooperative
equilibrium and not altruism.*2

Another study which, serendipitoudly, was based on an environment with an interior non-
cooperative equilibrium is that by Walker, Gardner, and Ostrom (1990). In their attempt to
understand common property management problems, they created a public good world where
u = xXy+px, g(Zx) = F(2x)/(2x), and imposed the constraint 0 < X' < z The particular F()
they used was 23x — .25x? with p = 5. One can do the same analysis here as we did above
to Andreoni’s environment to find that t* is 8 and t is 4. One very interesting feature here
isthat t* and t are reversed so that 0 < t < t* < z Ostrom, Walker, and Gardner found that
contributions tended to be around t*, the Nash equilibrium, providing more evidence against
the ssmple altruism model of behavior.

Although no one has yet created an experimental study*** which would more closely

129F0r any utility/payoff functionsthe MPCR, for al players, will equal 1 at an interior Nash equilibrium.

130/ there are asymmetries and either X' #x or Z #2 then it is not clear what a group optimum is. Instead, there
are many Pareto-optima. |f the subjects are maximizing their total take then the best function to maximizeisZ;u'.
But thismay |eave some subjects very badly off.

13IAs N grows, t goes to zero while t stays constant and the MPCR at t goes to 0. To get some idea of the
strength of the incentives consider o = % and N = 10. Then, % ~5%, % =33%, and MPCR(t) =.10. To make it
possible to keep MPCR at t constant in N one must use a CES utility function.

132A methodologica point to Andreoni’s study must be noted with respect to the inducement of preferences, u'.
Rather than tell them the function — which they might not understand — he gave them a matrix; their t' as the
column, the sum of othersti’sas the row and the entry’swere u' = aln(z— t') + (1 — )Int' + 54t/ Aswith Saijo
and Yamaguchi this presentation of the data seems to provide subjects with computational help that leads them to
choose more self-interestedly. Thefact that theform of the payoff table affects behavior confirmsthe very delicate
and sensitive nature of public good experiments and the need for better control if data are to be accepted.

An experimental design problem, as we move to more complicated environments, will be how to induce very
complicated non-linear preferences with income effects and substitution among many (more than 2) dimensions.
At some point experimentalists must let go of their smple world in which marginal willingnessto pay schedules
are the same as demand functions. Of course that is harder to control and will require new procedures.

13| saac and Walker have responded to an early version of this paper by doing so but | have not yet seen the full
set of dataand anaysis.
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compare the data from environments with interior non-cooperative equilibriato those without,
the above experiments suggest that it would be worth the effort. If, as | suspect, the data
in environments with interior Nash equilibria continues to be close to that predicted by non-
cooperative behavior and if that is true for N=4, 10, 40, 100, then we would certainly need a
close reexamination of the stylized fact that subjects contribute 40-60% of the optimal level
because they are naturally group-regarding.

Let me conclude with some personal conjectures and beliefs arrived at while writing this
survey. (1) Hard-nosed game theory cannot explain the data. Subjects contribute even though
non-contribution is a dominant strategy. Even the most fervent economic experimentalist
can not force rates of contribution much below 10% (see Isaac, McCue, and Plott (1985)).
If these experiments are viewed solely as tests of game theory, that theory has failed. (2)
Contributions are however certainly responsive to marginal selfish payoffs. (Seelsaac, Walker,
and Thomas (1984) and Palfrey and Prisbrey (1993).) Most of the 50% who are not Nash
players seem to respond on average to selfish incentives. Thisis certainly consistent with the
view that altruism, self-interest, decision costs, and fairness (among other possibilities) are
all competing with each other in a subject’s true preferences. A task facing experimentalists
IS to separate the effect of these forces from each other. (3) Altruism or group-regarding
preferences cannot explain the data. When the conflict between group interest and self-interest
is removed, subjects till contribute in ways that are counter to both their self interest and
their group interest. (See Saijo and Yamaguchi (1992).) Up to 50% of the subjects appear
to be solely sdlf-interested when they understand the experimental situation.’®* (See Palfrey
and Prisbrey (1993).) Further, experience, repetition, better detail in payoffs, and information
about heterogeneity reduce the apparent atruistic instinct of 30-40% of other subjects. (4) Itis
possible to provide an environment in which at least 90% of subjects will become selfish Nash-
players. Heterogeneous payoffs and resources, complete and detailed information particularly
about the heterogeneity, anonymity from othersand the experimenter, repetition and experience,
and low marginal payoffswill all cause areductionin ratesof contribution especially with small
numbers. Add unanimity to the mechanism and rates will go to zero. (See Banks, Plott and
Porter (1988).) It is possible to extinguish any trace of “atruism” in the lab. (5) It is possible
to provide an environment in which almost all of the subjects contribute towards the group
interest. Homogeneous interest, little or rough information, face to face discussions in small
groups,** no experience, small numbers and high marginal payoffs from contributing will
all cause an increase in contributions. Why and how often this all works remains a mystery.
(6) There appear to be three types of players. dedicated Nash players who act pretty much
as predicted by game theory with possibly a small number of mistakes, a group of subjects
who will respond to self-interest as will Nash players if the incentives are high enough but
who also make mistakes and respond to decision costs, fairness, altruism, etc., and a group of
subjects who behave in an inexplicable (irrational?) manner. Casua observation suggests the

134Even Isaac, Walker, and Williams find 38% Nash-behavior in their large group — no money experiments by
round 10.
1350ne unanswered question is how or whether thisworksin large (N > 40) groups.
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proportions are 50%, 40%, 10% in many subject pools. We, of course, need a lot more data
before my outrageous conjectures can be tested.

Let me finish with one pessimistic and one optimistic observation from the point of view
of the mechanism designer. My pessimistic remark is that although inexperienced subjects can
be led to providelarge contributionsin one-time decisions with the use of relevant discussions,
one cannot rely on these approaches as a permanent organizing feature without expecting an
eventual declineto self-interested behavior. Thus, for example, techniques such as TQM (Total
Quality Management), political orations, and half-time speeches can have at best a transitory
effect in calling upon the altruistic impulses of some. Ultimately self-interest takes over. My
optimistic remark is that since 90% of subjects seem to be responsive to private incentives,
it will be possible to create new mechanisms which focus that self-interest towards the group
interest. We need not rely on voluntary contributions approaches but can instead use new
organizations such as those found in Smith (1979a), Groves and Ledyard (1977), or Ledyard
and Palfrey (1992). Experimentswill providethe basic empirical description of behavior which
must be understood by the mechanism designer and experiments will provide the test-bed in
which the new organizationswill be tested before implementation. But that is another paper.
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