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ABSTRACT

This paper examines cooperation in threshold public goods and common resources
games by considering different sizes of groups and contribution mechanisms. QOur experi-
mental findings show first that framing has no significant main effect on cooperation, while
its interaction with group sizes is significant. More specifically, subjects in small groups
preferred giving to not-taking and preferred taking-all to giving-nothing, while subjects in
large groups by contrast preferred just the opposite. This indicates that subjects acted more
aggressively in small groups, while in large groups they behaved rather passively. Secondly,
the continuous contribution mechanism greatly alleviated the incentive to completely free
ride in both small and large groups, regardless of the frame. Finally, providing public goods
and common resources in small groups was the most effective way of achieving the Pareto

efficient outcome and maximizing social welfare.
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1. INTRODUCTION

The idea of decision framing, which origiteal from the Prospect Theory developed

by Kahneman and Tversky (1979, 1982, 1984) and Tversky and Kahneman (1981),
states that decisions yielding the same outcome or objective may not be regarded as
psychologically equivalent. Individualstgferences or choicaray be influenced by

the way in which a decision is initially framed. These arguments have been constantly
tested in relation to sevdraconomic issues, for instaa, the public goods/common
resources dilemma, preferenewersals, and the disparity between willingness to pay
and willingness to accepfThese issues are of particular interest because economic
theories usually predict the same conclugiegardless of the frame, while experimen-

tal evidence often gives rise to differences, despite the potential outcomes for different
frames being identical.

In this paper we shall explore the public goods/common resources dilemma. This
dilemma has been examined in variousmieavorks and the results are generally in-
consistent. Most experimaaitstudies that examined this dilemma instructed subjects
to “give some” in the public goods experiments and to “take some” in the common
resources experimems.Of the studies conducted, some found higher levels of co-
operation in public goods experiments itha common resources experiments, some
found just the opposite, and some found &her be no differences between these two
frames.

Aquino, Steisel, and Kay (1992) specifigeexamined the public goods/common
resources dilemma using a step-level mechanism in which public goods or common
resources were provided only if group ¢dbutions exceeded a certain threshold. In
each frame, subjects were divided intmgps of four and played two games with
different resource distributions. Decisioregarding giving and taking were discrete,
with increments of $1000. Subjects made omhe decision in each game, but without
knowing it in advance. No framing effect was found in the work of Aquino et al.
(1992).

Sonnemans, Schram, and Offerman (19818 tested the public goods/common

! see surveys by Davis and Holt (1993) and Kagel and Roth (1995) for details.

2 An exception is Andreoni (1995), who examinée tpuzzle of public goods and common resources
by using an externality framework.
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resources dilemma with a step-level rhanism. Subjects were randomly assigned
to groups of five and played twenty rounds of the threshold public goods/common
resources game. They could only choose to give to the public good (or take from
the common resource) or not. Sonnemarghr&m, and Offerman (1998) found that
subjects in public goods experiments were gigantly more cooperative than subjects

in common resources experiments.

Rutte, Wilke, and Messick (1987) and van Dijk and Wilke (1995) also exam-
ined the public goods/common resources dilemma in a threshold setting, but allowed
for continuous contributions. In Rutte, \WW@#, and Messick (1987), subjects were as-
signed to groups of five or six and played only one shot. No framing effect was found,
and therefore Rutte, Wilke, and Messick concluded that the framing effect might only
hold under conditions in which subjects faca sequence of decisions. Van Dijk and
Wilke (1995) conducted one-shot experiments by using a group size of four, but in a
slightly different environment in whichrgup members were assigned asymmetric en-
dowments and asymmetric interests. Yii@und that subjects playing a public goods
game tended to give in proportion to their endowments or interest position, and that
subjects playing a common resources game coordinated their behavior to minimize the
difference in final outcomes.

Differing from the above studies of threshold public goods/common resources
games, Brewer and Kramer (1986), Fleishman (1988), and van Dijk and Wilke (1997)
adopted a continuous contribution mechamasnd imposed no threshold. Brewer and
Kramer (1986) manipulated the experimeit two group sizes, eight and thirty-two,
and assumed that the public goods and @@mm resources increased by a replenish-
ment factor of between 1% and 10% andaiéd for only continuous contributions.
They found that subjects in public goods experiments were less cooperative than sub-
jects in common resources experimentsadidition, in public goods experiments sub-
jects were less cooperative in larger grouphile in common resources experiments
no group size effect was found.

In Fleishman (1988), subjects in graupf four or five made a series of one to
nine decisions, but they were not told theaet numbers of trials in the series. Here,
Fleishman found instead no framing effe¥an Dijk and Wilke (1997) used a group
size of four and investigated the dilemma of public goods and common resources in
a different vein by framing the initial property in a partitioned or a collective way in
each frame. They found in the common-res@uirame that subjects in the Partitioned
Property conditions were less cooperative thabjects in the Collective Property con-
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ditions, but property treatment had noeaft on cooperation in the public-good frame.

Based on the experimental studies referred to above, it can be seen that some
tested the dilemma of public goods and e¢oon resources for only one shot, some
tested it repeatedly over ten or twgntounds, while some tested it in a dynamic
framework in which the public good or the common resource could be replenished.
In addition to the diversity in the number of rounds played, whether or not a threshold
was imposed and whether or not subjects were instructed to give or take in a binary or
a continuous manner also differed among thewe-mentioned studies. Furthermore,
group sizes varied, too. Except for Bravesd Kramer (1986) who also examined the
group size effect, all of the other studies allowed for only small sizes of groups. Due
to all of these disparities, there was hardly a basis for comparing these experimental
results from various studies.

This paper examines the framing effect by focusing on a threshold framework.
The threshold case differs from the no-threshold case in that being pivotal or not will
affect one’s incentive to cooperate. In addition, in the no-threshold case with a sim-
ple linear public goods desigrgomplete free-riding is the unique dominant-strategy
Nash equilibrium. By contrast, so long ashagshold is imposed, there exist multiple
Nash equilibria, including everyone contributing nothing and the sum of contributions
exactly matching the threshold. None oé#ie equilibria remains a dominant-strategy
equilibrium.

In our experimental design, both the pubtjood frame and the common-resource
frame were examined for groups of five andgps of twenty, and each group size was
accompanied by both the binary and cantius contribution mechanisms. We adopted
this design because we conjecture that one can more easily become pivotal in a small
group than in a large group, and an all-ortmag decision enhances one’s pivotal po-
sition. Furthermore, providing publiogds/common resources in small groups rather
than large groups help the group focus on the threshold and therefore lift cooperation.
Similarly, the continuous coribution mechanism allows symmetric contributions and
helps the group to split the threshold evenly among group members. As a consequence,
group size and the contribution mechanisrayninteract with decision framing, and
thereby different framing effects may lebserved for different sizes of groups and
contribution mechanisms.

The rest of the paper is organized as follows. Section 2 presents the models of

3 The linear public goods design was first introduced by Marwell and Ames (1981) and has been
adopted by many subsequent researchers.
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threshold public goods and common resoargames and briefly characterizes the
Nash equilibria. Section 3 describes thgperimental design, and Section 4 presents
the experimental results. Conclusions gmdicy implications are provided in Section
5.

2. NASH EQUILIBRIA IN THRESHOLD PUBLIC GOODS
AND COMMON RESOURCES GAMES

The models of threshold public goods games have been developed by Palfrey and
Rosenthal (1984), Bagnoli and Lipmah989), and Cadsby and Maynes (1999), and
have been tested experimentally by vanKragt, Orbell, and Dawes (1983), Isaac,
Walker, and Thomas (1984), Issac, Schinicand Walker (1989), Bagnoli and Mc-

Kee (1991), Marks and Croson (1998), and Cadsby and Maynes (1999). In addition,
Andreoni (1998) has presented a modelwid-raising which in some respects were
similar to the models above. In this paper, we use the models of threshold public goods
games developed by Cadsby and Mayne (1999), and then switch them to models of
threshold common resources games.

It is assumed in our models and experimental designs that there is no refund
if group contributions fail to meet the thshold, and any excess contributions will
simply be wasted. Individuals are each endowed with wealtthand allocate that
wealth between consumption of the private gaagand donations to the public good,
gi- Note thatg; is either 0 orw under the binary contribution mechanism. In the
threshold public goods game, the public ga@davill be provided if and only if group
contributions reach or exceed a certain threshbldf is assumed thaf' is a multiple
of w to avoid unnecessary wastage. We demos the group size arny;’ ; g; as the
total gifts donated by all group membefizhe level of the public good is therefore

i S g>T,

G: =1
0, it > g <T

=1

1=

4 These assumptions were used in the experiments that imposed the threshold cited in Section 1. A
series of experiments that focus on the effects of the motivations of greed and fear on defection in partic-
ular consider the assumption that there is a ref8&k, for instance, Ahn, Ostrom, Schmidt, Shupp, and
Walker (2001), Dawes, Orbell, Simmons, and van de Kragt (1986), Poppe and Utens (1986), Poppe and
Zwikker (1996), and Rapoport and Levy (1989).

6



Effects of Framing, Group Sze, and the Contribution Mechanism on Cooperation (Li-Chen Hsu)

Individuals’ preferences are rgsented by the utility function;(z;, G) = z; +
B, where B represents the benefits from cansing the public good. It is assumed
in the experimental design th@& = a(7/nw) if the public good is provided. In
other words, if a minimum fraction of group wealthi/nw, is donated to the public
good, then each group member will earn a bonus which is a multipte aff this
fraction. Otherwise(= is not provided and thu® = 0. Note that the parameter
a must satisfy the condition > (nw/T)w to makeB > w if group contributions
reach the threshold. Ne also that the conditiom < 7' < nw is required such that
individuals have incentives to contribute and to free ride.

With the binary contribution mechanism, each individual decides between con-
tributing and not contributing so as to menke his (her) utility. It is obvious that
an individual will contribute if and only if he or she is pivotal, that is,= w if and
only if ' — 3, g; = w. The Nash equilibria in this threshold public goods game,
as solved by Cadsby and Maynes (1999), are as follows. First, we have a complete
free-riding Nash equilibrium in which none contributes, since the best response to
2+ 9; = 0isg; = 0forall:. It then follows thatG = 0. Second, we have some
asymmetric pure-strategy Nash equilibria in whigh.. g; = 7', whereC'is the set
of contributors. Ifi € C, then the best strategy fois to remain a contributor. On the
contrary, ifi ¢ C, then the best strategy fois to back out. Third and finally, we have
an infinite number of mixed-strategy Nash equilibria in which individuals randomize
the probabilities of contributing and nadwetributing such that the sum of each individ-
ual's expected contoutions exactly meets. Following Cadsby and Maynes (1999),
we call the Nash equilibria in the latter tvoases the threshold Nash equilibria, since
in these equilibria group contribotis precisely match the threshold.

The above threshold public goods game easily be transformed into a threshold
common resources game. Let us now calthe common resource and dendte
as the initial size of it. Individuals areach endowed with nothing, but instead an
entitlement to exploit the common resource. Let us denote the entitlementad
assume thatv satisfiesnw = G. The amount that individual exploits from the
common resource will be his (her) consumption of the private gepdahich is either O
or w when exploitations are binary. The amount that individuahves in the common
resource is thug; = w — x; and the total amount of leftover 8, g; = G — 3, z;. If
total exploitation,Y. z;, exceeds a certain threshdld or in other words, if the total
amount of leftovery,, g;, drops belowl’ = G — T, then the common resource is gone.
Otherwise, the common resource remains and is equloG — 7. That is,
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G-T, if Sa<T,

G = i=1
0, it > x> T.

=1

The individual behaves in such a way sota maximize the same utility function
u;(z;, G) = z; + B as in the case of the public goods game, but choosésstead
of g;. Note that the conditiod’ — w > T > 0 (which is equivalent to the condition
w < T < nw in the public goods game) must be imposed so that individuals have
incentives not to exploit and to free ride.

We can see that the threshold common resources game is identical to the threshold
public goods game. In the threshold commesaurces game with binary contributions
(or more properly, exploitations), the indikial will exploit the common resource if
and only if (s)he is not pivotal, that is;; = w if and only if 3, z; # T and
x; = 0 otherwise. The Nash equilibria ingthreshold common resources game are
simply analogous to those in the threshold public goods game. Specifically, we have
first a complete free-ridinglash equilibrium in whiche; = w for all 7, since the best
response tQ; .; r; = G — wis z; = w for all i. Second, we have many asymmetric
pure-strategy Nash equilibria in whighy.. , z; = T', whereE'is the set of exploiters.

In this case, ifi € I, then the best strategy fors to remain a taker. If € F, then the
best strategy foris to leave his or her total entitlement there. Third and lastly, we have
an infinite number of mixed-strategy Nash equilibria in which individuals randomize
the probabilities of exploiting and nokploiting such that the sum of the expected
amounts taken by all group members is exactly equl.to

If contributions are continuous, i.ey, € [0, w], then it is less apparent to define
the “pivotal” agent. Any shortage belowé threshold can be made up by more than
one group member, and it is possible for more than one contributor to withdraw any
proportion of their current contributions group contributions exceed the threshold.
The Nash equilibria in the case of the threshold public goods game with continuous
contributions, which were also solved Badsby and Maynes (1999), include the fol-
lowing. First of all, there is a complete &aiding Nash equilibrium in which everyone
contributes zero as long as < T', since the best response®y..; g; = Oisg; = 0
for all i. Second, we have a symmetric pure-strategy Nash equilibrium in which every
group member contributeg = 7/n if T/n < w andB > T/n. Third, there is an
infinite number of asymmetric pure-strgieNash equilibria in which group contri-
butions satisfy} ; g; = T'. Fourth and finally, we have an infinite number of mixed-

8
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strategy Nash equilibria in which individusalandomize the probabilities of all possible
amounts of contributions such that the sum of the expected contributions made by all
group members exactly rtehes the threshold.

We can also easily transform the abovestihold public goods game into a thresh-
old common resources game by lettiigoe the initial size of the common source and
x; € [0, w] be individuali's exploitation of the commoresource. The Nash equilibria
in the common resources game are analogdug briefly, we have first a complete
free-riding Nash equilibrium in which:; = w for all <. Another symmetric pure-
strategy Nash equilibrium is illustrated by = T/n for all i. Third, there is also
an infinite number of asymmetric pustrategy Nash equilibria in which; z; = T.
Finally, we have an infinite number of asymmetric mixed-strategy Nash equilibria in
which group members randomize the proltitibs of exploiting various amounts of the
common resource such that the sum @& #xpected amounts exploited by all group
members is exactly equal 0.

Notice that theoretically, group sizes have no effect on cooperation if the same
minimum fraction of group weéh allocated to the public good/nw) is imposed in
various sizes of groups. Notice also that theetiihold Nash equilibria are Pareto effi-
cient, and that the threshold Nash equilitara the only equilibria satisfying Pareto ef-
ficiency. Furthermore, any equilibrium inhich group contributions reach the thresh-
old improves upon any equilibrium in wth group contributions fall short of the
threshold.

3. EXPERIMENTAL DESIGN

We conducted two series of experiments,leawolving two frames: the public-good
frame and the common-resource frame.ohe series of experiments, subjects were
instructed to give to the public good or take from the common resource in a binary
manner, while in the other series of expeents giving and taking were continuous.
Both public-good and common-resourcarfres were each played in groups of five and
twenty, and on this basis four experimensre/involved in each series of experiments.
Sixty subjects were used in each experimienblving the twenty-person groups and

50 subjects were used in eagkperiment involving the five-person groups, except in
the common resources experiment with lbjneontributions, in vinich only 45 subjects
showed up. Therefore, a total of 435 subjects participated in this study.
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The subjects were undergradeistudents at National Chengchi University and
National Taiwan University. All subgs were inexperienced. Among them, 163
were males and 272 were females, and 369 of the subjects majored in economics or
economics-related fields. The mean ages\0.38 years and average earnings were
NT$312°

Subjects’ Instructions, Earnings Repodad Decision Forms were handed out to
each subject after (s)he was sedtethe subjects in each experiment played ten deci-
sion rounds and were randomly assigned tgeaup numbers. They were aware that
group numbers remained unchanged over all ten rounds, but did not know to which
group they belonged. Except for the group rers that were assigned to all subjects,
all other parameters in the experimentlinding group size, the endowment and group
contributions (in public goodsxperiments), the maximunxgloitation and group left-
overs (in common resources experimentgy the payoff scheme] were public infor-
mation. We used/nw = 3/5 anda = 500 in all of the experiments, namely, if at
least three-fifths of group wealth wasadhted to the public good (common resource),
then each group member would receive a baBus a(7/nw) = 300. Otherwise, the
public good (common resource) was not provided &ng O.

In the threshold public goods experiments with binary contributions, subjects
were each endowed with 100 points per round. They were instructed to invest either 0
or 100 points to the Public Account. Points not invested in the Public Account would
be retained in the subject’s own Private Acat, and one point in the Private Account
would earn the subject one point. In the experiment involving the five-person groups,
if three or more than three group members gave 100 points to the Public Account, then
each group member would receive a bonus of 300 points. However, if fewer than three
group members gave to the Public Account, then none of the group members would
receive a bonus and all points investedtie Public Account would be wasted. The
subject’s earnings per round comprised the sum of the return from his (her) Private
Account and the bonus from the Public Account.

The same minimum fraction of group wiahllocated to the Public Account and
the same award were adopted in the experitrinvolving the twenty-person groups.

51t took about 80 minutes to finish one experiment, and on that basis average hourly earnings per
subject were about NT$234, more than twice the garethourly wage rate for an undergraduate student
in Taiwan. The exchange rate between the NT (New Taiwan) dollar and the U.S. dollar was about 33:1
when these experiments were docted. Data from experiments aagailable from the author upon
request.

6 Subjects’ Instructions, Earnings Reports, and Decision Forms are available from the author upon
request.

10
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Specifically, if twelve or more than twelve group members gave 100 points to the Pub-
lic Account, then each group member woudgteive a bonus of 300 points, otherwise,
no one would receive any bonus.

In the threshold common resources expenits with binary contributions, each
subject was endowed with zero points andwestructed to take either 0 or 100 points
from the Public Account. Points withdrawroim the Public Account would be invested
in the subject’s own Private Account, and one point in the Private Account would earn
the subject a return of one point. In the expent involving the five-person groups,
500 points were initially invested in theuBlic Account. If two or less than two group
members took from the Public Account, then each group member would receive a
bonus of 300 points. However, if more than two group members took from the Public
Account, then no bonus would be earned, and all points left in the Public Account
would be wasted.

In the experiment involving the twentyepson groups, 2,000 points were likewise
initially invested in the Public Account.f kight or less than eight group members
took from the Public Account, then eactogp member would receive a bonus of 300
points. Otherwise, the Public Account wdlle gone and all points left in this account
would be wasted.

In experiments with continuous contrifions, subjects in the public-good frame
were instructed to give any points between 0 and 100 to the Public Account, while
subjects in the common-resrce frame were instructed to take any points between 0
and 100 from the Public Account. In the threshold public goods experiment involving
the five-person groups, if group contrtimns reached or exceeded 300 points, then
each group member would receive a bonus of 300 points. In the threshold common
resources experiment involving the sanreup size, if the total amount of leftover
in the Public Account remained at least 300 points, then each group member would
receive a bonus of 300 points. Similarly, inet experiments involving the twenty-
person groups, each group member would receive the same reward of 300 points if
the threshold of 1,200 points was reach@dthe public goods experiment) or was
maintained (in the common resources experiment).

4. EXPERIMENTAL RESULTS

Tables 1-5 report the experimental evidence. We perform the statistical analyses by

11
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employing a 2x 2 x 2 (public-good frame vs. comom-resource frame by group size

of five vs. group size of twenty by binarpntributions vs. contiuous contributions)
ANOVA (analysis of variance) and illustrate the statistical results in Table 6. The main
findings from the experiments are sumrzad in a series of nine observations that in
particular focus on cooperation and the intbeas of complete free-riding. Observa-
tions 1-3 summarize the effects of framirggpup size, and the contribution mecha-
nism on cooperation, respaaly. Observations 4—6 then correspondingly sketch the
effects of these three factors on the incentives to completely free ride. Observations
7-9 present the results associated with tireghold Nash equilibria, the provision of
public goods/common resources, and welfare levels.

4.1 The effects of framing, group size, and the contribution mechanism
on cooperation

Table 1 reports the cooperation rate per roimearious experimest The notation B-
PG-5 refers to the threshold public goods esiment involving the five-person groups
with binary contributions. The notationsrfother experiments may be explained anal-
ogously. The cooperation rate in the pubdicod frame is defined as the total number
of points allocated to the Public Accountvitled by total endowments, and in the
common-resource frame it is defined as th&l number of points left in the Public
Account divided by the initial size of the Public Account.

Notice first of all that the results from the B-PG-5 and B-COM-5 are very similar
to those found in Sonnemans, Schram, and Offerman (1998). Sonnemans, Schram,
and Offerman found that the overall cooperation in the public-goods frame was 51.1%
and in the common-resource frame it was 39.9%. These figures are very close to
the cooperation rates of 51.4% and 41.1% found in this paper. Furthermore, except
in B-PG-20 and B-COM-20, the average cooperation rates in all other experiments
were above 40%, showing fairly high cooperation. Even in B-PG-20 and B-COM-20,
average cooperation rates were stitbamd 30%. Finally, cooperation across all ten
rounds was quite smooth in all experiments except in B-PG-20 and B-COM-20. In
B-PG-20, the cooperation rate started aghhas 40%, and then suddenly dropped to
18.33% in round three. Though the cooperation rate then rose steadily to 36.67% in
round eight, it dropped abruptly again 16.67% in round ten. The cooperation rate
changed more drastically in B-COM-2@ started at 23.33%, rose to 60% in round
six, and then fell sharply to 21.67% at the end.

We shall now study the effect of framing on cooperation. The ANOVA results in

12
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Tablel Cooperation Rate per Round (in%)

Round
Experiment 1 2 3 4 5 6 7 8 9 10 Al
B-PG-5 46.00 60.00 54.00 46.00 48.@H.00 58.00 52.00 50.00 44.00 51.40
B-COM-5 37.78 48.89 51.11 40.00 3&. 37.78 46.67 42.22 37.78 33.33 41.11

B-PG-20 40.00 33.33 18.33 21.67 33.26.67 30.00 36.67 28.33 16.67 27.50
B-COM-20 23.33 26.67 28.33 25.00 40. 60.00 55.00 38.33 36.67 21.67 35.50

C-PG-5 48.50 53.20 56.12 58.30 59.3@.92 55.92 53.44 56.12 46.74 54.26
C-COM-5 49.76 50.90 51.10 42.06 40. 39.40 41.40 42.00 37.10 30.60 42.49

C-PG-20 47.42 43.42 42.50 40.17 @8.45.67 48.08 46.00 46.50 51.33 45.12
C-COM-20 55.65 55.10 54.42 53.35 85. 57.22 54.30 49.35 49.55 42.23 52.66

column 2 of Table 6 show that framing has no main effect on cooperation. The differ-
ence between cooperation in the public-good fraife= 44.57%) and cooperation in

the common-resource franj@/ = 42.94%) is insignificant(F'(1,72) = 1.078 p =
0.3026. Though we find no main effect of framing on cooperation, the interaction
between framing and gup size is significantF'(1,72) = 35.986, p < 0.0001). We
therefore decompose the three factors (fragngroup size, and the contribution mech-
anism) to determine which ones differ sifjoantly. We find that in groups of five with
binary contributions, subjects in the pubfood frame were significantly more coop-
erative than subjects in the common-resource frafd, 18) = 10.78, p = 0.002).

This result is consistent with that ob8nemans, Schram, and Offerman (1998). Co-
operation was still signifantly higher in the public-good frame than in the common-
resource framgF'(1,18) = 14.09, p < 0.001) under the continuous contribution
mechanism if group size remained at five. However, as the group size increased to
twenty, cooperation was instead signifitgrhigher in the common-resource frame
than in the public-good frame under both the binéFy(1,18) = 6.52, p = 0.013)

and continuous contribution mechanis(#g(1, 18) = 5.8, p = 0.019). Observation

1 summarizes thesenfilings as follows:

Observation 1  Framing has no main effect on cooperation, while the interaction
with group size is significant. Specifically, in groups of five cooperation was higher
in the public-good frame than in the commmsource frame when the group size was

13
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five, whereas in groups of twenty coopgoa was higher in the common-resource
frame than in the public-good frame, reglasb of the contribution mechanisms.

Observation 1 suggests that subjects iougps of different sizes behaved differ-
ently. Subjects in small groupsederred actively giving to gssively not-taking, while
subjects in large groups instead prefernad-taking to giving, regardless of whether
or not giving and taking were in arl-@r-nothing or a continuous manner.

We then look at how group size affects cooperation. The ANOVA results of col-
umn 2 in Table 6 exhibit a significant nmaeffect of group size: subjects in groups
of five (M = 47.32%) were significantly more cooperative than subjects in groups of
twenty (M = 40.20% F'(1,72) = 20.65, p < 0.0001). Furthermore, the interac-
tion effects between group size and framiifg(1, 72) = 35.986 p < 0.0001) and
group size and the contribution mechanisf(1, 72) = 23.746, p < 0.0001) are also
significant. Observation 2 illustrates these results:

Observation 2  On average, subjects in groups of five were more cooperative than
subjects in groups of twenty, and this main effect of group size is qualified by the
significant interactions between grougesiand framing and between group size and
the contribution mechanism.

We finally examine the effect of the contribution mechanisms on cooperation. The
ANOVA results show that the main effect is significant: subjects in experiments with
continuous contributionsM = 48.63%) were more cooperative than subjects in ex-
periments with binary contributions\/ = 38.88% F'(1,72) = 3875, p < 0.0001).
Furthermore, as indicated above, there dssignificant interdmn between the con-
tribution mechanism and group size, whilestimteraction between the contribution
mechanism and framing is insignificaf¥'(1, 72) = 0.095 p = 0.759). Therefore,
the effect of the contribution mechanisms on cooperation relies on the main effect of
the contribution mechanisms as well as thetattion with group sizes, but not frames.
Further investigation shows that coop@wa was higher under the continuous contri-
bution mechanism than under the binary cimition mechanism when the group size
was twenty, while no difference bet&n these two mechanisms was found to exist
when the group size was five, regardless of the fraride therefore state Observation

" For groups of five, cooperation under the continuous contribution mechanism did not differ sig-
nificantly from cooperation under the binary cohtriion mechanism, in both the public-good frame
(F(1,18) = 0.83, p = 0.365 and the common-resource framig(1,18) = 0.19, p = 0.661). For
groups of twenty, cooperation was significantly higheder the continuous contribution mechanism than
under the binary contribution mechanism, in both the public-good fi@ngé, 18) = 31.6, p < 0.0001)
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3 below:

Observation 3  Continuous contributions signifindly raised cooperation in groups
of twenty, regardless of the frame.

Observation 2 suggests that cooperatios Wigiher in small groups than in large
groups, regardless of the contribution metlaidpted. This result may be attributable
to subjects’ perceptions that they were more pivotal in small groups than in large
groups, and being pivotal induced more cdmitions since contributions would be less
likely to be wasted. Of course, if subjectsried out to be less pivotal, then wastage
would be larger with binary contributionsah with continuous contributions. In a way
that is quite consistent with Observation@pservation 3 suggests that subjects were
more willing to cooperate if they could take or give in a continuous manner instead of
a binary way, but only when they were in large groups.

Observation 3 can be regarded as a complementary result to the finding in Cadsby
and Maynes (1999). In threshold public gooaperiments involving the ten-person
groups, they found that permitting continuaasher than binary contributions signif-
icantly raised contributions. Since theogp size used in their study was somewhere
between the group sizes used in this paper, we may conjecture, at least in relation to
the provision of public goods, that the contribution mechanisms have no effect on co-
operation in small groups. However, pettinig continuous contributions rather than
binary contributions induces more cobtitions as the size of the groups increases to
a certain level.

4.2 The effects of framing, group size, and the contribution mechanism
on complete free-riding incentives

It may be interesting to ask how often subfeatiopted the complete free-riding strat-
egy. We begin by examining the effect of framing on the incentive to completely free
ride. As shown in Table 2, completee&-riding in all ten rounds was higher in B-
COM-5 than in B-PG-5 and the differen@egas more salient between C-COM-5 and
C-PG-5. As the group size increased to ttyesubjects in B-COM-20 completely free
rode more than subjects in B-PG-20 in only the first two rounds, and then the reverse
trend occurred starting with round thre&/hen the contributins were continuous,
complete free riding was also higher in C-PG-20 than in C-COM-20 except in the final
round.

and the common-resource fraff(1, 18) = 29.99, p < 0.0001).
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Table2 Percentage of Subjects Contributing Zero to the Public Account

Round
Experiment 1 2 3 4 5 6 7 8 9 10 Al
B-PG-5 54.00 40.00 46.00 54.00 52.G1RL.00 42.00 48.00 50.00 56.00 48.60
B-COM-5 62.22 51.11 48.89 60.00 @&4. 62.22 53.33 57.78 62.22 66.67 58.89

B-PG-20 60.00 66.67 81.67 78.33 88. 73.33 70.00 63.33 71.67 83.33 72.50
B-COM-20 76.67 73.33 71.67 75.00 60. 40.00 45.00 61.67 63.33 78.33 64.50

C-PG-5 14.00 10.00 16.00 10.00 6.0®.00 12.00 14.00 14.00 24.00 13.00
C-COM-5 20.00 20.00 24.00 32.00 88. 40.00 40.00 36.00 44.00 54.00 34.80

C-PG-20 10.00 20.00 23.33 28.33 @0.28.33 30.00 28.33 26.67 26.67 25.17
C-COM-20 3.33 6.67 13.33 15.00 3 11.67 18.33 23.33 20.00 26.67 14.67

The ANOVA results in column 3 of Table 6 indicate only a moderate main effect
of framing: on average 43.22% of subjeittthe common resources experiments took
all from the Public Account, while on average 39.82% of subjects in the public goods
experiments gave nothing to the Public Accoght(1,72) = 3.425 p = 0.068).
However, the main effect of framing was qualified by a salient interaction effect be-
tween framing and group siZé’'(1,72) = 47.468 p < 0.0001). Further investiga-
tion shows that in groups of five with binary contributions, subjects in the common-
resource frame completely free rode madhan subjects in the public-good frame
(F'(1,18) = 7.85, p = 0.007). Notice that this result can also be inferred from the ef-
fect of framing on cooperation in Subsectiod 4since complete free-riding is simply
the opposite of cooperation when contribusare binary. Complete free-riding was
also significantly higher in the commons@irce frame than irhe public-good frame
(F(1,18) = 3526, p < 0.0001) under the continuous contribution mechanism if
group size remained at five. As group size increased to twenty, however, complete free-
riding was instead significantly higher in the public-good frame than in the common-
resource frame when contributions were binéfy(1,18) = 4.75, p = 0.033) and
when contributions were continuo@$'(1,18) = 8.18 p = 0.006). We illustrate
these results in Observation 4:

Observation 4  Framing has no main effect on the incentive to completely free ride,
while its interaction with group size is significant. Specifically, in groups of five com-
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plete free-riding was higher in the conomresource frame than in the public-good
frame, while the opposite was found in groups of twenty, regardless of the contribu-
tion mechanism.

Observation 4 says that subjects in small groups were more willing to take all
than to give nothing, while subjects in l&groups preferred instead passive giving-
nothing to the more aggressive taking-algaedless of whether giving and taking were
binary or continuous. We can see that Olaéion 4 is quite analogous to Observation
1. Combining these two observations indicates that subjects acted aggressively when
they were in small groups, but they would instead behaved more gently if they were in
large groups.

We now look at the effects of group size and the contribution mechanism on
the incentive of complete free-riding. The ANOVA results in column 3 of Table 6
show a significant main effect of group size: subjects in groups of five= 38.82%)
completely free rode less than subjects in groups of twehty= 44.21% F'(1,72) =
8.609, p = 0.0045. This main effect is qualified by hinteraction effects between
group size and framingF'(1,72) = 47.468 p < 0.0001) and group size and the
contribution mechanisniF'(1,72) = 26.056, p < 0.0001). Finally, the ANOVA
results show that the continuous contribautimechanism had the most salient effect
in terms of alleviating the incentive to completely free ride: complete free-riding was
significantly lower with continuous contributior{d/ = 21.91%) than with binary
contributions(M = 61.12% F'(1,72) = 456358 p < 0.0001). Further examination
shows that this effect held in both frames and in both contribution mechafises.
summarize these results in Observations 5 and 6.

Observation5 On average, subjects in groups of five completely free rode less than
subjects in groups of twenty, and this main effect of group size was qualified by the
significant interactions between grougesiand framing and between group size and
the contribution mechanism.

Observation 6  The continuous contribution mechiam substantially alleviated the
incentive to completely free ride, in both group sizes and in both frames.

8nthe public-good frame, complete free-riding wagngicantly lower with continuous contributions
than with binary contributions in groups of fiyg'(1,18) = 94.03, p < 0.001) and in groups of
twenty (F(1,18) = 16623, p < 0.001). In the common-resource frame, complete free-riding was
also significantly lower with continuous contributions than with binary contributions in groups of five
(F(1,18) = 43.05, p < 0.001) and in groups of twentyF'(1, 18) = 184.25, p < 0.001).
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The literature of voluntar contribution mechanisms generally considers greed
and fear as two main motivations for defection. We can see how greed and fear occur in
a climate with a threshold. Grdeakes place if one expects that sufficient contributions
will be made by others and therefore there is no need for the subject to contribute. If
instead (s)he expects that contributions made by others will be insufficient, then the
motivation of fear will also presnt him/her from contributing.

Observation 5 suggests that the motivations of greed and fear are more intense in
large groups than in small groups. As mentioned previously, subjects might perceive
themselves as being more pivotal in small groups than in large groups. If this percep-
tion holds, then whether or not the motivations of greed and fear exist in small groups
is ambiguous, since these two motivationd yeiopardize successful provisions when
a subject is pivotal. By contrast, an indivial subject in large groups might account for
his contributions as only a negligible sharetotal contributions (greed) or feel afraid
of insufficient contributions (fear), and ttreby choose not to contribute. However,
as suggested by Observation 6, permittingtthuous contributions rather than binary
contributions can alleviate the motivati® of greed and fear, even in large groups.

4.3 Threshold Nash Equilibria, Provision, and Welfare Levels

As introduced in Section 2, there are two tgpd Nash equilibria in the threshold pub-

lic goods/common resources games. One ictmplete free-riding Nash equilibrium
and the other consists of threshold Nash Bopi@, which are also Pareto efficient.
Because the complete free-riding Nash &ftium seldom occurs in all experiments,
here we focus only on the threshold Nash equilirids also discussed in Section

2, although the threshold Nash equilibriz @ine only equilibria satisfying Pareto effi-
ciency, the equilibria in which groumatributions exceed the threshold improve upon
the equilibria in which group contributionslfahort of the threshold. We therefore ask
how often the public good/common resource is provided and report the level of social
welfare in each experiment.

Table 3 reports the percentage of growggse group contributions exactly mat-
ched the threshold. Observe first that threshold Nash equilibria were reached most
frequently in B-PG-5 and B-COM-5. nI B-PG-5 each group on average reached
the threshold Nash equilibria 34% of the time, and in B-COM-5 this magnitude was
28.89%. The threshold Nash equilibriad@in occurred in the remaining experiments,

% The data are available from the author upon request.
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Table3 Percentage of Groups Matching the Threshold Nash Equilibria

Round
Experiment 1 2 3 4 5 6 7 8 9 10 Al
B-PG-5 30.00 30.00 50.00 20.00 40.(RD.00 40.00 60.00 30.00 10.00 34.00
B-COM-5 11.11 44.44 33.33 22.22 33 22.22 33.33 44.44 33.33 11.11 28.89

B-PG-20 0.00 0.00 0.00 0.00 0.00 33.33 0.00 33.33 0.00 0.00 6.67
B-COM-20 0.00 0.00 0.00 0.00 @ 33.33 33.33 33.33 0.00 0.00 10.00

C-PG-5 0.00 10.00 0.00 20.00 0.0#0.00 10.00 20.00 0.00 20.00 10.00
C-COM-5 10.00 0.00 0.00 30.00 4m 10.00 20.00 30.00 30.00 30.00 20.00

C-PG-20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 33.33 0.00 3.33
C-COM-20 0.00 0.00 33.33 0.00 Gn 0.00 0.00 0.00 0.00 0.00 3.33

especially in C-PG-20 and C-COM-20, inhieh the threshold Nash equilibria were
reached only once by only one group.

We now examine the effects of framingogip size, and the contribution mecha-
nism on the achievement of threshold Rasgjuilibria. The ANOVA results in column
4 of Table 6 report that group size and the contribution mechanism had significant
main effects: the threshold Nash equilébwere reached significantly more often in
groups of five(M = 23.22%) than in groups of twentyM = 5.83% F'(1,72) =
36.795 p < 0.0001), and the threshold Nash equilibrwere achieved significantly
more frequently under the binary contribution mechanigrth = 19.89%) than un-
der the continuous corbution mechanisn{M = 9.17% F'(1,72) = 13.987, p =
0.0004). The interaction between group sizedghe contribution mechanism was also
significant(F'(1,72) = 3.984 p = 0.0497). By contrast, framing had neither a main
effect nor interactions with group size dret contribution mechanism. We summarize
these findings in Observation 7:

Observation 7 On average, threshold Nash edoila were reache significantly
more often in groups of five than in groups of twenty, and were reached significantly
more often with binary contributions thantiicontinuous contributions. Framing had
no effect on reaching the threshold Nash equilibria.

Observation 7 suggests that large grsiges and a continuous contribution mech-
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Table4 Percentage of Groups Providing the Public Good/Common Resource

Round
Experiment 1 2 3 4 5 6 7 8 9 10 Al
B-PG-5 40.00 70.00 70.00 40.00 50.00 50.00 60.00 70.00 50.00 30.00 53.00
B-COM-5 22.22 5556 55.56 33.33 44.44 33.33 44.44 4444 33.33 22.22 38.89

B-PG-20 0.00 0.00 0.00 0.00 0.00 33.33 0.00 33.33 0.00 0.00 6.67
B-COM-20 0.00 0.00 0.00 0.00 0.00 66.67 66.67 33.33 33.33 0.00 20.00

C-PG-5 10.00 40.00 60.00 50.00 50.00 50.00 60.00 60.00 70.00 40.00 49.00
C-COM-5 30.00 30.00 40.00 50.00 50.00 50.00 40.00 50.00 50.00 40.00 43.00

C-PG-20 0.00 0.00 0.00 0.00 33.33 33.33 66.67 33.33 66.67 33.33 26.67
C-COM-20 33.33 33.33 33.33 33.33 0.00 33.33 66.67 33.33 66.67 33.33 36.67

anism seemed to induce either unnecessamufiicient contributions or both. Table
4, which reports the percentage of groypsviding public goods/common resources,
indeed verifies the fact that unnecessary contributions existed in most experiments. By
comparing Table 4 with Table 3, we observe first that (except in B-PG-20) subjects in
all other experiments contributed more nthne threshold. Furthermore, continuous
contributions seemed to induce more wastebntributions than did binary contribu-
tions. With continuous contributions, onexage 39% of groups made contributions
to the public good that exceed the threshold in C-PG-5 and this magnitude was 23%
in C-COM-5. Over-contribution remained above 20% even for groups of twenty: on
average 23.33% of the groups in C-PG-20 and 33.33% of the groups in C-COM-20
over-contributed to the public good or the common resource. Under the binary contri-
bution mechanism, by contrast, on awgga 9% of the groups contributed more than
enough to the public good in B-PG-5. Timember dropped to only 10% in B-COM-5
and B-COM-20, and contributions never exceeded the threshold in B-PG-20.

We shall now look at Table 4 specifically. Notice that public goods or common
resources were quite often provided siwesfelly for groups of five. On average, pub-
lic goods were successfully provided abdadf of the time in B-PG-5 and C-PG-5,
and common resources survived about 40% of the time in B-COM-5 and C-COM-5.
Public goods or common resources were preditess frequently for groups of twenty,
especially in B-PG-20, in which the publgood was provided on only two occasions
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in all ten rounds.

The ANOVA results in column 5 of Table 6 indicate that both group size and
the contribution mechanism had significant main effects: public goods and common
resources were provided more successfully in groups of(fife= 45.97%) than in
groups of twenty M = 22.50% F'(1,72) = 32.329, p < 0.0001), and were provided
more successfully under the camibus contribution mechanisf/ = 38.84%) than
under the binary contribution mechanigm/ = 29.64% F'(1,72) = 4.961 p =
0.0291). The interaction between group sizedghe contribution mechanism was also
significant(F'(1,72) = 4.9, p = 0.03). By contrast, framing had no main effect, but it
had a significant interaction in relation to group si#&1, 72) = 6.922 p = 0.0104).
However, further examination showed that the frequencies of the successful provision
of the public good did not differ significantly from those with regard to the common
resource for both group sizes, under baih binary and continuous contribution mech-
anismst® We therefore derive Observation 8 below:

Observation8 Small group sizes and the continuous contribution mechanism helped
provide public goods and common resources.

Observation 8 suggests that continuous bations and small group sizes fa-
cilitate the provision of public goods/canon resources. The reason for this is that
permitting continuousontributions gives the group a cooperative outcome which can
be accomplished by means of symmetric cimitions. Likewise, providing public
goods/common resources in small groups si¢fie group focus on symmetric contri-
butions or narrows down the set of both contributors and non-contributors.

We now turn to explore the level of social welfare in each experiment. Bag-
noli and McKee (1991) also conducted experiments on voluntary provisions of public
goods under a threshold setting, but assuimetktad that there was a refund if group
contributions fell short of the threshol@hey defined social welfare as the sum of all
group members’ valuations of the pubtiood/common resource plus group endow-
ments minus group contributions. If the public good failed to be provided, then social
welfare consisted simply of group endowntegince all contributions were returned.
Here we follow Bagnoli and McKee’s (1991) definition of social welfare, but point out

10 For groups of five, the successful provision of the public good did not differ from the successful
provision of the common resource under both the bi{dyl,18) = 2.92, p = 0.092) and continu-
ous contribution mechanisn{g'(1,18) = 0.53, p = 0.47). No framing effect was found for groups
of twenty under the binaryF'(1,18) = 2.61, p = 0.111) or continuous contribution mechanisms
(F(1,18) = 1.47, p = 0.23), either.
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Table5 Welfare Levelsper Group (in points)

Round
Experiment 1 2 3 4 5 6 7 8 9 10 Total
B-PG-5 870 1,250 1,280 870 1,010 970 1,110 1,290 1,000 730 10,380

B-COM-5 644 1,089 1,078 800 989 811 933 956 811 667 8,778

B-PG-20 1,200 1,333 1,633 1,567533 3,467 1,400 3,267 1,433 1,667 18,500
B-COM-20 1,533 1,467 1,433 1,5002D0 4,800 4,900 3,233 3,267 1,567 24,900

C-PG-5 408 834 1,119 959 954 975 1,120 1,133 1,269 866 9,637
C-COM-5 701 696 845 1,040 1,047 1,053 893 1,040 1,065 947 9,325

C-PG-20 1,052 1,132 1,150 1,197198 3,087 5,038 3,080 5,070 2,973 26,977
C-COM-20 2,887 2,898 2,912 2,933 89,856 4,914 3,013 5,009 3,155 31,468

that because refunds are not allowed in experiments, social welfare would equal
group endowments minus group contrilous if the provision were unsuccessful.

Table 5 reports the average welfare levels per group in each experiment. Notice
that the maximum welfare level for experiments involving the five-person groups was
1,700 points and that for experiments inviolg the twenty-person groups was 6,800
points. The maximum average welfare level per subject, which was equal to the max-
imum group welfare level divided by the group size, was 340 points for both sizes of
groupstt

The first thing to note is that welfare levels per round were far lower than the max-
imum welfare level, especially in experimis involving the twenty-person groups, in
which welfare levels were often below half of the maximum welfare 1&eThese
results sharply contrast with those iagholi and McKee (1991). They found in exper-
iments involving the five-person groups that the maximum welfare level was reached
quite successfully within the entire fourteen rounds, and that the maximum welfare
level was reached as much as 99% of the time within the last five rounds. In experi-
ments involving the ten-person groups, thaximum welfare level was also reached in

in experiments with binary contributions, the maximum earnings a subject could earn totaled 400
points.

12 Even when looking at individual groups, welfaredés per round were still often below the maximum
welfare level. The data on welfare levels associated with each individual group are available from the
author upon request.
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Table6 The ANOVA Results of the Effects of Framing, Group Size, and the
Contribution Mechanism on Cooperation, Complete Free-Riding
I ncentives, the Achievement of Threshold Nash Equilibria, the Pro-
vision of Public Goods’‘Common Resour ces, and Welfare Levels

Source of Cooperation Complete | Threshold Provision of | Social
Variation (2 Free-Ridingl Nash | Public Goodg Welfare
(1) Incentives | Equilibria| or Common (6)
3) 4) Resources
(5)
Main Effects
. A 1.078 3.425 0.514 0.038 0.118
rame (A) (0.3026) | (0.0683) | (0.4758)| (0.8459) | (0.7323)
roun Sive (B 20.650 8609 | 36.795 32.329 29.483
roup Size (B) (0.0000) | (0.0045) | (0.0000) | (0.0000) | (0.0000)
Contribution 38.750 456.358 13.987 4,961 2.375
Mechanism (C) (0.0000) | (0.0000) | (0.0004) | (0.0291) | (0.1277)
Interaction Effects
35.986 47.468 0.018 6.922 3.967
AB (0.0000) | (0.0000) | (0.8926)| (0.0104) | (0.0502)
0.095 1.506 1.056 0.084 0.118
AC (0.7590) | (0.2237) | (0.3077)| (0.7731) | (0.7323)
23.746 26.056 3.984 4.900 2.904
BC (0.0000) | (0.0000) | (0.0497) | (0.0300) | (0.0927)
0.026 3.642 2.588 0.481 0.571
ABC (0.8712) | (0.0603) | (0.1120)| (0.4904) | (0.4524)

The numbers at the top of each entry depict khstatistics,F'(1, 72), with the P-values
in parentheses. These two numbers are in Haliki effect of the source(s) is significant
beyond the: < 0.05 significance level.

the later rounds. These contrasts confirm Bagnoli and McKee’s (1991) conclusion that
the provision of refunds in threshold pubtjipods games significantly raised welfare

levels.

We shall now look at the effects of fr@ng, group size, and the contribution
mechanism on welfare levels. Since group size differs across experiments, we first
scale the welfare levels reported in Table 5 by dividing them by the group size in order
to obtain the welfare levels for each subject. The ANOVA results in the last column of
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Table 6 show that only group size has a significant main effect: the welfare levels per
subject were significantly higher in groups of fivé/(= 191 points) than in groups

of twenty (M = 127 points;F'(1,72) = 29.483 p < 0.0001). Neither framing nor

the contribution mechanism had a significant main effect on welfare levels. We also
find that the interaction between framing and group size was marginally significant
(F(1,72) = 3.967, p = 0.0502. However, further investigation reveals that no fram-
ing effect existed within either the groups of five or the groups of twenty, regardless
of the contribution mechanismg. Furthermore, no significant interactions between
framing and the contribution mechanismogp size and the contribution mechanism,
and framing, group size, and the conttibm mechanism were found. We illustrate
these findings in Observation 9 as follows:

Observation 9  Welfare levels were significantly higher in groups of five than in
groups of twenty. Neither framing nor themtribution mechanism had a significant
effect on welfare levels.

Contrasting Observations 8 and 9 showat ttven though the continuous contribu-
tion mechanism facilitates provision, it fi@o significant advantages over the binary
contribution mechanism in terms of achiey higher welfare levels. The reason for
this is that the continuous contribution mechanism induced more over-contributions
than did the binary contribution mecham, and under the no-refund design these
over-contributions were simply wasted. Bgntrast, forming s@l groups remains an
effective approach in both the provisiof public goods/common resources and the
achievements of social welfare.

S. CONCLUSIONS AND POLICY IMPLICATIONS

In this study, we conducted threshold pialgoods and common resources experiments
to examine the effect of framing, group size, and the contribution mechanism on sev-
eral issues, including cooperation, the incentive to completely free ride, the attainment
of threshold Nash equilibria, the proioes of public goods/common resources, and

13 For groups of five, welfare levels in the public-good frame did not differ significantly from welfare
levels in the common-resource frame under both the bif&(iL, 18) = 1.89, p = 0.174) and contin-
uous contribution mechanisn($’(1, 18) = 0.08, p = 0.784). No framing effect was found for groups
of twenty under the binaryF'(1,18) = 1.89, p = 0.174) and continuous contribution mechanisms
(F(1,18) = 0.92, p = 0.34), either.
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welfare levels. Our experimental evidence shows that group size has a significant
main effect in all respects. By contrast, framing has no main effect in any respect,
but exhibits an interaction effect with group size in relation to almost all of the issues
above. Permitting continuous contribaris, on the other hand, has the most salient
effect of minimizing the incentives to completely free ride.

Though framing is found to have no main effgits significant interactions with
group sizes indeed provide some evidenteeiation to human behavior. Our exper-
imental results show that subjects in theefperson groups were more cooperative in
the public-good frame than in the common-resource frame, under both the binary and
continuous contribution mechanisms, while the opposite was found to be the case for
subjects in the twenty-person groups. Thiglfng suggests that subjects preferred ac-
tively giving to passively not-taking wimethey were in small groups, while in large
groups they simply preferred to do the opposite. An analogous result shows that in the
five-person groups complete free-riding sMaigher for the common-resource frame
than for the public-good frame, while in the twenty-person groups the outcome was
reversed. This result also indicates thabjgects in small groups were more aggres-
sive, preferring the active taking-all the passive giving-nothing, while subjects in
large groups preferred the opposite, whigas giving nothing. By combining these
evidences we see that subjects behaved mggeessively in small groups than in large
groups.

The experimental results from this paeve some implications on the provision
of public goods and common resources. Rethdt threshold Nash equilibria are
the only equilibria that satisfy Pareto efficiency. If the policy-makers’ objective is
to attain Pareto efficiency, then framing the problem of the collective provision of
public goods/common resources in a givere or a take-some context has no effect
on achieving this goal. By contrast, piding public goods or common resources in
small groups is the most effective way of attaining the Pareto efficient outcome.

Because it is not easy to reach threshold Naglilibria, policy-makers may alter-
natively maximize the level of social welfare, and indeed social welfare maximization
is often an objective adopted in the public romics literature. Our experimental evi-
dence shows that only group size has a mdiecton welfare levels; neither framing
nor contribution mechanisms have arffeet. Therefore, providing public goods or
common resources in small groups is still the most effective way of maximizing social
welfare.
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