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Social dilenmmas, n-person prisoner dilemmas, and free-rider/public
goods dilemmas share a common set of concerns. They generally point to
settings in which markets fail and in which governments play an inportant
role. These variously naned "dilemmas" share a common theoretical
structure and a common conclusion. At heart such_settings are
non- cooperative, whereby individuals cannotg strike bargains'over whi ch
bi ndi ng agreements can be made to resolve conflict. As well, in each
setting a strategy exists which is pareto superior to the Nash dom nant
strategy. Taken in conbination, participants in such dilemmas have
incentives to select the Nash dominant strategy which results in either the
commons being destroyed or the public good not being provided. Such a-
result variously has been used as a call for a centralized (governnent)
authority to step in and restructure the outcone (see Ostrom 1986 for a
review and critique of this view).

Al though many lament the inexorable destructibn of the "comons"
brought about by the:structure of .social dilemmas, a grow ng body of
enpirical evidence indicates that many "comons” nay flourish (Ostrom
1985). This raises a fundamental question as to how can a "commns"
survive or the public good be provided? Qoviously, few natural settings
mrror the stringent conditions contained in theoretical nodels of'éocrw
dilemmas or public goods settings. Instead, a variety of additional
conponents may intrude on such deci sion processes, |eading away fromthe
destruction of the comons. Ostrom catal ogues several features which m ght
deflect the destruction of a conmons ranging from historical patterns of
shared behavior to specific rules defining appropriate strategic behavior

to control over the flow of information about the commons.
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In this paper we tackle a single attribute, the lexel of informatfon
available to participants in an n-person repeated-play prisoner's dilenna;
and specul ate whether such a condition is either necessary or sufficient to
prevent the destruction of a commons. CQur major concern is whether

changing the levels of information participahts use to monitor the behavior

of others in a social dilenm affects their strategic choices. W
anticipate that when individuals have full information as to the past
behavi or of others they chose a strategy that is domnated by a pareto
inferior Nash equilibrium In this paper we discuss several related
streans of research that have arisen over the past decade on repeated-play
n-person prisoner dilemma games. Next we discuss several conjectures about
the role that monitoring plays in non-cooperative repeated-play n-person
prfsoner di lenma ganes. Finally we use a laboratory experinmental setting

to test these conjectures.

Literature

The literature on social dilemmas and pﬁblic goods probl ems has not
QLLECtVV addressed the role that information about past contributions plays
for enhancing cooperative behavior. Nonetheless, there are three streans
of literature that touch on ways in which differences in levels of
information work to increase contributions to the public good. The first
points to face-to-face conmunication as a device that enhances public good
contributions (lsaac et al., 1985; Van de Kragt et al., 1983, Dawes,
MTavi sh and Shakl ee, 1977; Brechner, 1977; Edney and Harper, 1978a and
1978b). Exactly how communication works to fnduce these changes is not
clear. Messick and Brewer, 1983, suggest that comrunication creates at

belief that others are committed to cooperative choice, noral suasion, and




group identity and cohesion. The first two of these pressures are |inked

e

with concepts that rely on past behavior in order to predict future

interactions. In order to conformor to have beliefs about commtnents,
one nust have in depth information about past behavior and nust be able to
continual ly update that information.

A second literature points to the "visibility" of public goods as a
means of increasing group contributions. This is done in two ways: first
by exam ni ng __ aggregate and

pa———g

second, by investigating information about individual |evels of

contribution to the public good. Mich of this discussion has taken place
in the context of replenishable resource traps in which resources (public
goods) change with respect to time and to the "harvesting" strategies made
by individuals within the group. Exanples of such traps include water or
energy conservation settings. In this context, visibility means whether or
not individuals can see the resource levels after harvesting (Cass and
Edney, 1978). Enpirically, when individuals see the resource |evels they
cone closer to mairntaining an optimal level of the public good than when
they cannot nonitor those levels. Again, this is related to information
about past decisions —at |east at an aggregate level. In the public goods
literature, this aggregate level of information is routinely inéorporated
into research designs (See for example, Isaac et al., 1985; Isaac et al,
1984). Individuals are inforned about the group's past decisions prior to
the present decision. In this decision environment, a characteristic
decision or contribution pattern emerges: although contributions contain
"pul ses”, with replication, "the level of public goods provisions falls"

(Isaac et al., 1985).

Those exami ning resource replenishment traps also tackle the

concept of "visibility" by focusing on characteristics of individua




deci sion makers. Hessick et al. (1983b) argue that know edge about ot her
~individua nenber's choices has conflicting effects on decision making. n
the one hand, learning that individuals are acting cooperatively may
i ncrease cohfornity pressures; on the other hand, it may diffuse
individual s' contributions to the group. Jerdee and Rosen (1974) find that
introducing a defector increases defecting strategies by others. Mssick et
al., 1983a and Samuel son et al., 1984 exam ne how ot her group nenbers'
past decisions and the honogeneity of group menbers' harvests affect. an
individual's strategies. Their results indicate that individuals respond
to others' overuse of the resource by harvesting | ess. Their genera
findi ngs, however, are culture-bound, éince a large variance in harvesting
weakens cooperation among United States participants but not for
participants in the Netherlands.

Athird literature, largely theoretical stemmng from n-person
repeat ed-pl ay prisoner dilemma ganmes, focuses on the use of information
about the state of a public good in order to signal strategies to others.
Wiat stands out in this literature is the possibility of achieving
cooperation in a setting in which coordination is not possi bl e. Radner
(1981; 1986) contends that participants in such settings can formlong-term
agreenents by signalling their intenfion to punish others if they defect
fromt he agreenent. Likesze Lewi s and Cowens (1982) point to the
i nportance of knowi ng the harvest |evels of others in order to know when to
abandon a strategy of cooperation. As such, know ng information about
other's harvesting levels, allows individuals to signal their intention to
overharvest a common resource if there are deviations fromestablished
harvesting levels. Mich of this literature has focused on the use of
information as a threat, while ignoring how variable |evels of infornation

nay be and what that neans for the ability to either nonitor other's



strategies and to signal one's own strategy.

Conceptual  Framewor k

It has been argued that conflicting research conclusions in the area of
public good have resulted from inprecise specification and
operationalization of economc theory (see Kimand Walker, 1984).
Consequently, we want to clearly specify both the type of public good we
consider and the scope conditions involved. The public good investigated
Is characterized by: 1) nonrivalness of consunption (the consunption of one
individual is unaffected by the consunption of another), 2) a constant
increase with respect to contributions (for exanple, no provision point is
involved), and 3) divisibility (that is individuals can individually
consune their portion of the good, see Al fano and Marwell, 1981). The
situation we examne is consistent with a nunber of repeated-play public
goods games: no face to face commnication is involved (although
i ndividual s know the number of other group members); paynment to individuals
is private and no sidepaynents are possible; and group nembers know the
decision process occurs over a fixed time period with a known end point.

W examne three levels of information regarding other menbers'
contributions: no information; information about the aggregate |evel of
contribution; and full information regarding each individual nenber's
contribution. When group menbers are given no information about
contribution levels, they are unable to nonitor any behavior by others. W
regard this situation as equivalent to a series of one-shot decisions. In
this case, knowing that nenbers face a finite series of repeated plays is
of little value since no one can nonitor either individual contribution
strategi es or aggregate group contribUtions. Nei ther, of course, can

signalling take place. In the absence of information about previous levels




of contributions, individuals have no reason to change from whatever
contribution was made in the first period. W thus predict little
variability in individual's. contributions. over time:.. Secondly;. if no
information i's,. indeed, simlar to onejtrne deci'si'ons,. we shoul:d: see
relatively high contributions as most such studies report (See Marwell and:
Ames, 1979; 1980; Alfano and Marwel |, 1981; Nallapati et al., 1987).

Where group nmenbers are given information about aggregate group |evels
of contributions, they are able to inconpletely monitor the.behavior of
others. Wile aggregated information allows some measure of past
contributions, it is, at best a sluggish indicator of individual
strategies. Since any nenmber's contribution constitutes only a snmall
portion of the public good, it is difficult to gauge the effect of any
single individual's change in contribution behavior. If nmembers rely on
monitoring to make adjustments to their contribution decisions, collective
contributions to the public good should slowy change. Extreme shifts in
contributions by a single individual should have little effect on
signalling to othersi However, participants wll respond to those signals |
and as a consequence the variation in period-to-period contributions wll
be greater than where individuals have no information about contribution
levels. Since such a setting is identical to that investigated by |saac et
al., 1984; lsaac et al., 1985 and Isaac and Wal ker, 1988, we have strong
expectations as to group contributions—they begin at a fairly high rate

and decay over tinme.

Where group menbers are given full information about each others' past
contributions, nenbers are able to monitor everyone's behavior and to
signal their own intentions. Follow ng Radner's (1986) formal argument
‘concerning partnership games and nonitoring, we expect that individuals are

provided the "opportunity to use self-enforcing rules of behaviour that
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sustéin efficient decision rules,"” (Radner; 1986:43). If this is the case
individuals will gradually contribute at higher levels than under the other
two cases. However, this also inplies a high amount of variance across
periods in individual contributions. This variance results fromthe very
process of signalling. According to Radner, for exanple, of one

i ndi vi dual s contributions drop, others wll drop as well. In this way,
nmenbers inform each other about the consequences of a particular decision
énd it remains a threat against decreasing contributions. Thus, patterns
of contributions under full information should resenble those that energe

inthe "tit for tat' strategies of sinple prisoner dilemm ganmes.

Experimental Design

The experiments reported here are based on the experimental design
contained in Isaac, \Walker and Thomas (1984). Three distinct experinenta
conditions were investigated which focused on different amounts of
information given to participants about the past contribution levels of
others. These conditions mirror the three cases of information discussed
above —no information; noderate (aggregate) information; and full
information. ~The moderate information experinmental condition replicates
the inexperienced four-person, high marginal per capita return condition
reported in Isaac, Walker and Thomas (1984). Al experinental conditions
reported here had inexperienced four-person groups operating under high
marginal per capita return parameters. \ile the Isaac, \alker and Thomas
experiments were run using the PLATO system all experiments run here were
conducted on a Macintosh Local Area Network devel oped by the second author.

Before beginning an experiment, participants were given a set of
instructions outlining the mechanics behind the experiment. These

instructions were admnistered over each individual's conputer termnal and



were self-paced. At points throughout the instructions participants were
required to answer questions and were corrected if their answer was w ong.
The instructions were short and participants ordinarily took only eight
mnutes to read through them (a copy of these instructions is in AppendiXx
A). Once participants conpleted the instruction set they were informed as
to the paraneters of the experiment. At this point all participants were
told the nunber of periods in which they could invest tokens, how many
tokens they could invest in each period, and how nuch information they
woul d have about the investnents of others. Before begi nning the
experiment, participants were quizzed about each of the salient parameters
and were not allowed to proceed until they understood those features. In
all experinments participants faced 10 distinct investnent periods and were
allotted 30 tokens per period. Moreover, their identities were random zed
bef ore beginning the experiment, so they would not be able to associate the
position of the termnals with particular individuals. Participants were
identified sinply by letter over the conputer nodes.

A participant's task was relatively sinple —to decide how many tokens
to place in a group i nvest ment pool and how many to keep in a private
i nvestnent pool . PriVate investments yielded a }eturn of one cent per
token. On the other hand, group investments had a return of 3.0 cents per
token invested. However, the group investment represented a public good
whereby all four participants shared equally in the return on investnent
no matter what their level of investment in the group pool. This neant that
an individual's effective .marginal return for tokens put into the group
‘i nvest nent pool was .75 cents per invested token. These parameters are
.consistent with those used by Isaac, Walker and Thomas (1984) for their
four-person groups with high returns. In all of the experinents

participants were only told their own valuation for public and private



goods.

Before making an investnent decision, participants were required to
wait two minutes. This rule was inposed so as to force participants to
think about their decision and to ensure they did not rush through the
experiment. AH participants faced a screen simlar to that shown on
Figure 1. Before deciding howto invest tokens, pafticipants were able to
examne the effect of different mxtures of group and individual
investnents for their payoff. Rather than providing a limted subset of
exanpl es about m xes of payoffs, participants were able to study the entire
range of payoffs. The experiments were conducted using Maci nt osh
m croconputers and this tremendously decreased task conplexity for
participants. In order to change mixes of group and individual i nvest ment s
participants only had to use a nmouse to point to a box on the screen and
increase or decrease the number of tokens. The payoffs associated with any
change were t hen displayed with all bookkeeping taken care of by the
conputer. Therefore, in this experinental setting participants never had
to use the keyboard.

| <Figure 1 About Here>

Once the two mnute interval ended between periods, participants were
required to allocate tokens between the group i nvest nent and their own
private investment. Once a division was arrived at, participants were
dbuble checked as to whether this was what they wished to do. If so, their.
allocation was recorded on the local area network. Depending on which
experimental treatment, participants were given informtion as to that
period' s outcome. At the conclusion of the experinent, participants were

paid, in private, their total earnings for the experinent.

Experinental Treatnents.
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In line with the conceptual discussion above, we are concerned with
three distinct treatments. Qur aimin these experinments is to deliberately
constrain the information available for monitoring the behavior of others
in an n-person prisoner's dilema situation. On the one hand we ai m at
limting the amount of information available by ensuring that all
comuni cation is mediated through a conputer system  This means that we
are able to highly constrain the amount of information individuals have
available to them By physically separating participants we have mnim zed
effects that are due to face-to-face discussion and personality
differences. On the other hand, we also intend to limt information in
very distinct ways.

The first treatnment is the sinplest. In this experinental series we
did not give any information to participants fromone period to another. At
the outset of the experiment participants are informed that they will not
know how many tokens are contributed to the group, nor WWI they know how
much they earn follow ng each period. Only at the concluéion of the
experinent are they infornmed as to their earnings. This treatment
repfesents a mnimal floor of information. Here no participant can monitor
the activities of any other participant or the group as a whole.

The second treatment replicates those experiments reported by |saac
Wl ker and Thomas (1984).. Under this treatment, at the end of each
investnment period, participants are informed as to the group investnent
total and their earnings. In this sense they know only their own
contribution and the joint contributions of the remaining three players.
The level of information here is moderate since the information is
aggregated by all individuals. Variation in coﬁtributions by others is
buried in the aggregated figure and so the ability to nonitor individual

contributions is quite low, since individual behavior can only be inferred

\ A
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fromaggregate changes. Throughout the experinent participants have
access to the past history of group investment figures and a record of
their own earnings.

The third treatnent provides information concerning each individual's
contribution at the end of each investnent period. Here each individual is
given information about the contributions that all others made to the
group, information about the total nunber of tokens invested in the group
pool, and information about current earnings. Also, during each investment
period participants have access to information about the past investnents
of all participants and their own earning history. In this sense
participants can closely monitor the behavior of others and adjust their
own investnent behavior to the individual strategies of others. In the
settings we use here, this third treatment provides the richest anount of
information about the behavior of others. As with the other treatnents, at
. the conclusion of the experiment, participants are told their own earnings

and are paid in private.

Predictions.

Gven this conceptual framework and experinental design, we can now
translate our theoretical predictions to specific hypotheses. These
hypot heses address two dependent variables, the overall level of
contributions and the variance of those contributions. W have argued that
because signalling and nonitoring are critical, greater anounts of
contribution should occur when they are présent than when they are absent.
Thus we should see high amounts of contribution in the Full Information
conditions. In the situation where bnly aggregate data of contribution is
available (Mderate Information), signalling and nonitoring are inpeded and

as a result overall contributions should be less in the Mderate
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Information condition than in the Full Information condition. Based on
past research, we can further expect that contributions in Mderate
Information will decay over time. It is this decay that leads us to
predict that contribution in the No Information condition wll be higher
than that in Mderate Infornation.. Because all decisions are made on the
sane basis, contributions in the No Information condition should not
display a decay; in fact contributions should start at about the sane -level
as those in the other conditions and stay at that relatively high level
Thus: | |
Hypothesis 1: The ordering of overall contributions, from

smallest to largest, wll be: Moderate Infornation; No

Information, Full [Information.

As previously stated, we expect little variation in contribution levels
by individuals faced with no information because all decisions are made
wth the same lack of information. Wth Mderate Information, variability
shoul d increase since there is the possibility (although limted) of
signalling and nonitoring. Finally, if the contribution levels of
individual group members are known (Full Information), signalling and
noni toring procedures shou{d.create hi gh degrees of contribution
variability. Thus:

Hypothesis 2: The ordering of variances by conditions,
| fromsmallest to largest, will be: No Information

Moderate Information, Full [Informtion

Anal ysi s
A total of 24 experiments were conducted using student participants
responding to advertisenments ‘at Rice University. Eight experiments were

run under each of the three information conditions and each experinent
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involved four participants, none of whom had ever participated in a dilemm
experinment. \Wile participants volunteered for barticular days and tines
in which to be in the experiment, experimental conditions were randonly
ordered. In addition, participants were asked to remmin quiet about the
nature of the experiment and experiments were conducted within a two week
period in order to avoid external contamnating effects due to discussions

as to differences in the experinental conditions.

Goup Contribution Hypothesis.

The average levels of group contributions in each period under each
information condition is given in Figure 2 (and the raw data for each.
expefinent Is given in Table 1). The data plotted in Figure 2 are
normalized to represent contributions as a percentage of the Lindahl
optinum  The data plotted on this Figure do not fully support our

prediction that contributions to the public good will differ by treatment.

e

i nf ormat i on condi tions. Average contributions i condition track

alnost_identically. However, in the later periods, differences are quite
-—-""‘MW

W see little difference between the no i nformation and noderate

apparent between the full information condition and the no and nnderate.
information conditions. These observations are partly borne out by
statistical analysis using a MANOVA design. In Table 2 nultivariate F-tests
are feported for two estimated paraneters (a constant and a categorica
measure representing the three different information conditions) across al
periods. For the overall nodel, in which all periods are conéidered, we
cannot reject the null hypothesis that | evel s of group investment are

equi val ent acr oss periods and within information conditions. Taking into
account all three of the principal MANOVA F-tests, none fall belowa .05

level of statistical significance for our experinmental condition, the level
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of information available to participants.
<Figure 1 About Here> <Tables 1 & 2 About Here>

If we use a set of post hoc tests across levels of information, we can
examne pairs of differences between information levels. In particular, we
examne two relationships. First, to see if there is any statistica
difference between the no information and noderate information conditions
and second, to test for differences befmeen noderate and high information
conditions. The post hoc paired test between no and nmoderate information
again do not permt us to reject the null hypdthesis that levels of group
investment are equivalent across. These nultivariate F-statisties are
given in Table 2. This finding is consistent with what is displayed on
Figure 2. The second post hoc conparison across periods between the
noderate and high information conditions approaches our statistical Ievel
of .05 These nultivariate F-statisties point to what we observe in Figure
2, that contributions to the public good occur at their highest rates in
the no information condition. However, using a strict statistical
significance level, we are unable to reject the null hypothesis that the
noderate and full information conditions have equivalent contribution rates
across all pefiods. |

In repeated-play public goods ganes, participants may take time to
learn, signal and adjust their strategies. Consequently we separately
anal yze the last five investnent periods. It is apparent fromFigure 2
that there is some sorting of strategies that begins after the first few
trials. Looking at only the final five trials, we are again unable to
reject the principal null hypothesis that group investment |evels differ
across periods by treatnment (see Table 3). However, the effects here
approach our .05 level of statistical significance. Exami ning paired

effects across experinental conditions we again find that we cannot reject



p. 15 -

the null hypothesis that group contributions are the same under no and
nmoderate information conditions. On the other hand we can reject the
null hypothesis that public good contribution levels are the same for
nmoderate and full information conditions. This finding supports our
prediction that full information about individuals' past contribution
| evel s enhances public goods contributions. This is.due to the fact that
full information allows participants in a repeated-play public goods
environnent to fully nonitor others' levels of conmtnent to a pareto
superior cooperation strategy. Hi gher levels of group contribution, then
are sustainable over time with full information about past behavior
<Table 3 About Here>

Variation in Contribution Hypothesis.

The second hypothesis predicts that the variation in group
contributions differs by information conditions. This variation is a
function of the ability of menbers to monitor the behavior of others and to
adjust their own strategies accordingly. To test this prediction we
calculated the variance of group contributions for each experiment. An
ANOVA nodel was used, in which the calculated variance for experinent
contributions was the dependent variable and the experinental ~condition the
i ndependent variable. This analysis is presented in Table 4. Based on
these results we can reject the null hypothesis that all experinental
conditions have simlar levels of variation in group contributions.

This supports our hypothesis that behavioral strategies vary between

information conditions.

I'n addition, our predictions have a specific ordering to them W
predict that the no information condition has the least variance, since
menbers of the group adopt investnment strategies and do not update them in

the absence of information about what others' within the contribute. The
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hi ghest. variance- in contritbuti:ons should be found with the full information
condi'ti-on, since in this instance menbers have the richest information
about. ot hers'~ behavior and can adjiust. theiir- own cont:ri:buti-ons. accor di'ngly-.
To test these differences. between. groups, we used a series of post. hoc.
paired: tests. These resulits are reported: in Tablie 4. Fromthese results,
we cannot reject the nul:l: hypothesis that the no and mpderate information
condi tions. have. sim'lar- levels of variation. W can reject the null,
hypot hesi's. conparing. noderate and full infornﬁtron.conditPOnsh These
findings, while not fully supportive of our predictions are consistent with
the other- firndi'ngs presented above. These results show that having fuldl.
-information about menbers' past contributions |eads to nuch greater
fluctuation in group contributions than under the moderate or no
information conditions. This fluctuation favors enhancing the public good
rather than resulting in its decay.
<Table 4 About Here>

Wile investigating levels of contributions we also had some concerns
with the behavioral strategies that participants used in making their
investment decisions. W used a neasure simlar to that discussed in
Isaac, V&l ker and Thomas (1984) to examne participant-s behavi oral
étrategies. For empirical purposes |saac, Valker and Thomas characterize
five distinct investment strétegies, ranging froma "conplete strong
free-rider" to a "conplete Lindahl" investor. Each strategy is
operationalized according to the percentage of total tokens invested in
group fund. Qur operationalization is givén on Table 5. Extending from
our discussion above, we expect that information conditions wll have an
effect on individual strategic choices. Wth no information, participants
have no know edge about the choices of others or any feedback from period

to period, and consequently are nmore likely to adopt free-rider strategies



p. 17 -

Under the noderate information condition participants have aggregate
information about the choices of others. That information can be put to
use in deciding when to contribute and when to free ride. If such
information allows menbers to inconpletely nonitor one another's
contributions, then free riding is less likely to be chosen as a strategy.
Finally, under the full information condition, free riding should be
selected as a strategy less often than with under the rmoderate or |ow
information conditions. This is due to the ability of menbers to fully
monitor the past contributions of others, previous enpirical observations
that participants begin with reasonably high levels of contributions to the
public gpod, and the inportance of "trigger strategies" for an individual's
choi ce cal culus when participating in a repeated game. Consequently we
have conparative expectations about the strategies wll select under
different information conditions.
<Table 5 About Here>

Strategic choices are given in Table 5 and are broken out by type of
information condition. One point which imediately stands out is how
sel dom individuals chose to conpletely free ride or to cbnpletely provide
the public good. A second point is that there appears to be sone support
for our conjecture that there are differences across treatments as to the
choice of strategies. The greatest proportion of inconplete strong free
riders are found under experinents with no information and the greatest
proportion of those using an inconplete Lindahl strategy are found under
experiments with full information. Appearances can he deceiving, however
since using a Chi-square test we can not reject the null hypothesis that
there is no difference in choice of strategy across experinmenta
conditions. Because only two individuals are conplete strong free riders

or used a conplete Lindahl strategy, these two strategies were excluded
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fromthis analysis. In this case xQ = 8.85 and p = .065.

Sunmary

Qur results are somewhat puzzling. On the one hand we observe sone
differences due to our experimental conditions. That is, we find a
tendency by participants to contribute to the public good at higher rates
when they have full information as to other menber's past contributions.
This is consistent with conjectures we derive frommodels of resource
depletion and principal/agent relationships. Fromboth sets of literature
we expect that individuals acting in non-cooperative repeated n-person
prisoner dilema games use such information to monitor the past behavior of
others. Fromthis information they can finely adjust their own behavior
sustaining a high level of cooperatibn anmong nmenbers of the
group

On the other hand, the lack of difference that we observe between
settings with no and hnderate information are baffling. In each setting
participant contributions to the public good track almost precisely.
Unlike the full information condition, those in the noderate information
condition do not appear to use the information available to themto focus
their contribution strategies. Equally puzzling is the variation obser ved
in group contributions under the no information condition. There we
expected there would be little variation in individual's choices. Since
they did not know anything about group contributions at any period, we
expected they woul d select and stick with a particular strategy. This we
did not observe.

These experinental results are not too distorted, since the patterns we
observe here are consistent with ofher experiments (c.f. Isaac, Walker &

Thomas, 1984 and Isaac and Wal ker, 1988) As with those experiments we
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observe high levels of group contributions in the initial investment

period. Likew se we observe "crashes" at the final period (in fact 36.5

percent of the participants contribute nothing to the public good in this

fina period). W conclude that our results are not an artifact of ouremﬂi
experinental design. Instead these results provide additional grist for

the theoretical mll, simultaneously playing up and playing down the

variable effect of information for resolving a repeated play n-person

prisoners dilema.

Concl usi ons

Qur research has several inportant theoretical inplications. The first
relates to the lack difference between individuals' behavior with no
information and an aggregate level information. Qur No Information
condition represents a baseline. There is a pattern of decay in this
baseline and it is somewhat nysterious since conditions for the first
decision in the sequence are identical to conditions for all other
decisions (except for the last decision since it is the endpoint). Thus,
the changes we observe probably représent a consistent set of reflective
strategies used by individuals. Mre inportantly, the simlarity between
the no information and aggregate information results suggests that, from
the individuals' point view aggregate level information is roughly
equivalent to no information at all. If this Is the case, it has inportant “nﬁvjzngzut

~inplications for public gbods contributions. It suggests that signalling

M
and monitoring do not occur with aggregate information. // ol el

On the other hand, signalling and monitoring processes occur when
individuals have information about individual contributions—even when the
identities of the particular individuals are unknown. And through these

processes, contributions to the public good are increased. This lends
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support to the |iteraturer?n nnnitorinq/ n-person prisoner dilemms (for
exanpl e Radner, 1986 and HEY{E#EES—EEEEEEL31982)' Additionally, this adds
to the social -psychological literature concerning the effects of
communication in public good provisioning by demonstrating that signal Ing
and monitoring are analytically distinct and inportant aspects of the
conmuni cation process.

The probl emof provisioning public goods is not solved of course. Even
when individuals have information about other group members' contributions,
the Lindahl optimumis not reached. Such information is not sufficient to
solve the social dilemn and, based upon our results, we can only specul ate
that such information is necessary for resolving social dilemmas. At best
we show that information about individuals' past contributions increases
the overall supply of the public good and this is consistent with what we
expect if individuals use such information to monitor inplicit - agreenents

to cooperate in provisioning the public good.
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. Table 1§
Period-by-Period Group Contributions

No Information
Experimental Condition

Exper. Perilod

| 2 3 4 5 6 7 8 9 10
1 47 54 39 55 59 45 39 37 40 20
2 38 24 24 22 34 24 37 22 k1) 37
3 57 60 90 90 90 90 90 90 1] 60
4 35 52 58 57 40 50 74 57 49 38
5 71 ag 70 43 65 66 &2 90 60 60
6 52 60 20 37 45 49 32 65 15 16
7 56 58 45 86 ig 57 58 49 59 49
8 55 75 52 66 67 57 50 60 47 a0

Moderate Information
Experimental Condition

Exper. Period

| 2 3 4 5 6 7 g8 9 i0
1 50 105 85 106 - 100 65 95 100 75 3s
2 75 62 62 47 7t 71 52 49 57 44
3 38 33 34 36 40 27 27 21 34 34
4 54 58 70 73 70 80 80 78 74 50
5 57 68 38 56 72 68 70 71 75 56
6 65 75 46 34 36 61 53 63 51 30
7 63 45 18 36 33 41 44 19 i5 51
8 28 35 40 44 22 24 40 2% 15 4

Full Information
Experimental Condition

Exper. ' Period
1 2 3 4 5 [ 7 8 9 10
1. 66 87 84 88 113 1t3 118 il6 119 120
2 45 55 €5 55 55 59 44 61 &9 31
.3 13 28 48 39 45 8 20 47 45 5
4 29 12 18 18 30 15 40 65 79 75
5 65 = 62 57 41 i8 56 71 as 54 35
6 40 62 75 86 90 100 100 1060 i00 90
7 56 50 63 66 48 4] 55 65 83 62
8 56 45 65 - 85 86 - 98 100 1f1 11l 72

[Maximum total group tokens per period: 120}



Table 2

Analysis of all Period-by-Period Group Contributions

Main Effect:  CONSTANT

WILKS” LAMBDA = 0.038
F-STATISTIC = 29.990 DF = 16, 12 PROB = 8.000
PILLAI TRACE = 0.962
F-STATISTIC = 29.990 OF = 10, 12 PROB = 0.000
HOTELL ING~LAWLEY TRACE = 24,992
F-STATISTIC = 29.990 DF = 10, {2 PROB = 0.000
Main Effect: EXPERIMENTAL CONDITION
WILKS’ LAMBDA = 0.249
F~STATISTIC = 1.204 DF = 20, 24 PROB = 0.329
PILLAI TRACE = 0.884
F-STATISTIC = 1.031 DF = 20, 26 PROB = 0.465
HOTELL ING-LAWLEY TRACE = 2.476 :
F-STATISTIC = 1.362 DF = 20, 22 PROB = 0.240
THETA = 0.691 S = 2, M= 3.5, N= 5.0 PROB = 0.154
Post Hoc Test: No and Moderate Information Conditions
WILKS’ LAMBDA = 0.685
F-STATISTIC = 0.552 DF = 10, 12 PROB = 0.823
PILLAI TRACE = 0.315
F-STATISTIC = 0.552 DF = 10, 12 PROB = 0.823
HOTELL ING~LAWLEY TRACE = 0.460
F-STATISTIC = 0.552 OF = 10, 12 PROB = 6.823
Post Hoc Test: Moderate and Full Information Conditions
WILKS’ LAMBDA = 0.316
F~STATISTIC = 2.602 OF = 10, 12 PROB = 0.060
PILLAI TRACE = 0.684
F~STATISTIC = 2.602 DF = 10, 12 PROB = 0.060
HOTELL ENG-LAWLEY TRACE = 2.168
F-STATISTIC = 2.602 OF = 10, 12 PROB = 0.060



Tabte 3

Analysis of Last Five Period-by~Period Group Contributions

Main Effect: CONSTANT

WILKS’ LAMBDA = 0.114
F-STATISTIC = 26.364 oF = 5, |7 PROB = 0.000
PILLAI TRACE = 0.886
F-STATISTIC = 26.364 oF = 5, 17 PROB = 0.000
HOTELL ING-LAWLEY TRACE = 7.754
F-STATISTIC = 26.364 DF = 5, 17 PROB = 0.900
MHain Effect: EXPERIMENTAL CONDITION
WILKS® LAMBDA = 0.414 _
F-STATISTIC = 1.887 OF = 18, 34 PROB = 0.082
PILLAI TRACE = 0.638
F-STATISTIC = 1.686 OF = 10, 36 PROB = 0.122
HOTELL ING~-LAWLEY TRACE = 1.293
F-STATISTIC = 2.069 DF = 10, 32 PROB = 0.058
THETA = 0.543 5= 2, M= 1.0, N= 7.5 PROB = 0.046

Post Hoc Test: No and Moderate Information Conditions

WILKS® LAMBDA = 0.889 ' -
F-STATISTIC = 0.426 bF = 5, 17 _ PROB = 0.824
PILLAI TRACE = 0.111 -
F-STATISTIC = 0.426 DF = 5, 7 PROB = 0.824
HOTELL ING-LAWLEY TRACE = 0.12%
F=-STATISTIC = 0.426 DF = 5, 17 PROB = 0.824

- Post Hoc Test: Moderate and Full Information Conditions

WILKS® LAMBDA = 0.491
F-STATISTIC = 3.520 DF = 5, 17 PRCB = 0.023

PILLAI TRACE = 0.509
F-STATISTIC = 3.520 OF = 5, 17 PROB = 0.023

~ HOTELLING~LAWLEY TRACE = 1.035
F-STATISTIC = 3.520 DF = 5, 17 PROB = 0.023



Table 4

Analysis of Group Contribution Variances by Experimentat Condition

Main Effects:
ANALYSIS OF VARIANCE
SOURCE  SUM~OF-SQUARES  DF MEAN-SQUARE  F-RATIO p
TREATMENT 134851.187 2 67425.594 3.699 0.042
ERROR 382754.758 21 = 18226.417 |

Post Hoc Test: Low and Moderate Information Conditions

TEST OF HYPOTHESIS
SOURCE S5 DF "S F P
HYPOTHESIS 3271.554 l 3271.554 0.179 0.676

ERROR 382754.758 q ] 18226.417
Post Hoc Test: HModerate and Full Information Conditions

TEST OF HYPOTHESIS
SOURCE SS DF MS F P

HYPOTHESIS 81534.519 | 81534.519 4,473 0.047
ERROR  382754.758 21 18226.417




Table S

Overall Contribution Strategies for Participants

Experimental Condition

No Moderate High

information Information Information
' | H H
Compiete Strong ] 0 ] 0 d 1 :
Free Rider ! (0%) ' (0%) ' (3.1%) '
] i 1 1
] 1 1 1
Incomplete Strong E 13 E 11 i 7 E
Free Rider H (40.6%) ' (34.4%) | (21.9%) I
] ] 1 ]
: E E E
Weak Free ! i3 ! 17 ! 12 !
Rider : (40.6%) ' (53.1%) H {37.5%) '
' ' ' 1
i ] } H
Incomplete { 6 ! 3 . 12 ]
Lindahl ! (18.8%) ! (9.4%) | {(37.5%) H
) 1 1 ]
] ] ] 1
' g ' '
Complete ] 0 i | ! 0 ]
Lindahi H (0%) H (3.1%) H (0%) I
32 32 32
{100%) {(100%) (100%)

Excluding the Complete Strong free Rider and Complete Lindah]l strategies,
x2 = 8.5 and p = .065. - |

Note:-'The gollowing coding rules were used for an individual’s group contribution
given by x.

Complete Strong Free Rider: x = 0%

Incompiete Strong Free Rider: 0% < x ¢ 33.33%
Weak Free Rider:l 33.33% < x ¢ 66.66%
Incompiete Lindahi: 66.66% ¢ x € 100%

_Complete Lindahl: x = 100%



Figure 1

Main Screen for Individus! Participants

MENU

Period 1
Payoff Display

"There are a total of 120 tokens in this period.
You have 30 tokens that you can invest.

If the others invest: 45

[Set whatever values you wish]
and you invest: 15

You will earn: § 0.60
($0.45 from the total investment pool and $0.15 from your own holdings)

Indicate how much you will invest in the total investment pool.

Tokens: 15 SEND
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Appendix A- 1

This experiment is concerned with how people make decisions

about investments. You are one member of a group. Everyone

in the group will be making similar types of investment decisions.
No one in the group will be able to speak to one another or inter-
act during the experiment. Each group member will make a number

. of investment decisions over computer terminals. At the conclusion
of the experiment you will be paid in private the amount you have
earned.

CDNT‘NUE




Appendi x A- 2

At the beginning of each investment period you are given a
fixed number of tokens which you wll invest.

You have t wo choi ces.

The first choice involves putting tokens into the group i nvestment
pool . Every token placed in the investment pool is worth 3 cents.
The total worth of the investment pool is evenly divided among al
members of the group —no matter how much they put into the group
pool . You al ways receive a 1/4 share of the i nvestnent pool .

The second choi ce invol ves putting tokens into a private fund. |
Every token put into your private fund is worth 1 cent. This money
Is added directly to your earnings and it is shared with no one.

You may mix up your investment of tokens any way you wish,

CONT INUE

R




Appendix A-3

As an example, suppose you begin with 60 tokens. Suppose you put
no tokens in the investment pool and instead put all 60 into your
private fund. Suppose the remaining three group members put a total
of 100 tokens in the investment pool. How much would you earn?

[]$0.75
I $1.35

[]$1.95

That is Correct.
You would earn 60 <tokens> * $.01 for your private fund, which is $.60

Also you would earn a 1/4 share of the investment pool or
(100 <tokens> * $,03) divided by 4, which is $.75.

Your total earnings in this example would be $1.35.

CONTINUE




Appendi x. A- 4

As a second example suppose you put 30 tokens into the group
investment pool and the remaining 30 tokens into your private
fund. Also suppose that a total of 200 tokens are put into

the group investment pool. How much would you garn?

[]$1.80
[]$2.40

u $3.00
That is Incorrect. _
You would earn 30 <tokens> * $.01 for your private fund, which is $.30.

Also you would earn a 1/4 share of the investment pool or
(200 <tokens> * $.03) divided by 4, which is $1.50.

Your total earnings in this example would be $1.80.

CONTINUE




Appendix A-5

At any time during the experiment you will be able to easily
calculate how much you will earn from different combinations
of investment choices.

" You and the others will make a number of investment choices.
You will have to wait two minutes before you make each
investment decision.

Once you have made your choice the computer will total your
share of the investment pool, total your private fund, and keep
track of your overall earnings.

When the experiment is completed, your earnings will be paid
to you in private.

CONTINUE




Appendix A-6

This concludes your introduction to the experiment. If you have
- any questions, please raise your hand and ask the experimenter.

During the experiment you may not speak with any of the other
participants. If you do so, the experiment will be stopped.
If you need help during the experiment, ask the experimenter.

Keep in mind that: THE ONLY MONEY YOU MAKE FOR THIS EXPERIMENT
STEMS FROM YOUR INVESTMENT DECISIONS.

Good luck. You may begin the experiment if you have no questions.

CONTINUE




Appendi'x A- 7

During this Experinent:

You are player d —one of 4 members of this group.

There are 1 separate investment periods inthis experinent.
Atotal of 120 tokens can be invested by the group.

O this total, you have 30 tokens that you can invest.

For every 10 tokens ANYONE invests in the group pool, your share is $0.07.
For every 10 tokens put into your private fund, you earn $0. 10.

In this experinment you wll be told how many tokens each
individual invests after each period. After each period you
wll be told howmuch you earned. You can al so use the MENU
to find out how much each individual invested in previous
peri ods.

CONTI NUE
L




Appendix A-8

How many tokens are there in the group?

80 120 160 200

How many tokens do you have to invest?

10 20 | n 40 50

YOU MAY NOW BEGIN THE EXPERIMENT.

CONTINUE i



