The Economic Journal, 98 (December 1988) 974—1031
Printed in Great Britain

LABORATORY EXPERIMENTATION IN
ECONOMICS: A METHODOLOGICAL OVERVIEW*

Alvin E. Roth

Informal experimentation in economics goes back at least as far as Bernoulli
(1738) (in connection with the Petersburg game), and formal reports of
laboratory experiments as such have appeared for some time now (see e.g.
Allais, 1953; Chamberlin, 1948; Flood, 1958; Friedman, 1963; May, 1954;
Sauermann and Selten, 1959; Siegel and Fouraker, 1960; Smith, 1962; Stone,
1958). There are even survey articles on the subject which precede this present
one by more than twenty years.! Nevertheless, it is probably only in the last ten
or fifteen years that laboratory experimentation can be clearly seen to have
truly begun its now steady and sustained transformation from an occasional
curiosity into a regular means for investigating many kinds of economic
phenomena.

Incidentally, when I speak of ‘laboratory’ experiments, I am not speaking
of the location where experiments are conducted, which we will see may be in a
casino or an Indian village as well as at a university. Rather I am speaking of
experiments in which the economic environment is very fully under the control
of the experimenter, who also has relatively unimpeded access to the
experimental subjects. This distinguishes laboratory experiments from ‘field’
experiments, in which relatively few aspects of the environment can be
controlled, and in which only limited access to most of the economic agents
may be available.? It is precisely this control of the environment, and access to
the agents (sufficient to observe and measure attributes that are not controlled)
that give laboratory experiments their power.
~ The volume and variety of contemporary experimental work is now
sufficiently large that, in a survey of (even) this size, I would be unable to
represent it all adequately. Instead, I will aim for the more modest,

* I have enjoyed many helpful discussions about this paper with Jack Ochs and Emilie Roth, both of
whom have cheerfully read various preliminary drafts, and suggested many improvements. I have also
received useful comments and references to the literature from John Kagel and Graham Loomes, and from
John Hey and Andrew Oswald. Any errors of omission, commission, or confusion which have nevertheless
made their way into the paper are of course my own'responsibility. This work has been partially supported
by grants from the National Science Foundation, the Office of Naval Research, and the Alfred P. Sloan
Foundation.

! E.g. Cyert and Lave (1965) extolled the promise of controlled experimentation (and excoriated
theorists) in a review of experiments bearing on oligopolistic collusion. Friedman (1969) gave a thoughtful
review (still well worth reading today) of several experiments, including his own, concerned with oligopolistic
competition. Interestingly, his paper appeared in a special ‘Symposium on Experimental Economics’ that
also included reports of experiments by Hogatt (1969), MacCrimmon and Toda (196g), Sherman (1969),
Carlson and O’Keefe (1969), and Cummings and Harnett (1969), and which is probably as good an
indicator as any that experimentation had by that time already begun to draw sustained attention.

? A discussion of field experiments is well beyond the scope of this survey, as they raise some very different
methodological issues (cf. Ferber and Hirsch, 1982 or Hausman and Wise, 1985).
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methodological goal of illustrating how economists can use the tools they find
in the laboratory to make steady, incremental progress on answering questions
that would otherwise be intractable.

For this reason my survey will focus on sefs of experiments which together tell
us more than any one of them. By ‘more’ I do not mean that these sets of
experiments permit us to draw broader conclusions than might have seemed
warranted on the basis of one experiment alone. While this will sometimes be
$0, it can also be that subsequent experiments serve to define more narrowly the
conditions under which some phenomenon initially observed can be expected
to occur, or even that subsequent experiments will cause the results of an initial
experiment to be entirely reinterpreted. What I want to illustrate is how series
of experiments can be constructed to allow us to draw more reliable conclusions,
both about what we know and about what we know we don’t know.

The first four sections of this paper recount several series of experiments,
chosen to illustrate both some of the different areas of inquiry to which
laboratory experimentation has been applied in economics, and some of the
important methodological themes around which debates among experimenters
sometimes revolve. Each of the areas I have chosen is sufficiently complex to
allow room for experts to differ in their assessment of the nature and causes of
some of the principle phenomena encountered. In each of the series of
experiments I will describe, initial experiments serve to focus the investigation,
and subsequent experiments help to identify potentially critical variables.
When we get to the present in each of these series, there is still room for experts
to differ, but the room for disagreement has been considerably narrowed, and
the nature of remaining disagreements has been clarified. This is, I think,
typical of what we can expect of experiments.

Section I concerns several series of experiments investigating two-person
bargaining. Among the methodological themes which these experiments will
introduce is the importance, and the difficulty, both of creating an experimental
environment in which theories being tested give unambiguous predictions, and
of controlling or measuring the preferences of experimental subjects.

Section II concerns experiments investigating both the free rider problem
and the prisoner’s dilemma. The early experiments concerned with each
problem concentrated on single decisions, and the later experiments con-
centrated on repeated decisions, shifting the debate to the role of experience in
each case.

Section III concentrates on a controversy that arose over certain kinds of
conjectured auction behaviour. While the controversy arose out of differing
interpretations of field data, experimental methods proved useful in studying
the nature of the phenomenon, and have suggested that the problem can be
studied in field data by observing certain qualitative relationships identified in
the laboratory.

Section I'V concerns experiments involving individual choice behaviour, and
focuses on one of many anomalies, from the point of view of expected utility
theory, that have been experimentally observed by both economists and
psychologists. Even more than the other sections, the experiments discussed
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here illustrate the extent to which the interpretation of experimental results is
influenced by the theoretical predispositions of the investigators.

Section V attempts to tie together some of the methodological themes that
arise in the course of the paper, by means of some questions and answers, and
Section VI concludes.

Let me close this introduction by apologising to the reader for the fact that
I have found it necessary to include a reasonable amount of detail in my
description of at least some of the experiments described here. While the details
are obviously important in all kinds of work (and good surveys nevertheless
manage, mercifully, to leave them out), I think a survey of experiments would
be critically incomplete if it failed to at least suggest how very much the details
of experimental design are at the heart of how experimental results are
interpreted, and sometimes contested. The reader unfamiliar with ex-
perimentation may derive what comfort he can from knowing that my
experimental colleagues will criticise me for the many crucial details of each
experiment (as well as for the many important experiments) that I have
omitted.

I. BARGAINING BEHAVIOUR

Theories of bargaining that depend on purely ordinal descriptions of
bargainers’ preferences tend to predict large sets of outcomes, and for this
reason many economists (at least since Edgeworth, 1881) have argued that
bargaining is fundamentally indeterminate. In the language of cooperative
game theory, the difficulty is associated with the fact that the core corresponds
to the entire set of individually rational Pareto optimal outcomes. Similarly, in
strategic models (i.e. in the tradition of non-cooperative game theory) the
problem is that all of this typically large set of outcomes can be achieved as
equilibria of the game. Consequently, theories of bargaining that seek to make
stronger predictions have attempted to make use of more detailed information
about bargainers’ preferences or strategic options.

Since this kind of information is hard to observe in uncontrolled
environments, these theories have been notoriously difficult to test with field
data. While there have been some attempts to explain observed bargaining
outcomes by inferring what the utility functions of the bargainers would have
to have been in order to be consistent with the prediction of some particular
theory (i.e. with the prediction that could have been made had these utility
functions been observable), such exertises cannot serve to provide any sort of
direct test of the theory itself. Similarly, the detailed procedural information
required to specify a strategic model of bargaining is mostly unobservable in
field environments. Consequently, for tests of such theories it is natural to look
to the kind of controlled environment and relatively unlimited access to the
bargainers that can be obtained in the laboratory.

Although there has been an increasing convergence between the theoretical
literature concerned with strategic and cooperative models of bargaining (see
e.g. Sutton, 1986), the bargaining environments for which their predictions can
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be most clearly derived are rather different. Section I.1 will therefore be
concerned with experimental tests of cooperative models, and section I.2 will
take up a more recent experimental literature concerned with strategic
models.

I.1 Experimental tests of axiomatic models.

Perhaps the best known family of game-theoretic models of bargaining arises
from the work of John Nash (1950). Because of the way he specified his
assumptions, these models are referred to as ‘axiomatic’, and many specific
models other than the one originally proposed by Nash have entered the
literature (see Roth, 1979).

Nash considered the ‘pure bargaining problem’ in which two bargainers
must agree on one alternative from a set 4 of feasible alternatives over which
they have different preferences. If they fail to reach agreement, some fixed
disagreement alternative ¢ results. Nash modelled such a problem by a pair
(S,d), where S is a subset of the plane, and d a point in S. The set S represents
the feasible expected utility payoffs to the bargainers, i.e. each point x =
(%1,%,) In S corresponds to the expected utility payoffs to players 1 and 2,
respectively, from some alternative @ in A4, and d = (d,,d,) corresponds to the
utility payoffs to the players from the disagreement alternative 4. That is, the
theory of bargaining he proposed, and the other theories that have followed in
this tradition, take as their data the set (5,d), and thus represent the feasible
outcomes (solely) in terms of the expected utility functions of the bargainers. So
such theories predict that the outcome of bargaining will be determined by the
preferences of the bargainers over the set of feasible alternatives, together with
their willingness to tolerate risk.

Because of the difficulty of attempting to capture the information contained
in bargainers’ expected utility functions, there were sometimes claims in the
experimental literature that such a theory was essentially untestable.* To get
around the difficulty, the earliest experiments ® designed to test Nash’s theory
assumed, for the purpose of making predictions about the outcome, that the
utility of each bargainer was equal to his monetary payoff. That is, they
assumed that the preferences of all bargainers were identical and risk
neutral.

Important aspects of the predictions of the theory obtained in this way were
inconsistent with the experimental evidence. This disconfirming evidence,
however, was almost uniformly discounted by game theorists, who felt that the
results simply reflected the failure to measure the relevant parameters. Nash’s
theory, after all, is a theory that predicts that the preferences and risk aversion
of the bargainers exercise a decisive influence on the outcome of bargaining
(and, furthermore, that these are the only personal attributes that can influence

3 Some of the descriptive material in this section is adapted from the generally more detailed presentation
in Roth (19874).

4 For example, Morley and Stephenson (1977) state ‘ these theories ... do not have any obvious behavioral
implications’ (p. 86).

® Which are reviewed in Roth and Malouf (1979).
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the outcome when bargainers are adequately informed). If the predictions
made by Nash’s theory under the assumption that bargainers had identical risk
neutral preferences were disconfirmed, this merely cast doubt on the
assumption. The theory itself had yet to be tested.®

It was therefore clear that, in order to provide a test of the theory that would
withstand the scrutiny of theorists, an experiment would have to either measure
or control for the expected utility of the bargainers.

A class of games that control for the bargainers’ utilities was introduced in
the experiment of Roth and Malouf (1979). In these binary lottery games, each
agent 7 can eventually win only one of two monetary prizes, a large prize A, or
a small prize o, (with A; > o). The players bargain over the distribution of
‘lottery tickets’ that determine the probability of receiving the large prize: e.g.
an agent ¢ who receives 409, of the lottery tickets has a 409, chance of
receiving A; and a 609, chance of receiving o,. Players who do not reach
agreement in the allotted time each receive ;. Since the information about
preferences conveyed by an expected utility function is meaningfully
represented only up to the arbitrary choice of origin and scale (and since Nash’s
theory of bargaining is explicitly constructed to be independent of such
choices), there is no loss of generality in normalising each agent’s utility so that
%;(A;) = 1 and w;(0;) = o. The utility of agent ¢ for any agreement is then
precisely equal to his probability of receiving the amount A,, i.e. equal to the
percentage of lottery tickets he has received. Thus in a binary lottery game, the
pair (S,d) which determines the prediction of Nash’s theory is precisely equal
to the set of feasible divisions of the lottery tickets.”

Note that the set of feasible utility payoffs to the players of a binary lottery
game is insensitive to the magnitudes of A; and o, for each agent :. Furthermore,
the bargainers have what the game theory literature calls ‘complete’
information whether or not they know the value of one another’s prizes, since
knowing a bargainer’s probability of winning his prize is equivalent to knowing
his utility. Thus a theory of bargaining under conditions of complete
information, that depends only on the utility payoffs to the bargainers, predicts
that the outcome of the game will depend neither on the size of the prizes, nor
on whether the bargainers know the monetary value of one another’s prizes.

The experiment of Roth and Malouf (1979) was designed in part to test this
prediction, and determine whether or not changes in the size of the prizes, and
whether the bargainers knew one anothers’ prizes, influenced the outcome. All

¢ Of course it is commonplace in interpreting field data in economics that one is often obliged to accept
or reject joint hypotheses, which cannot be separated from one another. Much of the power of experimental
methods comes from the fact that they often allow us to test such hypotheses separately.

" Note that no assumptions have been made here about the behaviour of the experimental subjects
themselves in binary lottery games. (That is, the subjects might not be utility maximisers (see Section IV),
or they might have preferences over distributions of payoffs to both players, rather than over their own
monetary payoffs (see Sections I.2 and 1.3). What binary lottery games do allow us to know is the utility
of utility maximisers who are concerned with their own payofis. Since this is the kind of data required by
Nash’s theory, experiments using binary lottery games allow us to use the theory to make precise predictions.
It is this which was missing from earlier experiments, and from efforts to analyse bargaining data by inferring
ex post what the utility of the bargainers might have been.
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games were played by bargainers seated at separated computer terminals, who
could send text messages to each other, but who were prevented from
identifying themselves to one another, or from otherwise determining with
whom they were bargaining. Each bargainer played games with different prizes
against different opponents in one of two information conditions. In the ‘full
information’ condition, each bargainer knew both his own prize and his
counterpart’s; while bargainers in the ‘partial information’ condition each
knew only their own prize value. (In each of these games, under both
information conditions, the prediction of Nash’s theory is that the bargainers
would each receive 509, of the lottery tickets.)

The results were that, in the partial information condition, and also in those
games of the full information condition in which the two bargainers had equal
prizes, observed agreements clustered very tightly around the °‘equal
probability’ agreement that gives each bargainer 50 9, of the lottery tickets. In
the full information condition, in those games in which the bargainers’ prizes
were unequal, agreements tended to cluster around two ‘focal points’: the
equal probability agreement, and the ‘equal expected value’ agreement that
gives each bargainer the same expected value. The mean agreement in these
games fell approximately half way between the equal-probability and equal
expected value agreements. That is, in these games the bargainer with the
lower prize tended to receive a higher share of the lottery tickets. Thus,
contrary to the prediction of the theory, the monetary values of the bargainers’
prizes were clearly observed to influence the agreements reached when the
bargainers knew each other’s prizes.

Subsequent experiments (Roth et al., 1981; Roth and Malouf, 1982; Roth
and Murnighan, 1982; Roth and Schoumaker, 1983) were conducted to verify
that these results were not artifacts of the particular experimental procedures,
and to explore further the unpredicted effects of information in bargaining that
the data from Roth and Malouf (1979) so clearly revealed. Because I have
recently discussed most of these experiments in Roth (19874), I will not
describe them again here. But for the purposes of this paper, three further
points are worth making.

The first is that the appearance from the results of Roth and Malouf (1979)
that Nash’s theory was a good point predictor of agreements in the partial
information condition did not survive examination of a wider class of games.
The robust feature of those results, rather, was that when players did not know
one another’s monetary value for agreements, there was a tendency to reach
agreements that gave each bargainer an equal share of the commodity being
divided, whether this was lottery tickets or some more usual medium (see Roth
and Malouf, 1982).

The second point is methodological. All these experiments make critical use
of the control that laboratory environments allow. For example, in Roth and
Murnighan (1982), one of the eight cells of the experiment involved a binary
lottery game, with prizes A; = $20, A, = $5, and o, = o, = o, in which both
players were aware that the $5 player knew the size of both players’ prizes and
the $20 player knew only his own prizes. Another cell of the experiment
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involved different players playing the same game, again with the §5 player
knowing both players’ prizes and the $20 player knowing only his own, except
in this cell each player was uninformed about what the other player knew. (In
both cells, players were free to make any statements they wished about what
their prizes were, and about what they knew). This experimental manipulation,
which did not alter what the bargainers knew about each other’s prizes, but
only what they knew about what the other knew, was observed to have a
significant effect on the frequency of disagreement. (The highest frequency of
disagreement in the experiment, 33 9%,, was observed in the second of the two
cells described above, in contrast, for example, to a 199, frequency of
disagreement in the first of those cells.) It is hard even to imagine any field data
that might allow the effect of this kind of information difference to be observed.
But, in view of the importance of notions such as ‘common knowledge’ in
contemporary game theory, differences of precisely this kind are increasingly
encountered in the theoretical literature.® Laboratory experiments give us
what has at least so far proven to be the only direct way to investigate
them.

Note finally that the regularities among these unpredicted effects of
information make it unlikely that they can be attributed primarily to mistaken
or irrational behaviour on the parts of the bargainers. For example, in the four
cells of the above experiment in which the bargainers do not know what
information their counterpart has, the tradeoffs between the higher payoffs
demanded by the $5 player when he knows both prizes and the correspondingly
increased frequency of disagreements is what would be expected at equilibrium,
in that the increase in the number of disagreements almost exactly offsets the
increased share obtained by the $§5 player when agreements are reached.

These experiments involved variables which the theories in question predict
will not influence the outcome of bargaining. They revealed ways in which the
theories systematically fail to be descriptive of observed behaviour. As such, the
experimental results demonstrate serious shortcomings of the theories.
However, in order to evaluate a theory fully, we also need to test the predictions
it makes about those variables it predicts are important. For theories based on
bargainers’ expected utilities, risk posture is such a variable.

The predictions of these theories concerning the risk posture of the bargainers
were developed in a way that lent itself to experimental test in Roth (1979),
Kihlstrom et al. (1981), and Roth and Rothblum (1982). A broad class of
apparently quite different models, including all the standard axiomatic models,
yield a common prediction regarding risk aversion. Loosely speaking, they all
predict that risk aversion is disadvantageous in bargaining, except when the
bargaining concerns potential agreements that have a positive probability of
yielding an outcome worse than disagreement.

Three closely related experimental studies exploring the predicted effects of
risk aversion on the outcome of bargaining are reported in Murnighan et al.

8 For example, just such distinctions are made in the theoretical literature on reputations, such as that
growing out of Selten’s (1978) famous example of the ‘chain store paradox’. See for instance the papers by
Kreps and Wilson (1982) and Milgrom and Roberts (1982), or the general review by Wilson (1985).
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(1988). Whereas binary lottery games were employed in the earlier experiments
precisely in order to control out the individual variation due to differences in
risk posture, these studies employed ternary lottery games having three possible
payoffs for each bargainer ¢. These are large and small prizes A; and o, obtained
by lottery when agreement is reached, and a disagreement prize d; obtained
when no agreement is reached in the allotted time. (In the binary lottery
games, 0, = 0;.)

The bargainers’ risk postures were first measured by having them make a set
of risky choices. (Note that, in contrast to the experiments just discussed, the
strategy in this experiment was to measure preferences rather than to control
them.) Statistically significant differences in risk aversion were found among
the population of participants, even on the relatively modest range of prizes
available in these studies (in which typical choices involved choosing between
receiving $5 for certain or participating in a lottery with prizes of A, = $16 and
o; = $4).

Those bargainers with relatively high risk aversion bargained against those
with relatively low risk aversion in pairs of games such that the disagreement
prizes were larger than the small prizes in one game and smaller in the other.
The prediction of game theoretic models such as Nash’s is that agreements
reached in the first game should be more favourable to the more risk averse of
the two bargainers than agreements reached in the second game.

Let me be precise. The theory actually makes a stronger prediction, but only
the weaker form is confirmed by the experiments, and the reasons for this
illuminate not only the design and analysis of these experiments, but of many
experiments designed to test economic theories. When the prizes of both
bargainers are all equal (i.e. A; = A, = A, 0y = 0, = 0, and §, = §, = J) the
theories in question predict that the more risk averse player will get more than
509, of the lottery tickets when & > o, and less than 509, of the lottery tickets
when & < o. Thus the prediction is not only that the more risk averse player
should do better in the first game than he does in the second, but that he should
do better than the less risk averse player in the first game, and worse in the
second.

Now, as had already been established by the earlier experiments, these
axiomatic theories fail to predict the effects of the bargainers’ information
about one anothers’ prizes. Among the earlier observations was the very high
concentration of (50%, 50%,) agreements in games with equal prizes or in
which bargainers know only their own prizes, and a shift in the direction of
equal expected values in games with unequal prizes known to both bargainers.
The strongest form of the predictions about risk aversion concern games in
which the bargainers have equal prizes, and so the first experiment of
Murnighan et al. (1988) used such a symmetric game. However a test of the
predictions requires data from pairs of agreements between the same subjects,
and it was quickly observed that a high percentage of pairs reached (509,
509%,) agreements in the game with § < o, and ended in disagreement in the
game with § > o. Although there was a weak effect of risk aversion in the
predicted direction, it was not significant. One way to read this, of course, is as
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a rejection of the prediction, but in view of the relatively small scale of the
prizes it was thought that any effect of risk aversion might simply be
overpowered by the ‘focal point’ effect already observed in connection with the
equal probability agreement. So it was decided to run a subsequent experiment
in which the prizes were unequal, in order to give any effect of risk aversion a
wider range on which to be observed.? But, as had already been noted, this
meant that the player with the smaller prize could be expected to receive the
higher percentage of lottery tickets, irrespective of the relative risk aversion of
the two bargainers. Consequently only the weaker form of the risk aversion
prediction could be tested on such a game, and it is this prediction that was
ultimately confirmed by the data. That is, the results of these experiments
support the predictions of the game theoretic models that more risk averse
bargainers do better when the disagreement prize is high than when it is low.
But these results also suggest that, in the (relatively modest) range of payoffs
studied here, the effects due to risk aversion may be much smaller than some
of the effects due to changes in information observed in previous experiments.
How much this has to do with the size of the payoffs remains to be
determined.

So one lesson that can be drawn from all this is that it is possible to design
experiments to investigate the qualitative predictions of theories that may
already be known not to be good point predictors. Because of the relative
complexity of economic phenomena compared to the relative simplicity of
economic theories intended to account for them, this is frequently the problem
facing economic experimenters, one they have in common with econometricians
studying field data.

The results also illustrate a frequent and perplexing problem in interpreting
experimental work: how should one assess the ‘size’ (or relative importance)
of effects observed in the laboratory, particularly when these may be sensitive

® That is, it was thought that the high concentration of agreements around a ‘focal point’ such as (50 %,
50%,) might reflect forces at work which made it unprofitable for bargainers to try to achieve small
deviations from equal division, but that, once the bargaining had shifted away from such a compelling focal
point (into a region in which previous experiments had shown agreements would have greater variance), the
influence of risk aversion on the precise terms of agreement might be greater.

1% When prizes are small, the relatively small effect of risk aversion observed here suggests that it may not
be critical to always control for unobserved effects of risk aversion by employing binary lottery games in an
experimental design, particularly when risk aversion is not a primary cause of concern for the phenomenon
being investigated. Roth and Malouf (1982) report experiments similar to those of Roth and Malouf (197g),
but in which players are paid in money rather than in lottery tickets, and observe that the qualitative effects
of information are very similar. Harrison and McCabe (1988), Radner and Schotter (1987), and Cox et al.
(19854) also observe only small differences between certain observations made with and without binary
lottery games. (Cox et al. take the position that, if one is confident that all experimental observations conform
to some theoretical prediction stated in terms of expected utility functions, then the risk posture of bargainers
can be estimated from experimental results without any need to directly measure or control for differences
in subjects’ risk posture. In the context of an auction experiment they further argue that, in this way, the
results of binary lottery games can be used to detect violations of expected utility theory (on which see Section
IV), by using observed results to estimate what agents’ utilities would have to have been to make these results
conform to the theoretical prediction, and comparing these estimated utilities to the risk neutrality that
utility maximisers exhibit on binary lottery games.) Baiman and Lewis (1988) report in passing a direct test
to see if subjects are indifferent between equivalent compound and simple binary lotteries (as utility
maximisers would be), and based on somewhat ambiguous evidence they tentatively conclude that the
binary lottery procedure does induce risk neutral behaviour in their subjects. (Their paper also contains an
exceptionally clear exposition of their methodological concerns.)
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to the size of the payoffs to the subjects. Since it has so far proved far easier to
observe the unpredicted effects of information than the predicted effects of risk
aversion on the outcome of bargaining, can we conclude that the former are
more important than the latter? I do not think that the available evidence
justifies this conclusion. The problem is that there is reason to believe that risk
aversion is a phenomenon many of whose consequences are easiest to observe
when decisions involve very large gambles. While in principle this presents no
obstacle to experimental investigation (just conduct experiments with very
large prizes), in practice, experimental budgets always make it likely that
payoffs in the laboratory will be smaller than those in some situations to which
economic theories are naturally applied. Not being able to compare the
significance of these unpredicted and predicted effects means that, on the
evidence so far available, we cannot deliver a conclusive verdict on the overall
health of theories of bargaining such as Nash’s.

In looking over this whole series of experiments, two other phenomena stand
out. First, there was a non-negligible frequency of disagreements. Second,
there was a clear ‘deadline effect’. (In all the experiments discussed above,
there was a fixed time limit, typically from g to 12 minutes, by which time any
agreements must be concluded. Three minutes before the deadline, a clock
came on the screen). Across all experiments, which varied considerably in the
terms and distribution of agreements, the data reveal that a high proportion of
agreements were reached in the very final seconds before the deadline (see Roth
et al., 1988). The methodological point I want to make about these two
regularities is that the experiments reported above, which were designed to
permit the effects of particular manipulations to be observed, do not cast much
direct light on either of these phenomena, other than to indicate that they are
easy to observe.! Convincing evidence that particular variables are of
importance in producing deadline effects, for example, must come from
experiments in which the concentration of agreements near the deadline can be
shown to respond to changes in those variables.

In closing, I should remark that while I have emphasised in this section the
way theoretical predictions can be tested experimentally, experimental results
also suggest theoretical directions. The clearest and most often replicated result
discussed above is that information about the underlying commodities
influences the outcome of bargaining in a way precluded by theories stated only
in terms of bargainers’ utilities. This suggests we should examine bargaining
theories in which information about commodities can play a role, and there
have been a number of recent attempts in this direction, as well as renewed
interest in earlier theories that can be reinterpreted in light of the evidence (See
Roth (1979) for some of these earlier theories which allow comparisons between
bargainers. For one of the most recent, see Roemer (1988).) These theories too
yield testable predictions, and experiments have begun to help distinguish
among them (see e.g. Roth and Malouf, 1982).

1 Some other experiments cast some light on factors that may contribute to disagreements. Malouf and
Roth (1981) look at variations in the set of feasible outcomes, and Coursey (1982) compares single play
bargaining under loose time constraints with repeated bargaining under tight time constraints.
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I.2 Experimental Tests of Strategic Models

Recently a good deal of attention has been given to models of bargaining in
which two bargainers, 1 and 2, alternate making offers over how to divide some
amount £ (of money). Time is divided into periods, and in even numbered
periods ¢ (starting at an initial period ¢ = o) player 1 may propose to player 2
any division (x, k—x). If player 2 accepts this proposal the game ends and
player 1 receives a utility of (,)’x and 2 receives a utility (8,)'(k—x), where
d; is a number between o and 1 reflecting player ¢’s cost of delay. (That is, a
payoff of y dollars to player 7 at period ¢ gives him the same utility as a payoff
of 8,y dollars one period earlier, at period ¢t—1.) If player 2 does not accept the
offer, and if ¢ is not the final period of the game, then the game proceeds to
period ¢+ 1, and the roles of the two players are reversed. If an offer made in
the last period of the game is refused, then the game ends with each player
receiving o. A game with a maximum number of periods 7" will be called a
T-period game.'?

A subgame perfect equilibrium can be computed by working backward from the
last period. An offer made in period 7 is an ultimatum, and so at such an
equilibrium player ¢ (who will receive o if he rejects the offer) will accept any
non-negative offer. So at a subgame perfect equilibrium, player j, who gets to
make the proposal in period T, will receive 1009, (if payoffs are continuously
divisible) of the amount £ to be divided, if the game continues to period 7.
Consequently at period T— 1 player j will refuse any offer of less than (d;)% but
accept any offer of more, so that at equilibrium player : receives the share
k— (6,)k if the game goes to period 7'— 1, and so forth. Working back to period
0, we can compute the equilibrium division: i.e. the amount that the theory
predicts player 1 should offer to player 2 at period o, and player 2 should
accept. (When payoffs are continuous this equilibrium division is unique.)

Recent experimental studies of this kind of bargaining have reported
markedly different results. Their authors have drawn quite different
conclusions about the predictive value of perfect equilibrium models of
bargaining, and about the role that experience, limited foresight, or bargainers’
beliefs about fairness might play in explaining their observations. (Questions of
fairness arise because in some of these experiments many observed agreements
give both bargainers 509, of the available money.) In reviewing these
experiments here, my aim is to show how, even in the earliest stages of a
programme of experimental research, when there is room for substantial
disagreement about what is being observed, early experiments suggest later
ones, subsequent experimental results suggest reinterpretations of earlier ones,
and the process of experimentation offers the prospect of steadily (if somewhat
slowly) narrowing the areas of potential disagreement.

12 Much of the recent theoretical work using this kind of model follows the treatment by Rubinstein (1982)
of the infinite horizon case. An exploration of various aspects of the finite horizon case is given by Stahl
(1972). This literature considers the cost of delay in more general form than only the discounting discussed
here. An experiment motivated by this literature which considers a fixed cost per period of bargaining is

Rapoport et al. (1988). An experiment with a similar cost structure, motivated by earlier theoretical attempts
to deal with costs of delay, is Contini (1968).
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In each of the following experiments, the predictions tested involved only the
ordinal utilities of the bargainers, not their risk posture. Following standard
practice in the experimental literature when only ordinal utilities are of
concern, the utility of the bargainers was assumed to be measured by the
amount of money they receive.

Guth et al. (1982) examined one-period (‘ultimatum’) bargaining games.
Player 1 could propose dividing a fixed sum of £ Deutsche Marks any way he
chose, by filling out a form saying ‘I demand DM «’. Player 2 could either
accept, in which case player 1 received x and player 2 got k—x, or he could
reject, in which case each player received o for that game.

The perfect equilibrium prediction for such games is that player 1 will ask
for and get (essentially) 1009, of £. However the average demand that players
1 were observed to make was for under 70 %,, both for players playing the game
for the first time and for those repeating the game a week later. About 209, of
offers were rejected. The authors conclude that ° ... subjects often rely on what
they consider a fair or justified result. Furthermore, the ultimatum aspect
cannot be completely exploited since subjects do not hesitate to punish if their
opponent asks for “too much”.’

Binmore ¢t al. (1985) write: ‘The work of Guth et al. seems to preclude a
predictive role for game theory insofar as bargaining behaviour is concerned.
Our purpose in this note is to report briefly on an experiment that shows that
this conclusion is unwarranted...’'® Their experiment studied a 2-period
bargaining game, in which player 1 makes a proposal of the form (x, 100—x)
to divide 100 pence. If player 2 accepts, this is the result. Otherwise 2 makes
a proposal (', 25—x") to divide 25 pence. If player 1 accepts, this is the result,
otherwise each player receives o. Thus in this game &, = d, = 025, and (since
proposals are constrained to be an integer number of pence) at any subgame
perfect equilibrium player 1 makes an opening demand in the range 74-6
pence, and player 2 accepts any opening demand of 74 pence or less. Subjects
played a single game, after which player 2 was invited to play the game again,
as player 1. In fact there was no player 2 in this second game, so only the
opening demand was observed.

The modal first demand in the first game was 50 pence, and 15 9, of the first
offers were rejected. In the second game (in which only first demands were
observed), there was a mode around a first demand near 75 pence. There was
thus a clear shift between the two distributions of first demands, in the direction
of the equilibrium demand. The authors conclude ‘Our suspicion is that the
one-stage ultimatum game is a rather special case, from which it is dangerous
to draw general conclusions. In the ultimatum game, the first player might be
dissuaded from making an opening demand at, or close to, the “optimum™
level, because his opponent would then incur a negligible cost in making an

13 They add : ‘ This does not mean that our results are inconsistent with those of Guth et al. Under similar
conditions, we obtain similar results. Moreover our full results would seem to refute the more obvious
rationalizations of the behavior observed by Guth et al. as “ optimising with complex motivations”. Instead,
our results indicate that this behaviour is not stable in the sense that it can be easily displaced by simple
optimizing behavior, once small changes are made in the playing conditions.’
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“irrational” rejection. In the two-stage game, these considerations are
postponed to the second stage, and so their impact is attenuated.’

Guth and Tietz (1987) responded with an experiment examining two two-
stage games with discount factors of 0'g and o'1 respectively. So the subgame
perfect equilibrium predictions (in percentage terms) for the two cases are
(10%, 90%) and (90 %, 109,) respectively. They say ‘Our hypothesis is that
the consistency of experimental observations and game theoretic predictions
observed by Binmore et al. as well as by Fouraker and Siegel is solely due to the
moderate relation of equilibrium payoffs which makes the game theoretic
solution socially more acceptable.’ Subjects played one of the two games twice,
each with a randomly chosen other bargainer. Subjects who played the first
game as player 1 played the second game as player 2. One difference from the
sequential bargaining games discussed above was that disagreement auto-
matically resulted if player 2 rejected an offer from player 1 but made a
counterproposal that would give him less than player 1 had offered him."

In the first game, the average first demand in games with a discount factor
of 0’1 was 76 %, and in the second game 67 %,. For games with a discount factor
of 09, the average first demand in the first game was 70 %, and in the second
game 59%. (Recall that when the discount factor is 09, the equilibrium first
demand is only 109,.) The authors conclude ‘Our main result is that contrary
to Binmore, Shaked and Sutton ““gamesmenship” is clearly rejected, i.e., the
game theoretic solution has nearly no predictive power.’

Neelin et al. (1988) also responded to Binmore et al. (1985). They reported
two experiments involving 2-period, 3-period, and 5-period bargaining games.
Neelin et al. observe that the data for all their (2, 3, and 5 period) games are
near the perfect equilibrium prediction for 2 period games. They conclude
¢...the strong regularity of the behaviour we observed is one of the most
noteworthy aspects of our results and lends power to our rejection of both the
Stahl/Rubinstein theory and the equal-split model’."®

Following most of this exchange, Ochs and Roth (1988) noted that the prior
analyses had focused on the accuracy of the perfect equilibrium as a point
predictor, i.e. on whether the observed outcomes were distributed around the
perfect equilibrium division or around some other division of the available
money. Their experiment was designed to test the predictive accuracy of some
of the qualitative predictions of the perfect equilibrium in sequential bargaining,
and was designed to detect whether changes in the parameters of the game
influence the observed outcomes in the predicted direction, even in the case
that there might be a systematic error in the point predictions (recall the
discussion of risk aversion in Section I.1). To this end the experiment was

14 Note that this rule makes the games more like ultimatum games, since some demands of player 1 (e.g.
demands of less than 909, in games with discount factor of o'1) can only be rejected at the cost of
disagreement.

15 In a reply, Binmore et al. (1988a) decline to attribute the same significance to these results, and
conjecture that the various differences described among these experiments may be due to the various
differences in experimental procedures employed, which, they suggest, may make the theoretical model more
appropriate for their experiment than for some of the others. (A related view is expressed by Harrison and
McCabe (1988).)
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implemented in a way that allowed the discount factors of the two bargainers
to be varied independently.'® In order to compare games like those considered
in the earlier experiments, the experimental design allowed comparisons
between different combinations of discount factors for games of fixed length, as
well as between games of different length for given discount factors. The eight
cells of the experiment compare two and three period games using all four
combinations of discount factors (d,,8,), with é; equal to o4 or 06.

Overall, although the data reveal some striking regularities, the perfect
equilibrium predictions do poorly both as point predictions and in predicting
qualitative differences between cells, such as mean first period offers. (The
authors write ‘...we can just barely reject the null hypothesis that, as a
predictor of the direction of differences in pairwise comparisons of means, the
theory does no better than coin flipping.’) While parts of the data appear to be
consistent with similar observations made in the earlier experiments, larger
experimental designs allow more comparisons to be made, so that observations
which, piecewise, appear contradictory, emerge as part of a larger picture.!”
Perhaps the most interesting part of this picture, for our present purposes,
concerns what happens when first period offers are rejected, both in this
experiment and, as it turns out, in the previous experiments.

Briefly, approximately 15 9, of first offers met with rejection (including those
in games with experienced subjects who had played ten games against different
opponents), and of these well over half were followed by counterproposals in
which player 2 demanded less cash than he had been offered. That is, a
significant number of players 2 were rejecting small shares of the relatively
large gains available in the first period in favour of large shares of the much
smaller gains available in the second period. Since, after player 1 has made a
proposal, player 2 is faced with an individual choice problem, we can conclude
by revealed preference that these player 2’s utility is not measured by their
monetary payoff, but must include some non-monetary component. When the
data of the previous experiments were reanalysed with this in mind, it turned
out that this pattern of rejections and counterproposals was strikingly similar
in all of these experiments.®

16 Each of the earlier experiments was designed to correspond to the case that the players have equal
discount factors, i.e. 8, = 8, = 0, with the costliness of delay implemented by making the amount of money
being divided in period ¢+ 1 equal to ¢ times the amount available at period ¢. Since half the cells of the
experimental design of Ochs and Roth require different discount rates for the two bargainers, the discounting
could not be implemented in this way. Instead, in each period, the commodity to be divided consisted of 100
“chips’. In period 1 of each game, each chip was worth $0.30 to each bargainer. In period 2, each chip was
worth 8,($0.30) to player 1 and 8,($0.30) to player 2, and in period § of the three period games each chip
was worth (8,)* ($0.30) and (8,)? (80.30) respectively. That is, the rate at which subjects were paid for each
of the 100 chips that they might receive depended on their discount rate and the period in which agreement
was reached.

7 In this regard, the paper notes *...if we had looked only at Cell 1 our conclusions might have been
similar to those of Binmore et al., since the data for that cell looks as if after one or two periods of experience,
the players settle down to perfect equilibrium proposals... And if we had looked only at Cells 1 and 5, our
conclusions might have been similar to those of Neelin ez al., since in those two cells both the two and three
period games yield observations near the two period predictions... And if we had looked only at cells 5 and
6, we might have concluded, like Guth and Teitz, that the phenomena observed here was closely related to
the relatively extreme equilibrium predictions in those cells.’

18 When the necessary data from these earlier experiments were not contained in published accounts, they
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Ochs and Roth (1988) go on to argue that this and other patterns in the data
can plausibly be explained if the unobserved and uncontrolled components of
utility in these experiments have to do with subjects’ perceptions of ‘fairness’,
which involve comparing their share of the available wealth to that of the other
bargainer. They note that in most cases agents propose divisions that give them
more than half of the proceeds, and say ‘... we do not conclude that players
“try to be fair”. It is enough to suppose that they try to estimate the utilities
of the player they are bargaining with, and ... at least some agents incorporate
distributional considerations in their utility functions.” That is, if agents’
preferences are such that they will refuse ‘insultingly low’ offers, then this must
be taken into account in making offers.

Note that uncontrolled elements in the bargainers’ utility in these
experiments suggests that none of them can be easily interpreted as tests of
perfect equilibrium per se, since to compute a perfect equilibrium we need to
know the preferences of the players (and so do they).'® But the uniformity with
which ‘disadvantageous counterproposals’ have appeared in the experiments
to date, in contrast to their otherwise quite varied results, suggests that
bargaining may be an activity that systematically gives bargainers motivations
distinct from simple income maximisation. One natural direction in which to
continue this (still young) series of experiments is to attempt to observe directly
or manipulate these so far uncontrolled motivating factors.

1.3 Bargaining as a Complex ‘ Social’ Phenomenon

To the extent that these other motivations may reflect some element of
bargainers’ perceptions of ‘fairness’, this may help explain why the results of
these various experiments may have been more sensitive than might have been
expected to details of the experimental environment. Studies of fairness (based
on survey questions) suggest that peoples’ ideas about what is ‘fair’ may be
both clear and very labile, subject to dramatic change in response to how the
issue is presented. (This is particularly clear in the study reported by Yaari and
Bar-Hillel (1984). See also the related work of Kahneman et al. (19864a; b) and
of Bazerman (1985) and Farber and Bazerman (1986).%°) So variations in
experimental procedures may have had unanticipated effects.

were readily available from the working papers circulated by the authors. That this is a good experimental
practice cannot be overemphasised, since the easy availability of data permits just these sorts of
comparisons.

19 However Ochs and Roth (1988) do report consistency across subgames, which could be interpreted as
indirect evidence supporting the subgame perfectness hypothesis with respect to the unobserved preferences.

% In the psychology literature, some ideas concerned with beliefs about fairness have been explored under
the name of ‘equity theory’. The interpretation of various experimental results in this literature is that the
outcome of various kinds of interactions can best be understood as reflecting the common beliefs among the
participants about what constitutes a fair outcome. I think that one of the contributions of the experimental
bargaining results is that they reveal that subjects may possess multiple, different notions of fairness, and
employ them selectively, for strategic purposes. Thus, for example, the agreements reported in the binary
lottery games of Roth and Murnighan (1982) had modes at both the equal probability and the equal
expected value agreements, and the transcripts of the bargaining reveal that notions of ‘fairness’ were
employed by both bargainers in arguing for their claims. But the bargainer who saw the equal expected value
agreement as ‘fair’ was invariably the one with the smaller ($5) prize, while the player with the larger ($20)
prize was the champion of the fairness of equal division of the lottery tickets.
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Just such effects were revealed in a rather different bargaining environment
in experiments conducted by Hoffman and Spitzer (1982; 1985). In one of the
experiments in their 1982 paper pairs of subjects were asked to agree on how
to divide up to $14, in face to face negotiations. However if no agreement was
reached one of them (the ‘controller’, chosen just before negotiations began by
the toss of a coin) could simply choose an outcome that would give him up to
$12 and the other bargainer nothing. When bargainers negotiated with each
other twice under these conditions, twelve out of twelve agreed to split the
proceeds equally, so that the controller settled for a smaller cash payoff than he
could have obtained unilaterally. In their 1985 paper, Hoffman and Spitzer
report that in similar experiments in which the position of ‘controller’ was
allocated to the winner of a simple game, and in which the instructions to
the participants gave the controller ‘moral authority’ to claim his prize
unilaterally, the frequency of equal splits was reduced.?

Now, we should hesitate to draw too close a parallel between these
differences in outcomes caused by differences in experimental environments
and those that may have occurred in other experiments, because there is reason
to believe that face to face negotiations for relatively small prizes may be a
rather special situation. In particular, face to face interactions call into play all
of the social training we are endowed with, and may make it unusually difficult
to control preferences. (Ask yourself if you would agree to be very rude to the
next stranger you meet at a party if I offer to pay you $5.) There is now a small
body of comparable experiments that make it possible to begin to assess how
results of face to face negotiations may differ from results obtained in more
anonymous laboratory negotiations. Such comparisons will allow us to assess
some of the potential sensitivity of reported results to experimental procedures.

First, it seems that the frequency of disagreement is sharply less in face to face
negotiations than in anonymous negotiations concerning comparable prizes.
Aside from the general results of the experiments cited above to this effect
(which involve comparisons which must be treated cautiously, since they
involve other differences than whether bargaining was face to face), a reduced
frequency of disagreement in face to face bargaining is reported by Radner and
Schotter (1987), who report a ‘within experiment’ comparison involving just
this variable.?? Regarding the frequency of equal divisions when one of the
bargainers has an ‘outside option’ worth more than half the total proceeds,
Binmore et al. (19885) report an experiment roughly parallel to that of
Hoffman and Spitzer (1982) but involving anonymous negotiations, and find
a preponderance of proposals that give the player with the outside option as
much as he could have got unilaterally. And in another pair of closely parallel
experiments Roth and Malouf (1982) report fewer equal splits in anonymous

%1 For some related results which look at other variations in experimental procedures, see Harrison and
McKee (1985). For a subsequent experiment on a somewhat more complicated environment (related to the
one explored by Plott (1983)), see Harrison et al. {1987).

22 Radner and Schotter’s experiment concerns the efficiency of bargaining between a buyer and seller
neither of whom know the other’s reservation price. For some related experiments concerning bargaining
with incomplete information, see Hogatt et al. (1978) and Forsythe et al. (1987).
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bargaining than are observed by Nydegger and Owen (1975) in face to face
bargaining. Again, ‘between experiment’ comparisons have to be treated with
caution. But they give us a strong indication that the difference between face
to face and anonymous interaction that has been reliably reported in multi-
person negotiations (see e.g. Murnighan, 1985) is also liable to account for
significant differences among experiments of the kinds considered here.

As I have indicated, my own suspicion is that these differences in results are
due to the fact that bargainers’ incentives in the more social, face to face
environment may correspond less closely to their monetary payoffs than when
bargaining is anonymous. However this is not the only possible explanation.
Face to face bargaining also allows many more channels of communication
(e.g. tone of voice and facial expression) than does anonymous bargaining
in which subjects may be restricted to written messages, and perhaps
the differences are due to this. The difference between these two hypotheses
could be important, for example in judging the claim that some of the face
to face evidence should be seen as supporting policy implications of the
Coase Theorem (Coase, 1960), which rest on the presumed efficiency of
bargaining.?®

In conclusion, the evidence to date suggests that bargaining is a complex
social phenomenon, so that special care must be taken in designing and
interpreting bargaining experiments. In addition to refining theories of
bargaining stated in terms of abstract preferences, the evidence suggests that it
will be worth investigating what (non-monetary) motivations may be
engendered by bargaining itself. The extent to which such non-monetary
motivations would remain important if the bargaining concerned much larger
payofls is of course also an open question, but I see no obvious reason to jump
to the conclusion that some of the very consistent patterns of behaviour
discussed in this section would disappear as the stakes become large,
particularly when they become large for both bargainers. Also, there is
evidence that the ‘social’ aspects of bargaining involve more than just the
incentives of the players, but also their expectations and their ability to
coordinate with one another.?* Finally, this conclusion need not be ‘bad news’
for the prospect of developing more descriptive theories of bargaining: the very
regularity of the behaviour, and the fact that bargainers often appear to be able

23 If the absence of disagreement is due to the lack of control of subjects’ incentives, we might suspect it
would diminish as the monetary consequences become larger. But if it is due to having many channels of
communication, then we might investigate whether similarly effective channels might be available to
bargainers in situations of the sort to which the Coase Theorem is typically thought to apply. Thus the
experimental results suggest some different directions to investigate the efficiency assumption of the Coase
Theorem than those which have surfaced from other considerations (see e.g. Farrell, 1987).

24 Roth et al. (1981) show that strategically equivalent games can produce different results, and argue that
this may be due to the existence of social conventions which contribute to determining the credibility of
different bargaining positions, and which (thus) help bargainers coordinate their expectations. (Roth and
Schoumaker (1983) report an experiment which manipulates the expectations of the bargainers, and
provides some indirect support for this view.) To the extent that bargaining involves elements of
coordination, a better understanding of the problems of pure coordination will likely be of help in developing
theories of bargaining. In this regard I have been glad to notice a number of recent experiments concerned
with coordination, such as Cooper et al. (1987), Ochs (1988), and Van Huyck ¢t al. (1987).
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to anticipate it and turn it to strategic use, suggest that theorists should also be
able to do so.

II. FREE RIDERS, AND PERPLEXED PRISONERS

This section is in part a story of a dog that didn’t bark, at least not initially, or
at least not as loudly as might have been expected. It concerns two closely
related problems, both of which have captured the imaginations of theorists
and experimenters. Both the free rider problem and the prisoner’s dilemma
concern the potential difficulties in achieving gains from cooperation when
those gains must be allocated in a fixed way. For both problems, there were
theoretical formulations predicting that virtually none of such potential gains
could be achieved, and different opinions about how real this predicted
predicament was. Early experiments concerned with both problems did not
observe the phenomenon, at least not in its severest form, and later experiments
did, at least to a degree.

Curiously, the experimental literatures concerned with the two problems
seldom refer to each other. Although my discussion of both literatures will be
necessarily brief, I hope that some of the parallels between them will become
apparent.

11.1 The Free Rider Problem

The free rider problem in the provision of public goods was noted in connection
with the debate among nineteenth century economists about whether taxation
for public goods should be related to the benefit each agent derived from those
goods. The nature of a public good is that once it has been created everyone
may use it, and so if each individual is to be taxed in proportion to the profit
he derives from the public good, there will be an incentive for individuals to
claim that these profits are small, since small contributors will derive the same
benefit from the good as if they had been large contributors. The potential for
under-contribution to a public good is particularly clear when contributions
are voluntary. (American listeners to National Public Radio will immediately
recognise the problem.)

The first clear formulation of the free rider problem is generally attributed
to an essay written at the end of the last century by the Swedish economist
Knut Wicksell, who also anticipated the direction of much subsequent
theoretical research by suggesting that the mechanism by which public projects
were decided upon would be important. (He suggested that a way to deal with
the problem would be to require that proposals for public projects be
considered together with proposals to raise the necessary revenue, and that the
whole package should be subject to [close to] unanimous approval.) For
references and an introduction to much of the subsequent theory focusing on
the role of the decision mechanism, see Green and Laffont (1979).

Because it is readily apparent that some more-or-less public goods are in fact
produced even though they depend on voluntary contributions, the focus of
debate shifted both to assessing how serious the free rider problem might be,

34-2
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and what circumstances or mechanisms might ameliorate it. So at the same
time as a good deal of theoretical progress was being made in ‘solving’ the free
rider problem (e.g. Groves and Ledyard, 1977), skepticism was being voiced
about the importance of the problem and the quality of the empirical evidence
in support of it (e.g. Johansen, 1977). Since it is difficult to collect field data to
determine, for example, how close to the optimum amount of some public good
is being supplied, this problem presented a natural opportunity for laboratory
experiments. In addition, since some of the mechanisms proposed for solving or
ameliorating the free rider problem had no counterpart in existing institutions,
some of the questions that presented themselves could not be addressed except
by experimentation.

The experiment of Bohm (1972) was sponsored by the Swedish Radio-TV
broadcasting company. A sample of adult residents of Stockholm was invited
to come to the broadcasting company for an interview, and asked to state how
much (of their interview fee) it would be worth to them to see a half-hour
programme by two well known comedians. They were told they would see the
programme only if the sum of the amounts stated (by their group and others)
exceeded the cost of showing it. The experimental variable consisted of five
different rules for how they would in fact be charged on the basis of their stated
amounts, ranging from the full amount, to some percentage of that amount, to
a lottery related to the amount, to a small fixed fee, to nothing.

The responses of the different groups of subjects given these different
instructions were found not to vary significantly. Bohm argues that the first
payment mechanism (everyone pays their stated amount) gives no incentive to
overstate willingness to pay, and the last (no actual payment required) gives no
incentive to understate willingness to pay, so the similarity of the responses
under the two conditions suggests there may not in fact be much of a practical
problem in estimating people’s demands for a public good.? In short, these
results suggest that free riding may not be a big problem:.

Several other experiments employed what I will loosely call the same general
design, of presenting subjects with some public good whose value to them was
unknown to the experimenter, and comparing the results of different methods
of eliciting their willingness to pay. Sweeney (1973) considered the willingness
of subjects to power an electric light by pedalling an exercise bicycle (free
‘riding’ indeed), and found that this responded to whether they perceived
themselves as being in a small or large group (a perception he manipulated by
controlling the brightness of the light with a rheostat). The public good was
whether they would all receive credit for participating in the experiment,
which depended on how brightly the light remained lit. Scherr and Babb
(1975) compare voluntary contributions with those elicited in pricing schemes
proposed for public goods by Clarke (1971) and by Loehman and Whinston
(1972), and found no significant differences in the amount of public goods (in

% However he notes that a sixth group of’ subjects who were asked in a purely hypothetical way how much
such a programme would be worth to them gave significantly different responses from the other five groups.
He says (p. 125) ... this result may be seen as still another reason to doubt the usefulness of responses to
hypothetical questions...’
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this case concert tickets and books donated to the library) provided under the
three schemes. In general, the experiments using this design support the
proposition that at least some public good can be supplied even by voluntary
contribution. But it is much more difficult to interpret how much (if any) free
riding is being observed, since the true value of the public good to each subject
is unknown.

In order not to miss the opportunity to tell a colourful story (in the midst of
so many dry recitals), let me describe one more experiment of this general type,
which was conducted by Schneider and Pommerehne (1981) at the University
of Zurich, and which would be unlikely, I think, to have been permitted at an
American university.?® The subjects for their experiment were a group of
economics students preparing for their comprehensive examinations. Without
knowing that they were the object of an experiment, these students were
approached by a confederate of the experimenters posing as the representative
of a publishing company. She informed them that their professor (who, I
surmise, would write the comprehensive exam) was writing a book on the
subject of the exam which would not be available until after the exam.
However the publishing company was interested in getting feedback on the
book, and for this purpose might be willing to make specimen copies available,
before the exam. (The authors remark that the students ‘had a strong incentive
to try to obtain the book beforehand’.) The students were then told they could
submit written bids of how much they were willing to pay to get an advance
copy, with copies going to the ten highest bidders from both this group and two
others from which bids had already been solicited. After these bids were
collected the two highest bidders were told that they were among the ten
winners. The remaining students were then told that there was another way in
which they could obtain the book before the exam: if together with the two
other groups they could raise SFr.4,200, they would each get a copy. Again,
written bids for the now public good were collected, and the heart of the
analysis is the comparison of the two bids.?” The authors note that the second
bids were less than the first, but not by much.? They conclude (p. 702) that
‘there is only modest evidence for free riding as compared with the importance
attributed to it in the literature’.

A different kind of experimental design, in which the public good is an

% Experiments with human subjects in the United States are now regulated by State and Federal laws
which require that universities maintain review boards to determine in advance that experiments do not
violate certain guidelines. These laws were passed in response to some hair-raising abuses, with notable
contributions from both psychologists and biomedical researchers.

%" However the experiment did not end here. The students were told that they had failed to reach the
required sum, so only the two original high bidders would get the book, although the offer would remain
(p. 696) ‘open for a few days should the students still want to try to bring the money together’. The (now
surely desperate?) students were then presented with a third scheme, in which they were told essentially that
any bids they submitted would be sufficient. These bids provided a third comparison, and while they were
significantly less than the previous two bids, they were significantly greater than the minimum bid required
to be included among those who would (supposedly) receive the books before the exam. (Unfortunately we
do not learn how the students did on the exam, or if their bids were good predictors of their grades...)

%8 There are some complexities in the data, since 10 students bid zero in the first auction, but contributed
positive amounts when the book was offered as a public good. The authors consider the possibility that this
was a result of coalition formation in the auction.
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artificial one, makes it possible to employ an experimental strategy of trying to
control each subject’s value for the good, rather than trying to measure it. The
idea is that if the experimenter assigns to each agent a payment depending on
the quantity of the public good, then so long as the public good is not one which
itself induces strong preferences among the agents, their preferences can be
equated with their monetary payoffs.?’ In this way the payments of the agents
for the public good and the amount of public good provided under a given
decision mechanism can be compared not only with the amounts under
another decision mechanism, but also with a priori notions about the optimal
amount, such as the Lindhal equilibrium.

Smith (19794, b; 1980) reports three such experiments.®® In the first, he
compared a version of a mechanism proposed by Groves and Ledyard (1977),
designed to eliminate incentives to free ride by disentangling the price each
agent pays from the price he states, with a procedure in which each agent pays
his stated willingness to pay. Both procedures were implemented in an iterative
manner which allowed agents to revise their statements in light of those of the
others. Smith observed that, under some settings of the experimental
parameters determining agents’ demands, the Groves-Ledyard mechanism
resulted in decisions at the Lindhal equilibrium while the other mechanism
exhibited substantial free riding, sometimes to the point that no public good
was produced. A third iterative mechanism was then investigated, which Smith
(1979a) called the Auction mechanism, and which incorporates the features
suggested by Wicksell, in that the quantity of the public good and the amount
to be contributed by each agent must be unanimously agreed to before the
agreement is effective. (In the absence of agreement, no public good is
produced.) The theoretical properties of this mechanism are somewhat unclear
since it has many Nash equilibria. However under this mechanism too, Lindhal
prices and quantities were observed to be good predictors for the market
parameters considered.

In the light of these results, Smith suggests that the results of Bohm’s (1971)
experiment might be reinterpreted, since the mechanism he considered to have
the most probability of producing free riding (everyone pays their stated
amount) resembled the auction mechanism in the sense that if too much free
riding took place, no public good would be produced. That is, Smith suggests
that the similarity of the bids in all of Bohm’s procedures may merely reflect
that the situation he considered (inadvertently) gave subjects good incentives
not to free ride, because of the fear that no public good would be provided. In
this spirit, Smith (19795) reports an experiment designed to determine which
aspects of the Auction mechanism may have contributed to its apparent
success. He compares the auction mechanism, in which agents propose both a

2% However, Palfrey and Rosenthal (1987) speculate that in a number of these experiments the monetary
payofis cannot simply be taken as equivalent to the utility of the agents, because there may be an unobserved
“altruistic’ component to agents’ preferences. They go on to study the effect that this could have in a strategic
situation in which being able to estimate how much others will contribute is important.

30 Another interesting experiment using this general design is that of Ferejohn et al. (1979). They examined
a public goods provision mechanism abstracted from one used by station managers in the (American) Public
Broadcasting Service to decide on what shows to purchase collectively.
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contribution and a quantity of the public good, with a ‘Free Rider Mechanism’
in which each agent simply states his contribution and the quantity of the
public good is whatever the summed contributions will buy. (A mechanism
intermediate between the two was also considered.) All mechanisms were
implemented with a unanimity rule that gave agents a chance to examine (and
accept or reject) the outcome before it was implemented. Although the Auction
mechanism provided an amount of the public good nearer to the Lindahl
quantity than the other mechanisms when it reached agreement, its frequency
of agreement was sufficiently less than that of the other two mechanisms to
make the overall quantity of public good similar under all mechanisms. Smith
concludes by noting that under none of the mechanisms was a very strong free
rider effect observed, and conjectures that this may be due to the rule of
unanimous approval.

While the variable of primary concern in these experiments was the decision
mechanism, in the design of an experiment of this complexity it is clear that
many essentially arbitrary choices have to be made, and are held constant over
the course of the experiment. Smith (1980) reports a subsequent examination
of the Auction mechanism with different functions assigning subjects’ values to
the public good (and allowing for income effects). In these markets, a
substantial amount of free riding was observed. So these results suggest it may
be fruitful to study the way decision mechanisms interact with demand
parameters for public goods.

Of course, different theoretical dispositions suggest different regularities in
the data. For example Smith (1980) reports in connection with his experiment
that (p. 597) ‘On average subjects contribute approximately one-half their
endowments to the public good and retain one-half for private use.” Marwell
and Ames (1981), drawing primarily on a series of their own studies that also
use a controlled, artificial public good, suggest that this may be an important
kind of regularity. They noted that previous studies examined fairly small
groups (mostly of fewer than ten individuals), and conducted a study in which
both small and large groups could be examined. In a series of studies in which
subjects were mostly high school students, subjects were told that they were
part of a group, and that each member of the group had an endowment of
tokens to invest in either a public or private good. The public good had the
higher return, but its proceeds were distributed equally to all group members.
Over a number of conditions, Marwell and Ames report that on average the
percentage of resources invested in the public good was surprisingly regular, in
the range of 40 to 609,, with some indication of a decrease when the stakes
were raised.®’ Among the few exceptions they noted was that a group of first
semester economics graduate students only invested 209, in the public good,
leading them to suggest that economists may be different from everyone else
(and hence the title of their paper).3?

3 One feature of the procedures in this study which differed from the studies so far discussed is that
subjects knew they would be required to explain their decisions to the experimenter (cf p. 297).

32 However they attribute this to selection rather than training, noting that few of the economics graduate
students ‘could specifically identify the theory on which this study was based’. In view of the fact that there
were other obvious differences between the subject pools (e.g. graduate students versus high school students),
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The remaining experiments I will discuss differ from these previous ones in
that they investigate how some of these mechanisms behave when they are used
repeatedly, instead of just once. Thus each of these experiments, by Kim and
Walker (1984), Isaac et al. (1985) and Banks et al. (1988) give subjects the
chance to gain some experience with how the mechanisms work.

Isaac et al. seek to show that the free rider problem is alive and well, by
examining a mechanism already suspected of being favourable to free riding
and letting repetition have what effect it would. The mechanism chosen was
that of direct contribution: each agent stated his contribution, and the amount
of public good the summed contributions would buy was produced. (There was
no requirement that the allocation be unanimously approved.) After all agents
were informed of how much public good had been produced, and had
computed their payoff for that period, the process was repeated, with the same
individuals and the same demand parameters. The results from a number of
trials involving groups of ten subjects were that positive levels of the public
good were produced in initial periods, but by around the fifth period these
levels declined to near zero. The authors write ‘... our results unambiguously
demonstrate the existence of the under-provision of public goods and related
“free riding”” phenomenon and thereby discredit the claims of those who assert
as a general proposition that the phenomenon does not or cannot exist.’ (They
also note in reply to Marwell and Ames [who are sociologists] that their
experiment included a group of undergraduate sociology students as well as
groups of undergraduate economics students, and no differences were
found.)

Kim and Walker (1984) report a similarly motivated experiment with
similar results, using a much larger (simulated) group size. In their experiment
subjects were instructed that they were part of a group of 100, and given a
payoff table indicating how much each would be paid as a function of the total
contributions made that day to a ‘common fund’. (For example, if the fund
received $100 [e.g. from §1 per person], each person would be paid $2.) Each
day each subject phoned in his contribution, and had his earnings for the day
delivered to him that evening.?® The results of the experiment, like that of
Isaac et al., were that positive initial contributions sharply diminished in
succeeding days, so that substantial free riding was observed.

That results from repeated trials may differ from those in a single trial was
confirmed by Banks ¢t al. (1988), who examined both the direct contribution
mechanism and Smith’s auction mechanism, both with and without the rule of
unanimous consent. Although they observed that the auction mechanisms
outperformed the direct contribution mechanisms as producers of the public
good, they found that the unanimity rule decreased efficiency in the repeated

I suspect that the authors do not take this result as seriously as some of the other they report. However the
point that different subject pools may behave differently is always a matter of potential concern, and one
which can be addressed empirically. See sections III and V on this point.

33 Since in fact there were only 5 subjects, payoffs were based on calculating the total contributions to the
fund as if each subject represented 20, with some modifications designed to conceal from the subjects how
few of them there were.
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setting. They note that (p. g19) ‘This result is directly counter to expectations
formed from data and conjectures found in the literature’. They also found that
efficiency decreased over time, suggesting that more free riding occurs with
increased experience with these mechanisms. They conclude ‘A more reliable
process must be found before we proceed with an application at the practical/
political level of analysis’.

In summary, the experiments discussed here began with studies of one-shot
decisions about various kinds of public goods, in which different decision
mechanisms were compared. These experiments often reported little or no free
riding. These were followed by experiments in which the public good was
artificial; and therefore more easily controllable. These experiments began to
detect some degree of free riding, and differences among mechanisms and
environments. The most recent experiments introduced repetition, and
reported results at odds with the experiments preceding them. Since the
theoretical properties of these mechanisms under repeated play are not well
understood, it would be premature to attribute these results confidently merely
to increased experience with the mechanisms.>* So the experimental results
suggest a further theoretical agenda, as well as a continued experimental
examination of other mechanisms. In the course of these experiments, the
debate has thus shifted from whether free riding occurs, to how much and
under what conditions it occurs, to what mechanisms and environments may
be most vulnerable and most invulnerable to its effects. At this stage there still
remains a considerable gap between the experimental results and the various
related questions about the free rider problem in natural environments. (But,
as we will see in Section IIL.1 in connection with a different problem, such gaps
between experimental and field data need not remain unbridgeable.)

I1.2 The Prisoner’s Dilemma

The now famous story which gives the prisoner’s dilemma its name was
apparently first told by A. W. Tucker (1950).%® He referred to a game we can
represent by the following matrix, with 6 >a > ¢ > d.

confess not confess
confess (¢, ¢) (b, d)
not confess (d, b) (a, a)

The ‘dilemma’, of course is that it is a dominant strategy for each prisoner to
confess, since ¢ > d and b > a, but that both of them would be better off if
neither confessed, since a > ¢. So the only equilibrium of this game is the
dominant strategy equilibrium at which both prisoners confess and each
receives the (non Pareto optimal) payoff of ¢.

The observation that equilibria could be inefficient did not strike game-
theorists as odd (always assuming, of course, that the situation facing the

3 But see Isaac et al. (1984) who observe some related results in a design that helps separate experience
from repetition among a fixed group.

% See Straffin (1980) who arranged for Tucker’s 1950 note to be published, and recounts a bit of its
history.
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players, and their preferences over the outcomes, are accurately modelled by
the above matrix), rather it served to emphasise the usefulness of being able to
write binding contracts. However to many social scientists this conclusion
seemed to represent an error in analysis, their feeling being that when players
properly understood the game, they would choose to cooperate with one
another and not confess.

A related observation, however, struck (even) game theorists as symptomatic
of problems with the notion of equilibrium. If a prisoner’s dilemma game is
repeated finitely many times, say 100, and if the payoffs to the players are the
sum of their payoffs in each game, then it can be seen by backwards induction
starting from the last period that no equilibrium of the game yields cooperation
at any period.*® Not only did this seem contrary to intuition, it was also
disturbing to note that the equilibrium prediction was unchanged no matter
how many times the game was repeated. So even as the number of repetitions
increases, the finitely repeated game does not approach the infinitely repeated
game (or the game played in continuous time) in which cooperation is an
equilibrium behaviour. For these reasons the finitely repeated game received
special note in the game theory literature.

The prisoner’s dilemma has motivated literally hundreds of experiments,
and so I will not even attempt to review them individually. (Representative
examples from economics and psychology are Lave (1962) and Rapoport and
Chammah (1965).) Typical experiments concerning the one-period game
reported a level of cooperation which responded readily to various kinds of
experimental manipulation but which was bounded well away from either zero
or one hundred percent. A number of experiments were conducted to isolate
various factors®” contributing to the level of cooperation.

However, many experiments which were analysed as one-period games were
in fact conducted on various kinds of repeated games, using rules that made it
difficult to determine precisely what the equilibria were. In a paper about
designing prisoner’s dilemma experiments Roth and Murnighan (1978)
wrote

It is often contended in the literature that if subjects are not informed of

the number of periods to be played, the resulting game yields the same

equilibria as the infinite game, since no period is known to be the last.

However, this is a considerable oversimplification. Since it is apparent that

the game must eventually terminate, subjects must form subjective

probabilities greater than zero that a given period might be the last.

Although such probabilities have neither been observed nor controlled by

experimenters, we shall see that they play a critical role in determining the

nature of equilibrium outcomes.
The papers goes on to derive the conditions for equilibrium in the repeated
game with a fixed probability p of continuing after each play: cooperation can

36 The argument is that any strategy which calls for cooperation on the last period is dominated, and so
we can reduce the problem to the g9 period game, and so on. Note that unremitting non-cooperation remains
an equilibrium strategy in the repeated game even though it is no longer a dominant strategy.

37 From payoffs and number of trials to personality differences: see e.g. Lave (1965) and Terhune
(1968).
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be achieved at equilibrium only if the probability of continuing is sufficiently
large.?®

A pilot experiment was then conducted, in large part to show that the design
was feasible.?® The payoff matrix was chosen so that cooperation was consistent
with equilibrium if and only if p > 1, and subjects played three games, with
probabilities of continuing of o'1, 0'5, and o'g. (Half the players played in that
order, half the players in the opposite order.) The results of the experiment
were that significantly more cooperative choices were made in the two higher
probability conditions (in which these are equilibrium choices) than in the low
probability condition. However even in the high probability condition, only
36 9, of first period choices were cooperative. So the results remain equivocal.

Similarly equivocal results seem to be typical. A recent experiment, whose
results help crystallise a lot of what I think has (in retrospect) been observed
piecemeal in previous experiments, is reported by Selten and Stoecker (1986).
In their experiment, subjects played 25 ‘supergames’, each of which was a (ten-
period) repeated prisoner’s dilemma.*® So this experiment looked at repeated
play of the repeated game, and thus gave subjects the opportunity to gain
experience with the ten-period game.

By far the most common pattern of observed play was initial periods of
mutual cooperation (at least 4), followed by an initial defection, followed by
noncooperation in the remaining periods. After about round 16 almost all of
the plays exhibit this pattern in each round. (A round is a play of the
supergame, i.e. round 22 is the 22nd repetition of the ten-period repeated
game.) Even more common is the pattern of ‘end-effect play’, which the
authors define to be at least 4 consecutive rounds of mutual cooperation (not
necessarily starting from period 1), with no further cooperation following the
first defection. (Notice that this pattern includes the previous one.)

The most striking result concerns the progress in the observed (and
‘intended’) period of first defection. Having learned to cooperate, players start
to defect earlier and earlier in subsequent supergames —i.e. the cooperation
starts to unravel from the end.*!

The paper then develops a learning theory model in which each player is

38 Cooperation can be achieved by some equilibrium if and only if p > (b—a)/(b—c), and it can be
achieved ‘easily’, i.e. by the ‘tit for tat’ strategy of first cooperating and then doing whatever the other player
did in the previous period, if and only if p > (b—a)/(a—d) also.

39 Subjects played against a programmed strategy (without knowing what it was). In fact the
programmed opponent always played the ‘tit for tat’ strategy. And the players’ incentives were only loosely
controlled. Note that, since the equilibrium calculations depend on expected values, it would have been
necessary to control for expected utility, not just ordinal utility, in order to do a proper job of controlling the
equilibrium predictions. The experimental tools for doing that (via binary lottery games, as discussed in
Section I.1) were not introduced until Roth and Malouf (1979).

40 The payoffs were b = 1-45 German marks, a = 0'6, ¢ = 01, and d = o0'5. The choices were phrased as
setting a high price (cooperation) or a low price. (For early discussions of the prisoner’s dilemma as a model
for cooperation among oligopolists, see Shubik (1955). An early experiment on collusion among several
oligopolists that refers to the prisoner’s dilemma as such a model is Dolbear, Lave, Bowman, Lieberman,
Prescott, Rueter, and Sherman (1968). [I have always suspected that so many authors may indicate a
predisposition to collusion...])

41 The authors caution, however (p. 54), ‘Even if it is very clear from the data that there is a tendency
of the end-effect to shift to earlier periods, it is not clear whether in a much longer sequence of supergames
this trend would continue until finally cooperation is completely eliminated’.
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represented by the period in which he intends to defect, and updates this, via
three probabilities, depending on whether he defects first, simultaneously, or
last. Steady state probability distributions are computed for various parameter
configurations: it appears that in the typical stable distribution, cooperation
either breaks down very early or very late. Monte-Carlo simulations based on
parameters estimated for each subject based on the first 20 rounds are then
made for the pairings in the last 5 rounds. Like the observed behaviour, these
predictions have cooperation unravelling from round 20 to round 25.

I think it is fair to summarise these observations as follows: in the initial
rounds players learned to cooperate (and consequently exhibited more periods
of mutual cooperation starting from the very beginning and breaking down
only near the end). In the later rounds, players learned about the dangers of
not defecting first, and cooperation began to unravel. There is a sense in which
this observed behaviour mirrors the game-theoretic observation that the
equilibrium recommendation is not a good one, but that all other patterns of
play are unstable.

These observations are consistent with many earlier observations of finitely
repeated games in which cooperation is observed for some periods, but breaks
down near the end. A number of new theories have been motivated by such
experimental observations. For example Kreps et al. (1982) propose a model in
which players may entertain certain slight doubts about the nature of their
opponent, and observe that at equilibrium there will be cooperation until near
the end.*?

In summary, as in the case of experiments concerned with the free rider
problem, interest over the course of many experiments has shifted from the one-
time game to the repeated game. The theory for the repeated case is further
developed for the prisoner’s dilemma than for the free rider problem, and the
contemporary discussion proceeds on both theoretical and experimental
lines.

I11.3 Experiments versus Simulations: A Methodological Digression

Let me digress to note that one still encounters in some quarters a distressing
tendency to confuse computer simulations, and the kinds of investigations one
can do with them, with experiments involving the observation of real people in
controlled environments. Selten and Stoecker’s use of both technologies makes
the distinction clear. Computer simulations are useful for creating and
exploring theoretical models, while experiments are useful for observing
behaviour.

Perhaps the distinction can be made most clearly by considering an
interesting set of computer simulations that have an unusually experimental
flavour, and are reported in Axelrod (1980a,b; 1984). These have their origin
in a pair of computer ‘tournaments’. In the first of these, the author invited

42 Other theoretical attempts have been directed at changing the notion of equilibrium entirely (see e.g.
Rosenthal, 1980), or at studying closely related problems, see e.g. Selten’s (1978) chain store paradox and
the papers by Kreps and Wilson (1982) and Milgrom and Roberts (1982). An experimental study motivated
in turn by this literature is reported in Camerer and Weigelt (1988).
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fourteen scholars in several disciplines who had written on the prisoner’s
dilemma to submit short computer programs encoding a strategy to play the
repeated game. Each of the programs played each of the others, as well as a
copy of itself and a program which generated random choices, in a 200 play
repeated prisoner’s dilemma. The strategy with the highest cumulative score
was ‘tit for tat’, which starts with cooperation and then echoes the other
program’s previous move. It and all of the other highest scoring rules were
‘nice’ in the sense that they never defected first."®> Some programs got into
sequences of alternating moves with ‘tit for tat’, with one program defecting on
the odd numbered moves and cooperating on the even number moves and tit
for tat doing the opposite, which for the parameters used in the tournament was
not nearly as profitable as steady cooperation.** This is a pattern you might
expect humans would be able to avoid, although it is easy to see how short
computer programs could fall into it.

Axelrod (1980b) presented a second round of the tournament, with new
entries, in which the game was repeated with a fixed probability of continuation
after each round (with p = 0'9g, so that now cooperation is an equilibrium
strategy), as discussed above in connection with Roth and Murnighan (1978).
Again, ‘tit for tat’ was the winner. Some simulations of different possible
tournaments were presented to show that there are some senses in which this
result is robust, but other results were reported to show that this is not an
entirely simple matter: (p. 402) ‘... had only the entries which actually ranked
in the top half been present, then TIT FOR TAT would have come in fourth
after the ones which actually came in 25th, 16th, and 8th’.

These computer tournaments thus suggest that behaviour will eventually
converge to cooperation. This conclusion is at odds with experimental results
such as Selten and Stoecker’s. I suspect that the difference in results has a great
deal to do with the difference between computer simulations and actual
experiments. While the computer simulations which produce this result were
conducted with an element of experimental flavour that is missing from
conventional computer simulations (in that tournament entries were solicited
from others),* experiments with human subjects introduce a certain amount of
open-ended complexity in the form of human behaviour, that is absent from a
tournament in which individuals are represented by short (or even moderately
long) computer programs.

III. THE WINNER’S CURSE, AND OTHER AUCTION PHENOMENA
I11.1 The Winner’s Curse

My topic in this section is in some ways the reverse of the one in section II.1.
Instead of discussing a theoretical prediction that seemed difficult to investigate

3 It turns out that there were two ‘kingmakers’, i.e. two programs which largely determined how the
other programs did.

44 Of course the results are also sensitive to the payoff matrix, which in this tournament had payoffs of
b=15,a=3,¢=1,and d = o, so that this kind of alternation gives up a half point each period in comparison
to steady cooperation.

4 One virtue of this, which it shares with experimental work, is to open up the process to ideas that might
not have occurred to a single investigator designing a conventional computer simulation.
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