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1 Introduction1

When people cooperate to produce output, oftentimes they must defend the value of their2

output from thieves. One example is a CPR: fishing collectives often restrict appropriation3

to produce higher stocks of fish, but must also deter poachers from stealing the stock.1 The4

problem also extends to theft of the value of public goods. A residential community that5

invests in a community public good like a clubhouse (or a park or a swimming pool) might6

have trouble keeping outsiders from accessing the good. Another example is cybertheft7

of donations to charities. According to a report by the U.S. Department of Commerce,8

cybersecurity investments by the nonprofit industry are only 9.3 percent of total spending,9

compared to 19.9 percent among for-profits (Rowe et al., 2013). A recent study by the British10

government on cybersecurity in 2018 estimates three in ten charities allow individuals to11

make monetary donations, and hacks on these charities are fairly common. About 19% of12

smaller charities are targeted, with the number rising to about 73% of larger charities that13

have incomes of five million pounds or more (Finnerty et al., 2018).14

In both settings, theft could have an ambiguous effect on surplus creation. On the one15

hand, insiders will be unmotivated to create surplus if they cannot defend it. On the other16

hand, insiders could rally around the shared cause of deterring outsiders. Moreover, it is17

unknown if insider coordination depends on whether actions confer positive externalities, in18

the case of a PG, or negative externalities, in the case of a CPR.2 There is mixed evidence19

to suggest that externalities impact cooperation with no outsiders (Cartwright, 2016). How20

insiders respond to an outside threat in different social dilemmas remains an open question.21

This paper studies how groups create and defend surplus when actions generate positive22

or negative externalities. We introduce a theoretical model of surplus creation and defense.23

We then use an experiment aimed at separating the effects of an external threat on surplus24

creation and defense. Our design is an extension of Kingsley and Liu (2014) (itself an25

extension of Apesteguia and Maier-Rigaud (2006)) in which we add the threat of theft by26

outsiders. In our controls, a group of four insiders provide a PG or manage a CPR without27

risk of theft. In our treatments, we introduce a group of two independent outsiders who28

observe the actions of the insiders and choose whether to take some or all of their surplus.29

Insiders could attempt to deter the outsiders using costly sanctions.30

1Many studies discuss CPRs managed and defended by fishing collectives known as Territorial User
Rights Fisheries (Gelcich et al., 2010; Deacon, 2012; Muchapondwa et al., 2014; Afflerbach et al., 2014).

2In this paper we assume that defense is a public good and thus generates only positive externalities. In
reality, defense can produce positive or negative externalities. For example, in cybersecurity, actions taken
to deter criminals can confer positive externalities, such as when protection of one server protects other
computers connected to it. On the other hand, deterrence can confer negative externalities, such as when a
firewall diverts attacks to networks with less protection (Rosenzweig, 2011).
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Our main finding is a divergence in surplus creation and surplus defense between the1

CPR and PG settings. In our theft treatments, CPR insiders created more surplus, while2

theft had no effect on surplus creation in the PG setting. With respect to surplus defense,3

our analysis looked at the extensive margin of sanctions (whether an insider sanctioned an4

outsider or not) and the intensive margin (the level of sanctions by an insider). We were5

particularly interested in a relationship between creating surplus and defending it. On the6

extensive margin, we found no significant relationship. However, on the intensive margin,7

we found that CPR insiders were more likely than PG insiders to contribute larger sanctions8

when they created more surplus. Nevertheless, sanctions in both settings did not eliminate9

all the gains from theft, and as a result, did not have a significant effect on outsider behavior.10

Our main contribution is to the literature on social dilemmas and environmental pro-11

tection. A prevailing assumption in the experimental literature on social dilemmas, going12

back to the seminal work of Ostrom et al. (1992), is that the gains from cooperation are13

self-contained. Schmitt et al. (2000) were the first to relax this assumption. They stud-14

ied poaching of a CPR in an experimental setting, and found that the threat of poaching15

decreased insider coordination. However, the authors did not allow insiders to deter the16

outsiders, and therefore did not address the trade-off insiders make between coordinating17

their harvest decisions and defending the resource.18

De Geest et al. (2017) were the first to run a CPR experiment with poaching and deter-19

rence. Unlike this paper, which focuses on the effect of externalities on decentralized defense,20

De Geest et al. (2017) focused on the effect of monitoring. The authors included a group of21

outsiders who could poach a resource managed by a group of insiders. The insiders could22

deter the outsiders with sanctions. Monitoring of outsiders was varied across treatments,23

while insiders were able to perfectly monitor and sanction each other. The authors found24

a non-monotonic effect of monitoring on insider welfare. Insiders maintained stable levels25

of harvest across treatments, but sanctions on outsiders and insiders led to lower insider26

efficiency in a limited monitoring treatment compared to a no-monitoring treatment. While27

insider efficiency improved in a full monitoring treatment, insiders were unable to coordinate28

their efforts sufficiently to completely deter poaching. To see if insider coordination would29

improve with help from a central authority, Chávez et al. (2018) ran experiments in the lab30

(with Chilean university students) and in the field (with Chilean artisanal fishers) that varied31

how insiders managing a CPR could monitor outsiders poaching the CPR, with and without32

a contribution to monitoring by a central authority. The authors found that monitoring by33

the central authority in the first treatment reduced poaching compared to a no-monitoring34

baseline. However, insiders were again unable to coordinate investments in monitoring to35

completely deter outsiders, with and without the central authority’s contribution to moni-36

2
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toring.. Our results underscore these findings by providing further evidence of the need for1

providing insiders with effective coordination mechanisms to deter outsiders.2

This paper is also motivated by the literature on cooperation and framing effects in PG3

and CPR games. Andreoni (1995) first proposed a “cooperation divergence” after finding4

higher levels of cooperation in PG games (positive externalities) versus CPR games (negative5

externalities). The divergence was interpreted as a behavioral anomaly: subjects preferred6

conferring benefits onto group members (“warm glow”) than avoiding costs (“cold prickle”).7

Ensuing work seemed to corroborate this interpretation, including Cookson (2000) Park8

(2000),Cox and Stoddard (2015), and Cox (2015). Howerver, a recent review of this literature9

by Cartwright (2016) suggests the evidence is more mixed, as some papers pit PG games10

against “negatively framed” PGs rather than CPR games. The difference is that a CPR is11

rival, but a negatively framed PG is not.312

In line with the view that PG and CPR games are not two sides of a prisoner’s dilemma13

coin, Apesteguia and Maier-Rigaud (2006) point out that the role of rivalry in dividing the14

surplus implies that PG and CPR games are distinct because equilibrium levels of effort are15

not equivalent. Games can be equivalent on two dimensions: strategic equivalence (identi-16

cal best-response functions) and payoff equivalence (identical payoffs from best-responses)17

(Chowdhury and Sheremeta, 2015). The games in Andreoni (1995) are both payoff equiv-18

alent and strategically equivalent – both games generate identical best-responses and thus19

identical payoffs, because the only difference is how the payoff function is framed. In con-20

trast, Apesteguia and Maier-Rigaud (2006) conduct a PG vs CPR experiment that varies21

the rivalry of the CPR game and thus the degree to which the CPR and PG games mir-22

ror each other. These games are strategically symmetric in that they share the same social23

optimum and the symmetric Nash equilibria are equidistant from the social optimum. The24

authors found that subjects were sensitive to changes in rivalry, leading to different invest-25

ment decisions but identical payoffs, and thus qualitatively similar behavior. Kingsley and26

Liu (2014) refined this experiment by explicitly informing subjects the externality implica-27

tions of their investment decisions on the payoffs of others, just like Andreoni (1995). The28

authors found that giving subjects this information did not change the results of Apesteguia29

and Maier-Rigaud (2006), which is why we chose this framework as a control.30

Finally, in addition to examining differences in average behavior between the PG and31

3Cartwright (2016) classifies studies like Andreoni (1995) under “positive-negative framing” because
they emphasize the positive or negative externalities of subjects contributing or not contributing to a public
account. Subjects begin with empty private and public accounts and are asked how much of their endowment
they wish to allocate to each one. Underscoring the fact that rivalry is not in play in the negative-frame
treatment, the instructions to Andreoni (1995) state: “The other members of your group are not affected by
your investment in the group exchange.”

3
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CPR with theft, we also explored the consistency of our results. Interestingly, we found1

that theft increased the dispersion of behavior within groups in both settings, and we note2

substantial variation in aggregate decisions between groups. Therefore, our results also3

underscore the importance of understanding the consistency of outcomes in these games.4

The rest of the paper proceeds as follows. In Section 2 we present our theoretical model5

and experiment design. We summarize the results of our experiment in Section 3. Section 46

concludes.7

2 Design & procedures8

2.1 Theoretical model9

In this section we outline theoretical models of insiders who play a social dilemma with10

negative or positive externalities. The games have three stages. In the first stage, insiders11

make an investment that is either a contribution to a public good or harvest from a common12

pool resource. These activities produce a surplus for the group. Outsiders observe this13

surplus and choose whether to steal some portion of it. After observing the behavior of14

the outsiders, insiders then decide whether to punish individual outsiders. Since we were15

interested in exploring differences in insider behavior when actions generate either positive16

or negative externalities, theft in both the PG and CPR settings refers to stealing the surplus17

created by the insiders.418

Insiders choose between investing in a private good with a fixed return or contributing

to a public good (+) or extracting from a CPR (−). We use plus and minus signs to signify

that the actions of an insider impose positive and negative externalities on the other insiders,

respectively. Following Apesteguia and Maier-Rigaud (2006), let the payoffs to the public

good (π+
hi) and the CPR (π−hi) for insider h in the group of insiders be:

π+
hi = c(ei − ghi) +

1

ni

V (Gi) (1)

π−hi = c(ei − ghi) +
ghi∑ni

h=1 ghi
V (Gi). (2)

In (1) and (2), ei is each insider’s common endowment, ghi is the agent’s investment choice19

(harvest of the CPR or contribution to the PG), c is the fixed return to the private good,20

V (Gi) is the cooperation surplus or the value of collective action defined by V (Gi) =21

4This approach makes our CPR setting different from other studies that investigate deterrence of CPR
poachers (Schmitt et al., 2000; De Geest et al., 2017; Chávez et al., 2018). In these studies, outsiders steal
from the CPR stock instead of the surplus created from harvesting the stock.

4



REVISED MANUSCRIPT (second revision)

a
∑ni

h=1 ghi − b(
∑ni

h=1 ghi)
2, and ni is the number of insiders. Incentives create a tension1

between group interest and self-interest when a > c > b and 0 < b < 1. Note that if we2

impose symmetry, say in the form of a equal-split institution, then π+
i ≡ π−i in the sense3

that the shared output is simply divided equally among insiders, and thus the once-rival4

CPR now becomes a non-rival PG. This captures the idea that the main separation between5

a shared input and a shared output is the degree of rivalry captured by ghi/
∑ni

h=1 ghi.6

We first solve this model for symmetric and noncooperative aggregate values of Gi as-

suming no outsider theft. Solving for the aggregate values of Gi under Nash strategies yields

GN+,D
i =

a− cni

2b
(3)

and

GN−,D
i =

ni(a− c)
b(ni + 1)

, (4)

for the PG and CPR games, respectively. The superscripts N+ and N− denote noncoopera-

tive (Nash) values in the PG and CPR games, respectively, while the D superscript indicates

that there is no outsider theft. The aggregate social optimum for both games is

GS+,D
i = GS−,D

i = GS,D
i =

a− c
2b

, (5)

where the superscripts S+ and S− denote cooperative values in the PG and CPR games,7

respectively. The PG and CPR scenarios are strategically symmetric in that they share the8

same social optimum while their respective Nash equilibria are equidistant in absolute value9

from the social optimum.10

Recent work by Saijo et al. (2017) and Feng et al. (2018) suggests that the Nash equilibria11

in nonlinear CPR and PG games like ours are not locally stable. This instability can cause12

pulsing between low and high group extraction in a CPR game and low and high group13

contributions in PG games. This pulsing behavior, which has been observed in some non-14

linear CPR experiments (e.g., Walker et al. (1990)), can reduce efficiency even as compared15

to the Nash equilibrium. Feng et al. (2018) demonstrate the instability of Nash equilibria16

in a nonlinear PG game and test for pulsing behavior with an experiment. They do not17

find evidence of pulsing behavior, but they do find significant volatility and increasing dis-18

persion of individual contributions. We will apply similar tests to examine the stability and19

consistency of behavior in our experiments.520

5It is important to highlight how our design differs in certain aspects from these studies, namely with
respect to group size and session length. We used groups of four subjects, while Walker et al. (1990) and

5
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2.1.1 Theft1

Now suppose that the surplus created by the insiders is subject to theft by outsiders. Suppose

that the outsiders observe the insiders’ surplus after it is produced and the outsiders then

choose between a private good with fixed return and a second private good with variable

return that depends on the insider surplus. An outsider’s payoff function is the same in both

the PG and CPR environment. Let the payoff to outsider h be

πho = c(eo − xho) + f(xho, V (Gi)) (6)

where f(xho, V (Gi)) = xhowV (Gi) governs the returns to effort xho exerted towards theft

where w ∈ (0, 1) is a constant. All the outsiders have the same endowment eo. Assume for

a moment that outsiders do not face any consequence for taking the insiders’ surplus. Since

an outsider’s payoff is linear in xho, he will either choose to expend all his endowment on

taking the insiders’ surplus or on investing in the fixed-return private good. Maximizing

payoff with respect to effort, the first-order condition for an outsider is

−c+ w(aGi − bG2
i )

≥ 0, if > 0, then xho = eo

≤ 0, if < 0, then xho = 0.
(7)

If this holds as an equality it has a solution in Gi with two roots:

G0
i =

a

2b
−
√
w (a2w − 4bc)

2bw
, G1

i =
a

2b
+

√
w (a2w − 4bc)

2bw
. (8)

The marginal cost and marginal benefit of poaching (c and wV (G) = w(aGi− bG2
i ), respec-

tively) are shown in Figure 1 along with the roots in (8). The parameters we use in our

experiments guarantee that G0
i > 0. Note that V (Gi) reaches a global maximum at a/2b.

Since this value is greater than the socially optimal GS+ = GS−, it is reasonable to assume

that insiders will not collectively choose a level of Gi higher than the level that maximizes

their surplus. Therefore, we can write the outsider’s decision rule as

xho =

0, if Gi ≤ G0
i

eo, if Gi > G0
i ,

(9)

Feng et al. (2018) use groups of eight. In addition, groups in our design played for fifteen periods, while
groups in Walker et al. (1990) and Feng et al. (2018) played for thirty periods.

6
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with payoffs

πho =

ceo, if Gi ≤ G0
i

eow(aGi − bG2
i ), if Gi > G0

i .
(10)

Strictly speaking, an outsider is indifferent between expending his effort poaching the insid-1

ers’ surplus or investing in the private good when Gi = G0
i . However, in (9) and (10) we2

assume that an outsider chooses not to steal from the insiders if he is indifferent between3

poaching and not poaching.4

Gi

c

w(aGi − bG2
i )

G0
i G1

i

Figure 1: Outsider marginal payoffs from stealing the insider surplus

2.1.2 Non-deterrence and deterrence5

Suppose that the insiders can punish individual outsiders after they are observed stealing.6

Assume that insiders have a punishment technology θ that converts a sanction by an insider7

shi into a monetary punishment θshi on an outsider. Since insiders can only punish outsiders8

by reducing their payoffs after they have chosen how much of the insiders’ surplus to take, in9

a one-shot play of the PG and CPR games a punishment threat is not credible. Therefore, in10

a subgame-perfect equilibrium the insiders do not punish and the outsiders are not deterred.11

(This result also obtains in a repeated version of the game with a known fixed ending period).12

Assume that the losses from outsider theft, eowV (Gi), are equally split among the insiders.13

Then, in the PG setting without deterrence, subgame-perfect contributions are the solution14

to15

max
ghi

πhi =

c(ei − ghi) + 1
ni
V (Gi), if Gi ≤ G0

i

c(ei − ghi) + 1
ni
V (Gi)− 1

ni
eowV (Gi), if Gi > G0

i ,
(11)

7
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for each insider h. Insider payoffs reflect the discontinuity at G0
i , as only contributions above1

the threshold induce theft. Similarly, in the CPR setting without deterrence, subgame-2

perfect harvests solve3

max
ghi

πhi =

c(ei − ghi) + ghi
Gi
V (Gi), if Gi ≤ G0

i

c(ei − ghi) + ghi
Gi
V (Gi)− 1

ni
eowV (Gi), if Gi > G0

i ,
(12)

for each insider.4

However, it is possible that the insiders could choose their contributions or harvest deci-5

sions cooperatively to maximize the surplus of the group, despite their inability to deter the6

outsiders. In this case the insiders choose Gi to maximize7

∑
i

πhi =

nicei − cGi + V (Gi), if Gi ≤ G0
i

nicei − cGi + V (Gi)− eowV (Gi), if Gi > G0
i .

(13)

Note that insiders could agree to limit their production of surplus so much that outsiders

are not motivated to steal it. If the insiders decide on contributions or harvests above the

threshold G0
i , despite outsider poaching, their aggregate contributions and harvests are

GS−,ND
i = GS+,ND

i =
a(1− eow)− c

2b(1− eow)
.

(The ND superscript indicates that the insiders do not deter outsider theft). These are8

positive values only if 1− eow > 0, which we assume throughout.9

It is also possible (with repeated plays of the games or with some sort of commitment

mechanism) that insiders can collectively establish a punishment threat that deters the out-

siders. (There is little incentive for individual insiders to unilaterally punish outsiders.) For

example, given Gi ≥ G0
i , and assuming insiders can monitor nm of no outsiders, insiders who

generate a surplus of V (Gi) can fully deter outsiders by collectively imposing a punishment

θ
∑
h

shi ≥
(
no

nm

)
eowV (Gi).

This level of sanctions eliminates all the gains from poaching times the reciprocal of the10

probability an outsider is monitored.6 If the insiders can commit to this punishment scheme11

6It is possible that insiders pursue a punishment strategy that does not fully deter the outsiders. For
example, De Geest et al. (2017) found that insiders only punished high levels of poaching by outsiders in a
CPR environment. Our focus on non-deterrence or complete deterrence in this section is mainly to establish
benchmarks.

8
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the outsiders invest their entire endowment into the fixed-return private good. Moreover,1

aggregate levels of insider harvests or public good contributions Gi are simply (3) and (4) if2

insiders cannot coordinate these choices: aggregate harvests in both settings are (5) if the3

insiders can coordinate these choices.4

2.1.3 Comparing benchmarks5

Giving values to the parameters of our model allows us to derive and compare bench-6

mark outcomes under different assumptions about insiders’ abilities to coordinate their har-7

vest/contribution decisions and their ability to deter the outsiders. Most parameter values8

come from Kingsley and Liu (2014). We set a = 6, b = 0.025, c = 1, ehi = eho = 50 and9

ni = 4. In addition, to satisfy 1 − eow > 0, we set w = 0.01. Given these parameters,10

our benchmarks for insiders are in Table 1. We present aggregate and symmetric individual11

contributions/harvests and symmetric individual payoffs.12

(a) PG

Benchmark Gi ghi πhi

Threshold 18 4.5 70
Non-cooperative investment/Non-deterrence 18 4.5 70

Cooperative investment/Deterrence 100 25 112.5
Non-cooperative investment/Deterrence 40 10 90
Cooperative investment/Non-deterrence 80 20 70

(b) CPR

Benchmark Gi ghi πhi

Threshold 18 4.5 70
Non-cooperative investment/Non-deterrence (1) 18 4.5 70
Non-cooperative investment/Non-deterrence (2) 170 44.69 45

Cooperative investment/Deterrence 100 25 112.5
Non-cooperative investment/Deterrence 160 40 90
Cooperative investment/Non-deterrence 80 20 70

Table 1: Insider benchmarks and payoffs.

The threshold contributions and harvests (G0
i ), and associated payoffs, are in the first13

rows of Table 1(a) and 1(b). The Non-cooperative investment/Non-deterrence outcomes in14

both settings are subgame-perfect equilibrium outcomes in one-shot plays of the games. In15

the PG setting, the Non-cooperative investment/Non-deterrence outcome is the threshold.16

Thus, with the parameters of our experiments, theft prevents higher non-cooperative contri-17

butions. There are two Non-cooperative investment/Non-deterrence outcomes in the CPR18

9
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setting, one at the threshold and the other at much higher harvests but lower payoffs. Con-1

tributions/harvests and payoffs are significantly higher than the threshold values when the2

insiders coordinate their choices and deter the outsiders (Cooperative investment/Deterrence3

outcomes). Relative to these fully cooperative outcomes, PG contributions are lower, CPR4

harvests are higher, and payoffs are lower in both games when the insiders deter the out-5

siders but cannot coordinate their contribution or harvest decisions (Non-cooperative invest-6

ment/Deterrence outcomes). Note that except for the additional non-cooperative equilib-7

rium in the CPR setting, payoff equivalence between the PG and CPR settings is maintained8

despite the insiders’ inability to deter the outsiders.9

The benchmarks show large gains to deterrence. Without deterrence, insiders are no10

better off cooperating to produce the optimal surplus than at the threshold. That is, in-11

siders’ payoffs when they cannot deter outsiders but they choose their contributions or har-12

vests cooperatively (Cooperative investment/Non-deterrence outcomes) are the same as the13

threshold payoffs, even though contributions/harvests are higher. Similar to De Geest et al.14

(2017), when insiders are only able to coordinate on deterrence or surplus creation, they are15

better off choosing deterrence.16

Finally, Table 2 summarizes outsider payoffs from the insider benchmarks. Payoffs17

to outsiders deterred are simply the entire endowment invested into the fixed-return pri-18

vate good. This is also true when the insiders produce at the threshold (Non-cooperative19

investment/Non-deterrence outcome in the PG setting and Non-cooperative investment/Non-20

deterrence (1) in the CPR setting). However, outsider payoffs are maximized when insiders21

cooperate but fail to deter the outsiders. In this case, the outsiders steal the entire surplus.22

10
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(a) PG

Benchmark πho

Threshold 50
Non-cooperative investment/Non-deterrence 50

Cooperative investment/Deterrence 50
Non-cooperative investment/Deterrence 50
Cooperative investment/Non-deterrence 160

(b) CPR

Benchmark πho

Threshold 50
Non-cooperative investment/Non-deterrence (1) 50
Non-cooperative investment/Non-deterrence (2) 136.85

Cooperative investment/Deterrence 50
Non-cooperative investment/Deterrence 50
Cooperative investment/Non-deterrence 160

Table 2: Outsider payoffs from insider benchmarks

2.2 Experimental procedures1

Kingsley and Liu (2014) adapt the design of Apesteguia and Maier-Rigaud (2006) to ex-2

plicitly inform subjects how their decisions affect group earnings. While only Kingsley and3

Liu (2014) provide a metric to directly compare cooperation under positive versus negative4

externalities, both studies find no evidence for a cooperation divergence. Since we were5

interested in how the threat of out-group theft affects in-group coordination, it is useful to6

begin from a baseline where there are no differences in cooperation across environments and7

then introduce the external threat. Differences in group cooperation across environments in8

response to the threat can then plausibly be attributed to the threat.9

We employ a 2x2 design, {CPR, PG}x{No Theft, Theft}. The No Theft treatments are10

similar to Kingsley and Liu (2014), and more generally, to social dilemma games with non-11

linear payoffs (e.g. Cason and Gangadharan (2015)). Since we expected to see no divergence12

in cooperation, these treatments served as our controls.13

Subjects were divided into independent groups of four and remained in their groups for14

the duration of the experiment (a “Partners” design). Groups played fifteen rounds of either15

a CPR or PG game. To avoid any uncontrolled framing effects, both games were referred to16

as a “Decision making experiment”.17

At the start of a round, subjects received an identical endowment and decided how much18

11
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of their endowment to invest in a private good or a public account, Account 1, whose return1

varied with the investment decisions of all the group members. To make sure subjects2

understood how their investment decisions would impact not only their payoffs but the3

payoffs of their group members, individual and group payoff tables were provided in the4

instructions. At the conclusion of the investment round, subjects were then informed of5

their final payoffs as determined by either (1) or (2) depending on whether they were in the6

PG or CPR treatment. Figure 2 summarizes the timeline of stages in the No-Theft (control)7

treatments.8

1 2

Investment Final payoff

Insiders

Figure 2: Timeline of stages in the no-theft treatments

Figure 3 summarizes the timeline of stages in the theft treatments. These treatments9

varied from the controls by introducing two outsiders who could poach the surplus created10

by the four insiders. Based on our theoretical results, we also expected to see no difference11

in cooperation when an outside threat is introduced.12

Subjects were divided into groups of six. Within each group, subjects were then divided13

into an in-group of four or an out-group of two. Insiders and outsiders received the same14

endowment at the start of each round. Once the insiders finished making their investment15

decisions, outsiders were informed of the value of the in-group’s aggregate investment decision16

(i.e., total insider payoffs from their group account). Outsiders could then decide how much17

of their endowment to invest in a private good or in a “take” from the in-group’s surplus.18

We constrained each outsider to take at most 25% of the insiders’ surplus, so the maximum19

surplus loss was 50%. We imposed this constraint to avoid the possibility that insiders would20

produce no surplus at all to avoid having it all taken by the outsiders. Outsiders were given21

a table describing their payoffs as a function of the size of the insider surplus and their22

individual take from the surplus.23

When outsiders finished making their decisions all subjects learned their initial payoffs.24

Insiders were then shown the outsiders’ decisions and resulting payoffs. With this infor-25

mation, insiders could individually choose to levy costly sanctions, “Deductions”, on each26

outsider and reduce his initial payoff to at most zero. We used the 1:3 sanctions technology27

introduced by Gächter and Fehr (2000) that is now standard in the literature on experimen-28

tal social dilemmas with peer-punishment. The amount an insider could spend on sanctions29

12
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was constrained by his initial payoff. After all sanctioning decisions were made, insiders and1

outsiders were informed of their final payoffs for that round (initial payoffs less sanctions2

sent or received), as well as their cumulative payoffs across rounds.3

1 2 3 4 5

Investment Initial Payoff Deductions Final Payoff

Insiders

Take Initial Payoff Final Payoff

Outsiders

Figure 3: Timeline of stages in the theft treatments

A total of 120 subjects were recruited from the undergraduate population at the Univer-4

sity of Massachusetts-Amherst. After subjects were assigned to their groups and assigned5

their identification numbers, an experimenter read the instructions aloud while the subjects6

followed along with their own copy. Subjects were paid $5 for agreeing to participate and7

showing up on time and then earned additional money in the experiment. Subjects earned8

experimental dollars ($ED) that were converted to US dollars at the pre-announced exchange9

rate of $1 ED = $0.01 US as in Kingsley and Liu (2014). Subjects were paid their combined10

earnings in cash at the end of the session. Earnings ranged between $10.72 and $22.75, with11

a mean of $17.24 (σ= $3.07). Sessions lasted approximately 90 minutes. The experiment12

was conducted using z-Tree (Fischbacher, 2007).13

3 Results14

Our results are divided into two main sections. In the first section, we report insider co-15

operation in terms of contributions (PG) and appropriations (CPR) to and from the group16

account, which we hereon refer to simply as allocations. We then use the cooperation index17

from Kingsley and Liu (2014) to more easily compare decisions between the PG and CPR18

settings. In terms of cooperation, we report three main results in Section 3.1. First, we19

check our controls and find a weakly significant difference between the PG and CPR settings20

with no theft in subsection 3.1.1. Second, we look at cooperation with theft in both settings21

in subsection 3.1.2, and we find that theft significantly increased cooperation in the CPR22

setting but not the PG setting. However, we find no significant difference in cooperation23

between the PG and CPR settings in the presence of theft. Finally, in subsection 3.1.3 we24

13
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examine the stability and consistency of our results. In both settings, we find that theft1

leads to an increase in the variation of cooperation.2

The second main section, Section 3.2, looks at theft, sanctions and deterrence. Section3

3.2.1 summarizes theft and deterrence across treatments, and shows that insiders in both4

the PG and CPR settings were not able to deter outsiders. However, surplus creation was5

higher in the CPR setting despite higher levels of theft. In Section 3.2.2 we look at how6

insiders supplied sanctions using a hurdle model that considers the extensive and intensive7

margins of sanctions, that is, the insider’s decision whether to sanction an outsider, and if so,8

how much to sanction. We find that PG insiders were significantly more likely to sanction9

outsiders regardless of how much surplus they created, but CPR insiders who created more10

surplus were significantly more likely to impose larger sanctions on outsiders. Finally, in11

subsection 3.2.3 we examine how outsiders responded to sanctions, and find that sanctions12

had no significant effect on outsider behavior.713

3.1 Group account contributions14

Table 3 shows average insider allocations, cooperation indices and final payoffs across the15

four treatments. Following Kingsley and Liu (2014), we calculated a cooperation index to16

compare cooperation across both settings. The index compresses observations relative to the17

symmetric social optimum (25) and the Nash CPR (40) and Nash PG (10) into the range18

[0, 1]. The index is calculated as 1 − (ghi/ei) for the CPR setting and ghi/ei for the PG19

setting. The value of the index is 0.5 for the social optimum and 0.2 for the Nash CPR and20

PG.21

Table 3: Average insider allocations, cooperation indices and payoffs. Standard deviations
in parentheses.

CPR, No theft CPR, Theft PG, No theft PG, Theft

Allocation 36.17 32.82 17.39 16.21
(11.62) (11.95) (12.91) (13.00)

Cooperation index 0.28 0.34 0.35 0.32
(0.23) (0.24) (0.26) (0.26)

Profit 97.06 73.78 102.67 81.55
(20.97) (25.83) (15.03) (16.38)

No. of observations 360 360 360 360
No. of independent groups 6 6 6 6

7Our data and code are available at https://github.com/lrdegeest/Defending-PGs-CPRs.

14
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3.1.1 Cooperation without theft1

Table 4 estimates the conditional average difference in cooperation between the PG and2

CPR setting, similar to Kingsley and Liu (2014). Like Kingsley and Liu (2014) we also see3

average allocations in both the CPR and PG settings start near the social optimum and4

trend towards the respective Nash equilibria over time. We estimate three random effects5

models that regress the cooperation index on Period, a PG indicator and an interaction6

between PG and Period, as well as a vector of time-invariant controls (Age, Gender and7

GPA). Across our three specifications, we find a highly significant and negative effect on8

Period, and no significant interaction between PG and Period, similar to Kingsley and Liu9

(2014). Unlike Kingsley and Liu (2014), we find a positive but weak effect for PG, but only10

when we cluster standard errors at the group level.811

Table 4: Estimation of cooperation without theft

(1) (2) (3)

Period -0.006∗ -0.006∗ -0.006∗∗

(0.00) (0.00) (0.00)
PG 0.074∗ 0.074∗ 0.074

(0.04) (0.04) (0.05)
PG x Period -0.003 -0.003 -0.003

(0.00) (0.00) (0.00)
Age 0.012 0.012 0.012

(0.01) (0.01) (0.01)
Gender -0.051 -0.051 -0.051

(0.04) (0.04) (0.04)
GPA 0.011 0.011 0.011

(0.03) (0.03) (0.04)
Constant 0.126 0.126 0.126

(0.27) (0.27) (0.31)

Observations 720 720 720
Group random effects No Yes Yes
Group clustered SEs Yes Yes No
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

8We cannot directly compare these results to Kingsley and Liu (2014), as they use group fixed effects
rather than group random effects, and the collinearity between the treatment indicator and group indicators
is such that the treatment indicator will no longer measure the average treatment effect. This may explain
why the authors found no divergence between the PG and CPR.
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3.1.2 Cooperation with theft1

We now turn to our theft treatments. Our main goal is to examine whether the outside2

threat increases or decreases cooperation in each setting. Recall that our expectation was3

that the outside threat would not produce systematic differences in surplus creation across4

the PG and CPR settings.5

Figure 4 shows average insider allocations and the cooperation index in both treatments6

with and without outsider theft. Panel A shows average allocations across treatments, and7

Panels B and C show average levels of cooperation for the CPR and PG settings, respectively.8
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Figure 4: Average insider cooperation in PG and CPR no-theft and theft treatments.

To see if there was an effect of the outside threat, we tested for differences within settings.9

As shown in Table 3, average cooperation increased in the CPR setting with theft, and we10

found this increase to be highly significant (linear random effects coefficient test: χ2 =11

60.28, p = 0.00).9 Average cooperation decreased in the PG setting with theft, but the12

difference was not significant (linear random effects coefficient test: χ2 = 0.68, p = 0.40). To13

more thoroughly investigate these effects, Table 5 shows results from a random effects GLS14

regression on cooperation within each treatment. We estimated the CPR and PG settings15

separately and estimated multiple models for each setting to ensure robustness. In each16

model, Theft is an indicator variable for the treatment featuring an outside threat. The full17

9When conducting tests at the individual level, we account for dependency in observations within and
between subjects with linear random effects models of the variable in question, a treatment indicator, and
group-clustered standard errors.
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specification is:1

Cooperationhit = α + γ1Periodt + γ2Theft + γ3(Periodt × Theft) + X′hiβ + ηj + εhit (14)

where X′hi is the vector of time-invariant controls for insider hi, ηj are the group random2

effects and εhit is a composite error term composed of a subject-specific term µhi and id-3

iosyncratic error εhit. Our main interest was in the sign of γ2 , the treatment effect. A4

positive sign for the Theft coefficient in each setting would indicate that the outside threat5

is associated with increased cooperation.6

Results in Table 5 show that for the CPR setting the coefficient for Theft is positive7

and significant across all specifications, suggesting that the outside threat systematically8

increased cooperation compared to the CPR without theft. By contrast, we observe no9

significant effect for Theft in the PG setting. However, cooperation declined significantly10

over time in both settings, irrespective of Theft. We can observe these downward trends in11

cooperation in Figure 4, Panels B and C.10
12

10We also tested for a difference in cooperation between PG and CPR, given the outside threat. We
replicated Table 4 for the Theft treatments but found no significant difference in cooperation between the
PG and CPR settings.
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Table 5: Estimation of the cooperation index with and without an outside threat across
treatments.

CPR PG

(1) (2) (3) (4) (5) (6)

Period -0.006∗ -0.006∗ -0.006∗∗ -0.009∗∗∗ -0.009∗∗∗ -0.009∗∗∗

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Theft 0.091∗∗ 0.091∗∗ 0.091∗∗ -0.001 -0.001 -0.001

(0.05) (0.05) (0.04) (0.04) (0.04) (0.05)
Theft x Period -0.003 -0.003 -0.003 -0.005 -0.005 -0.005

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Age 0.009 0.009 0.009 -0.008 -0.008 -0.008

(0.02) (0.02) (0.01) (0.01) (0.01) (0.01)
Gender -0.038 -0.038 -0.038 0.041 0.041 0.041

(0.04) (0.04) (0.03) (0.04) (0.04) (0.04)
GPA 0.005 0.005 0.005 -0.027 -0.027 -0.027

(0.04) (0.04) (0.04) (0.02) (0.02) (0.04)
Constant 0.101 0.101 0.101 0.630∗∗∗ 0.630∗∗∗ 0.630∗∗

(0.39) (0.39) (0.32) (0.24) (0.24) (0.28)

Observations 720 720 720 720 720 720
Group random effects No Yes Yes No Yes Yes
Group clustered SEs Yes Yes No Yes Yes No
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

3.1.3 Consistency and stability1

Overall, our results suggest differences in allocations and defense between the PG and CPR2

settings when surplus is subject to theft. However, it is important to consider how consistent3

these results are across groups. Figure 5 shows the average cooperation index per group4

across all periods, alongside the pooled mean (i.e. the mean of all groups in a setting and5

treatment) in black. Interestingly, we observe more variation between groups in the PG6

setting compared to the CPR setting, with and without theft.7
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Figure 5: Average insider cooperation index by group. Each dot represents a group. The
pooled mean is marked by the thick black line.

We tested for differences in group variation in allocations using a Wald test modification1

of the Levene and Brown-Forsythe tests of equal variances to account for dependence in2

observations within groups and across time (a more detailed description of our modified test3

can be found in the appendix). The null hypothesis is that for a given setting and treatment4

(e.g. CPR No Theft), the variation in individual allocations (surplus creation) within their5

respective groups is equal across groups. Results in Table 6 show that group variation in6

surplus creation was higher in the PG setting than the CPR setting, both with theft and7

without theft. However, in both settings, the presence of outsider theft increased group8

variation, as indicated by the larger test statistics in the Theft treatments.9

Table 6: Tests of variation between groups.

CPR PG

No Theft Theft No Theft Theft

Wald test statistic (χ2) 4.07 14.06 12.62 18.65
Wald p-value 0.539 .015 .027 0.00
No. of observations 360 360 360 360
No. of independent groups 6 6 6 6

As noted in Section 2, the Nash equilibria in our designs may not be locally stable,10
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and this could lead to instability in our results. Feng et al. (2018) show that evidence of1

instability can be found in the autocorrelation of individual decisions for each group, with2

a negative statistic indicating “pulsing” or unstable behavior over time. Our results for this3

test are presented in Table 7. Each group number, setting and treatment represents a unique4

group of insiders (e.g. CPR + Theft + Group 1 is one group, CPR + Theft + Group 2 is5

another group, and so on.) Each setting and treatment had six groups, so we have a total of6

24 independent groups. Each cell displays the autocorrelation statistic and its significance.7

Table 7: Autocorrelation test for instability.

CPR/PG Theft/No Theft Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

CPR No Theft 0.23 -0.24 0.07 -0.21 0.09 0.02
CPR Theft 0.23 0.01 0.47* -0.19 0.10 0.12
PG No Theft 0.60** -0.09 -0.19 0.06 0.35 0.25
PG Theft 0.27 0.60** 0.08 0.17 0.06 0.68***

∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Like Feng et al. (2018), we found little evidence of pulsing behavior. Out of 24 indepen-8

dent groups, only five groups have a negative autocorrelation coefficient, and none of these9

is statistically significant. At the same time, while most coefficients tend to be positive,10

there are a few significant results, and those few significant results are interspersed across11

settings (CPR/PG) and treatments (Theft/No Theft) in no discernible pattern. Saijo et al.12

(2017) hypothesize that pulsing behavior becomes more prominent in later periods of an13

experiment. They find that this is indeed the case in the Walker et al. (1990) data. We14

also conducted the autocorrelation test for Periods 7-15 of our experiments, but found no15

significant negative coefficients. (These results are available in Section B of our supplemen-16

tary appendix.) Howerver, we should not compare our results to Saijo et al. (2017) directly,17

mainly because our experiments ran for 15 periods while the Walker et al. experiments ran18

for 30 periods.11
19

Despite the lack of significant evidence of instability in our experiments, it is important to20

underscore the variation between groups when interpreting our results on average outcomes.21

While we found a significant increase in average cooperation in the CPR with theft compared22

to no theft, we also found significant variation between groups with theft, in both the CPR23

and PG settings. This increase in variation compared to the No Theft treatments speaks24

11Feng et al. (2018) further argue that stability can be explored by looking at dispersion – specifically,
the standard deviation of individual decisions within a period. The authors plot the average standard
deviation of contributions within a treatment over time, with results showing an upward trend. We plotted
the standard deviation of individual allocations to surplus creation among insiders, within treatments and
over time. We did not observe any time trends. We also tested for a time trend by regressing the pooled
standard deviations (pooled across periods) and found no significant effect.
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to the difficulty insiders had in coordinating their decisions. At the same time, variation1

between groups was more substantial in the PG setting, with and without theft. In Figure2

5 we see that most groups in the PG, save one, outperformed most groups in the CPR. In3

our study, and in these studies in general, it is important to recognize that average behavior4

may not be consistent across groups.12
5

Unfortunately, we cannot compare these findings to Apesteguia and Maier-Rigaud (2006)6

or Kingsley and Liu (2014) as neither paper provides an analysis of variation between and7

within groups. However, Apesteguia and Maier-Rigaud (2006) report standard deviations of8

individual decisions that indicate more dispersion in the PG setting than the CPR setting,9

similar to our results.10

3.2 Theft & deterrence11

3.2.1 Surplus, theft and deterrence12

Surplus creation was just one dimension on which insiders could cooperate, as insiders could13

also have cooperated on deterrence. It was possible that insiders might produce less surplus14

than is socially optimal but still work together to deter outsiders.15

Figure 6 summarizes the Theft treatments. Panel A shows average gross surplus in16

experimental dollars across treatments and Panel B shows average surplus net of theft.17

(Recall surplus is the value of the insiders’ shared account.) Panel C shows how much18

surplus was, on average, taken by outsiders, expressed as a percent of the total surplus.19

(Recall that each outsider in the experiment was restricted to taking up to 25% of the20

surplus, so the maximum possible surplus loss was 50%). Finally, Panel D shows average21

insider deterrence, calculated as the total value of sanctions divided by total outsider payoffs22

from theft. (Recall that to fully deter the outsiders, the insiders would have had to commit23

to removing 100% of each outsider’s gain from theft.)24

12There is some evidence of this in the PG versus CPR literature. Park (2000) replicates Andreoni (1995)
while controlling for a subject’s “value orientation”, or her preferences regarding her own welfare relative
to the welfare of others. Park finds that significant differences in the positive-frame setting (PG) vs the
negative-frame setting (CPR) only arise for certain subjects, and that these subjects tend to have a more
individualistic value orientation, compared to subjects with a more cooperative value orientation. Future
work on PG versus CPR games with theft could more explicitly consider how the composition of groups
affect individual behavior.
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Figure 6: Panel A: Average surplus. Panel B: average surplus net of theft. Panel C: average
surplus loss to outsider theft. Panel D: Average deterrence. The dashed line indicates 100%
of theft payoffs eliminated.

Consistent with the higher levels of cooperation we observe in the CPR setting, average1

gross surplus was significantly higher in the CPR setting than in the PG setting (Wilcoxon2

Rank-Sum test on group means: z = 2.88, p = 0.00). However, surplus loss from outside3

theft was slightly higher in the CPR setting (Wilcoxon Rank-Sum test on group means:4

z = 1.76, p = 0.08). Surplus net of theft is significantly higher in the CPR setting (Wilcoxon5

Rank-Sum test on group means: z = 1.92, p = 0.05). Thus, the value of surplus creation6

was significantly higher in the CPR setting despite higher levels of theft.7

The higher levels of theft in the CPR setting can be partly be explained by lower levels of8

deterrence. Panel D of Figure 6 shows more deterrence in the PG setting, and we found this9

difference to be significant (linear random effects coefficient test: χ2 = −9.30, p = 0.00). In10

addition, more insiders contributed sanctions in the PG setting (56% of the insiders in the11

PG setting versus 44% in the CPR setting). Yet while there were more sanctioning events in12

the PG setting, the average of non-zero sanctions was higher in the CPR setting than in the13

PG setting (11.60 and 7.3, respectively), although the difference is not significant (χ2 = 0.65,14

p = 0.42).15
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3.2.2 The supply of sanctions1

To further examine the supply of sanctions across settings, we estimated a hurdle model that2

separately estimated the intensive and extensive margins of punishment. We first estimated3

the binary decision to sanction using a discrete choice model. Then, we estimated the4

expected size of sanctions, conditional on a sanctioning event, using a zero-truncated negative5

binomial model.13 Similar to other experiments with some form of monetary punishment, the6

sanctions data from our experiment are zero-inflated, meaning most sanctioning events were7

zero (Chaudhuri, 2011). Our experimental design permits consideration of zero sanctions8

as explicit choices. In the Deductions stage, insiders had to enter a number of deduction9

points for each outsider. They were permitted not to sanction, but rather than simply click10

through the stage, they had to enter zero and click a button that showed them the cost of11

their decision. It is therefore reasonable to assume that zero sanctions were explicit choices.14
12

Our full specification is:

Pr(sanctionshit > 0) = Φ(α1 + γ11PG + γ12Period + G′hitω1 + (PG×G′hit)δ1

+ X′hiβ1 + ε1hit)

(15a)

E[sanctionshit|sanctionshit > 0] = exp(α2 + γ21PG + γ22Period + G′hitω2 + (PG×G′hit)δ2

+ X′hiβ2)exp(ε2hit),

(15b)

where PG is an indicator variable for the PG treatment, Ghit is a vector of time varying13

controls for subject hi including her cooperation index in period t (Cooperation), the amount14

of sanctions she assigned in t−1 (Lagged Sanctions), and her surplus loss from theft (Surplus15

Loss), X′hi is a vector of individual time-invariant controls (Age, Gender and GPA), and εhit16

is the idiosyncratic error. Table 8 shows our results, grouped by extensive margin (Equation17

15a, the estimated probability of a sanctioning event, the first and second models) and18

13We used a count data method because deduction points were integer-valued and bounded below at zero
and to account for overdispersion in sanctions; in both the CPR and PG setting the standard deviation
of sanctions is nearly four times greater than the mean. The mean (standard deviation) for all sanctions,
including zeros, was 2.35 (7.69) in the CPR and 2.49 (8.24) in the PG setting. Kingsley (2015) also uses
a hurdle model to study peer-punishment decisions in the same payoff equivalent CPR and PG games as
Kingsley and Liu (2014).

14If subjects could either choose zero sanctions or skip the stage altogether, then we would have to ensure
that observations of zero sanctions were not generated by two different processes. In that case it would
be more appropriate to choose a procedure that distinguishes “types” of zeros, such as zero-modified count
models (e.g. zero-inflated negative binomial regression) where the expected value is calculated as a convex
combination of the two zero-generating processes.
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intensive margin (Equation 15b, the estimated sanction value conditional on it not being1

zero, the third and fourth models).2

Table 8: Estimation of the supply of deterrence across treatments. Models (1) and (3) show
the estimated coefficients. Models (2) and (4) show the average marginal effects.

Extensive margin Intensive margin

(1) (2) (3) (4)

Period -0.004 -0.001 0.063 0.480
(0.01) (0.00) (0.04) (0.31)

PG 0.130 0.206∗∗∗ 0.646 2.101
(0.46) (0.06) (0.65) (7.60)

Cooperation (surplus creation) -0.598 -0.047 0.110 -4.612
(0.48) (0.08) (0.48) (3.82)

PG X Cooperation (surplus creation) 0.738 -1.559∗∗

(0.54) (0.64)
Lagged sanctions 0.064∗∗∗ 0.011∗∗∗ 0.039∗ 0.310∗∗∗

(0.01) (0.00) (0.02) (0.10)
PG X Lagged Sanctions -0.040∗∗ 0.004

(0.02) (0.03)
Surplus Loss (Individual) 0.012 0.006∗∗∗ 0.042∗∗∗ 0.311∗∗

(0.01) (0.00) (0.02) (0.13)
PG X Surplus loss (individual) 0.018 -0.002

(0.01) (0.03)
Age -0.104 -0.029 0.107 0.810

(0.07) (0.02) (0.07) (0.53)
GPA -0.171 -0.048 -0.161 -1.223

(0.18) (0.05) (0.48) (3.93)
Gender 0.118 0.033 -0.307∗ -2.394

(0.22) (0.06) (0.17) (1.58)
Constant 1.476 -1.411

(1.53) (2.81)

N 672 672 177 177

Our main finding is that the likelihood an insider would sanction an outsider was signifi-3

cantly higher in the PG setting, as denoted by the significant average marginal effect to PG4

in Model (2). This finding corroborates previous evidence of more sanctioning events in the5

PG than the CPR setting. However, we found no significant difference in the average level6

of sanctions across treatments. Consistent with what we see in Panel D of Figure 6, there is7

no significant time trend in either setting.8

Turning to the interaction terms, the model estimates average marginal effects for Co-9
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operation, Lagged Sanctions and Surplus Loss as weighted averages of the average marginal1

effects for PG and CPR. Accordingly, we separately estimated the average marginal effect2

for each treatment and tested for differences.3

Looking first at the extensive margin, we found no significant difference in the effect of4

Cooperation between settings (χ2 = 1.58, p = 0.21), indicating that higher surplus creation5

was not associated with participating in surplus defense in either the PG or CPR. Lagged6

sanctions were significantly associated with a higher likelihood of using sanctions, though we7

found no significant difference in the average marginal effects across settings (χ2 = 1.23, p =8

0.27). However, we found that the significant marginal effect of Surplus Loss is driven9

by a larger effect for the PG than the CPR, although the effect is only weakly significant10

(χ2 = 3.98, p = 0.05).11

On the intensive margin, we found a weakly positive and significant difference in the12

average marginal effect for the CPR compared to the PG (χ2 = 3.99, p = 0.05). This is13

corroborated by the negative and significant estimated coefficient for PG × Cooperation.14

So while CPR insiders, compared to their PG counterparts, were not more likely to engage15

in sanctions when they cooperated more, they tended to contribute larger sanctions when16

they cooperated more. Finally, we found no significance differences in the average marginal17

effects between settings for Lagged Sanctions (χ2 = 0.56, p = 0.45) and Surplus Loss (χ2 =18

0.88, p = 0.35).19

3.2.3 Outsider response to sanctions20

While there is evidence of differences in sanctioning behavior between the PG and CPR21

settings, what ultimately matters is whether sanctions deterred outsiders. The discrepancy22

in insider behavior between the two treatments on the extensive margin did not lead to a23

significant difference in payoffs between the theft treatments (linear random effects coefficient24

test: χ2 = 0.65, p = 0.02). Panel C of Figure 6 clearly shows that insiders in both settings25

were not able to deter outsider theft. Panel D indicates why: insiders in both settings could26

not coordinate deterrence well enough to consistently remove all of the gains from theft.27

We examined how outsiders responded to sanctions in each treatment by estimating the28

following random effects GLS model29

∆Theft = α + γ1PG + γ2Sanctionsho,t−1 + γ3(PG× Sanctionsho,t−1)

+ X′jtδ + X′hoβ + ηj + εhot,
(16)

where ∆Theft is an outsider’s change in theft between two periods (i.e. Theftho,t+1 −30

Theftho,t), PG is the PG indicator, Sanctionshot are the sanctions received by an outsider in31
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period t, X′jt are group controls including period and gross surplus in t, X′ho are individual1

time-invariant controls including Age, Gender and GPA, ηj are group random effects, and2

εhit is a composite error term composed of a subject-specific term µhi and idiosyncratic error3

εhit. Since in both treatments the majority of sanctions went to the outsider in each group4

who stole more of the surplus (62% in the CPR, 63% in the PG), we estimated separate5

models for outsiders who stole more of the surplus and outsiders who stole less or an equal6

amount.7

Results confirm that sanctions had little effect on outsider behavior. The coefficient on8

Surplus Value in Table 9 is positive, indicating that an increase in surplus led to more theft,9

and the effect is stronger for outsiders who tended to steal more of the surplus. While out-10

siders who tended to steal less also tended to steal less over time, we found no systematic11

changes in theft in response to sanctions in either the main effect (Sanctions) or the inter-12

action (PG × Sanctions). Nor did we find a significant change in theft between outsiders in13

PG or CPR.14
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Table 9: Estimation of outsider response to sanctions in each treatment. Separate models
were estimated for outsiders who stole less or an equal amount of the surplus (“Lower or
Equal Theft”) versus outsiders who stole more (“Higher Theft”).

Lower or Equal Theft Higher Theft

(1) (2) (3) (4) (5) (6)

PG -4.884 -4.688 -4.688 -1.963 -1.963 -1.963
(7.06) (6.51) (6.42) (7.19) (7.19) (5.71)

Sanctions 0.010 -0.023 -0.023 -0.305 -0.305 -0.305
(0.15) (0.14) (0.20) (0.40) (0.40) (0.21)

PG x Sanctions -0.140 -0.138 -0.138 0.370 0.370 0.370
(0.18) (0.18) (0.29) (0.41) (0.41) (0.25)

Surplus Value 0.044∗∗ 0.043∗∗ 0.043∗∗ 0.107∗∗ 0.107∗∗ 0.107∗∗∗

(0.02) (0.02) (0.02) (0.04) (0.04) (0.02)
Period -1.040∗∗ -1.118∗∗ -1.118∗∗∗ 0.004 0.004 0.004

(0.47) (0.45) (0.26) (0.37) (0.37) (0.26)
Age -0.398 -0.811 -0.811 -1.144 -1.144 -1.144

(0.66) (0.73) (1.00) (0.85) (0.85) (1.37)
GPA -2.881 -5.053∗ -5.053 -3.845 -3.845 -3.845

(2.75) (2.70) (3.94) (4.73) (4.73) (5.53)
Gender -4.525 -2.353 -2.353 -1.161 -1.161 -1.161

(5.20) (4.47) (4.19) (5.86) (5.86) (5.20)
Constant 48.358∗∗∗ 60.160∗∗∗ 60.160∗∗∗ 35.016∗∗ 35.016∗∗ 35.016

(15.76) (18.21) (22.93) (17.43) (17.43) (32.76)

Observations 185 185 185 151 151 151
Group random effects No Yes Yes No Yes Yes
Group clustered SEs Yes Yes No Yes Yes No
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

4 Conclusion1

The literature has much to say on how groups cooperate to create surplus, but despite2

numerous real-world examples, little attention has been paid to how groups defend surplus3

from outsiders. This paper developed a theoretical model and an experimental framework4

of common-pool resource and public goods games in which a group of individuals create5

surplus (e.g. provide a public good or conserve a common-pool resource) and deter theft by6

outsiders. Our controls replicated the design of Kingsley and Liu (2014). We then introduced7

treatments in which individual outsiders could steal the surplus created by insiders, while8

insiders could deter the outsiders with sanctions.9
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Our main finding is that theft drove a wedge between behavior across settings. There1

was a significant increase in surplus creation in the CPR setting but not the PG setting.2

However, theft led to more cooperation on surplus defense in the PG setting, but less so in3

the CPR setting. This divergence suggests that how groups coordinate to create and defend4

surplus is sensitive to externalities. However, and perhaps more importantly, sanctions in5

both settings failed to durably change outsider behavior, suggesting that our groups struggled6

to effectively deter the outside threat.7

Limiting our design is the fact that insiders had no explicit coordination mechanisms8

like communication, voting, or feedback on sanction decisions by other group members.9

For instance, the finding that surplus creation and surplus defense were inversely related10

could hint at an implicit expectation among subjects that some will specialize in creation11

and others in defense. However, there was no way for insiders to make such arrangements12

explicitly. Further research can explore the effects of such coordination mechanisms under13

our parameterizations and others. Of course, the performance of a coordination mechanism14

will likely depend on what outsiders do. When insiders face a shared outside threat, it can15

serve as a focal point to coordinate group behavior, or it can increase strategic uncertainty16

and make it harder for insiders to coordinate. This may explain why we observe increased17

variation in surplus creation when we introduce theft in both CPR and PG settings.18

It remains unclear why this difference in variation was more pronounced in the PG setting,19

but it is possible that beliefs play a role. Dufwenberg et al. (2011) suggest the cooperation20

divergences occur not in actions but in beliefs. Framing influences behavior indirectly by21

influencing a subject’s beliefs about an environment that in turn influence her decisions.22

The authors use a simple, one-shot public goods game where motivations depend on beliefs23

to show that framing indirectly affects contributions by directly affecting first-order beliefs24

(beliefs about others’ actions) and second-order beliefs (beliefs about others’ beliefs). They25

find that while levels of cooperation are relatively similar across games, beliefs about the26

cooperative nature of other players are significantly higher in the positive externality setting.27

Other studies also find that beliefs about the cooperativeness of group members are positively28

correlated with contributions in PG games, even though beliefs about actions do not affect29

explicit incentives (Croson, 2007; Fischbacher and Gachter, 2010).15 Beliefs are difficult to30

cleanly measure in experiments since they are sensitive to the elicitation device (Lönnqvist31

et al., 2015; Pedroni et al., 2017). Nevertheless, understanding how insiders form beliefs32

about what group members and outsiders will do, and how these beliefs induce behavior,33

15In general, framing can affect behavior because players bring context (e.g preferences) and form level-k
beliefs about the game and about other players. This can lead to an information set that contains cues
and reference points independent of the choice set and payoffs (Tversky and Kahneman, 1981; Mehta et al.,
1994).
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may shed valuable light on this coordination problem.1
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A Testing for differences in variation between groups1

Levene’s test for equality of variances is commonly used to examine differences in variation2

between groups. To test the hypothesis H0 : σ2
1 = σ2

2 = ... = σ2
j , where j indexes independent3

groups, Levene’s test calculates absolute deviations from the group mean by individual i4

as zij = |yij − µ̄j| and then calculates the one-way F-test F (z) = ANOV A(zij), where5

F (z) ∼ F (k − 1, n − k). Levene’s test is canonical in part because it is robust to non-6

normality. The Brown-Forsythe test modified Levene’s test by calculating zij from absolute7

deviations from the median instead, ensuring further robustness to outliers.8

However, both tests assume observations within a group are independent. Iachine et al.9

(2010) and Soave and Sun (2017) show that Levene/Brown-Forsythe tests for clustered twin-10

data lead to higher Type-I error rates. To capture the conditional distribution of the data,11

the solution is to test the “residualized variance” between groups. Iachine et al. (2010)12

and Soave and Sun (2017) propose modifications that replace the one-way ANOV A with13

a two-step regression with clustered standard errors that restores the nominal Type-I error14

rates of Levene’s test. We extend their modifications to account for cross-sectional and serial15

correlation.16

Let xj be an indicator for membership in group j and let yijt be an observation from17

individual i in the period t.16 The modified test of equality of variances between groups18

proceeds in three steps:19

1. Estimate the random effects GLS model yijt = X′β+νt + εijt +µi, where X is a matrix20

of group dummies, νt are period fixed-effects, εijt is the idiosyncratic error and µi is21

the individual-specific error.22

2. Obtain the residuals ε̂ijt and calculate zijt = |ε̂ijt|.23

3. Finally, estimate the random effects GLS model zijt = X′β + εijt + µi.24

Step 3 amounts to a Wald-test with the cluster-robust variance-covariance matrix from25

the previous steps, producing a test statistic distributed χ2
(j−1)/(n− j). The usual interpre-26

tation applies. If the test statistic is large and its p-value is small, then the null hypothesis27

H0 : σ2
1 = σ2

2 = ... = σ2
j is rejected.28

B Autocorrelation test for instability in Periods 7-1529

Table B1: Autocorrelation test for instability, Periods 7-15.

CPR/PG Theft/No Theft Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

CPR No Theft -0.88 -0.28 0.11 -0.13 -0.34 0.06
CPR Theft 0.31 0.13 -0.58 -0.18 0.18 0.05
PG No Theft 0.67* -0.18 -0.30 0.28 0.42 0.33
PG Theft 0.63* -0.20 0.01 0.14 0.28 0.53

16For the sake of simplicity we drop treatment subscripts. However, this test can be extended to test for
differences in variation between treatments.
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C Experiment instructions1

Note: the instructions to our control treatments were identical to those of Kingsley and Liu2

(2014). The only difference in the instructions to the theft treatments are Tables C1 (CPR)3

and C2 (PG) in Stage 2.4

Instructions5

Welcome to the experiment. Please follow along as these instructions are read. If you have6

a question please raise your hand. This information packet will explain the decision you will7

make and how your decision affects your individual earnings.8

The experiment consists of 15 rounds. You will be randomly grouped together into9

groups of 6. You will then be randomly split between Group 1 (4 members) or Group 2 (210

members) and receive a corresponding group ID. Your group and group ID will remain the11

same throughout the experiment. At no point during this experiment will the other members12

of your group be known to you. You will be compensated, privately and in cash, at the end13

of the experiment.14

Stage 1: Decision (Group 1)15

At the beginning of each round you will each receive 50 Experimental Dollars (ED). The16

decision you are asked to make consists of allocating your 50 ED between two accounts.17

Specifically, you will be asked how many of your 50 ED you would like to invest in Account18

1.19

Account 120

You can choose to invest any whole number, X, into Account 1 between 0 – 50. The payoffs21

you receive from Account 1 depend not only on the amount you invest, but also on the22

investment decisions of the other 3 members of your group, and the decision from Group 2.23

The formula for Account 1 payoffs accompanies Table 1 below. Note that the payoffs in this24

table do not include the decisions of Group 2.25

Account 226

After choosing how many ED to invest in Account 1 your remaining ED will automatically27

be invested in Account 2. The payoffs you receive from Account 2 depend only on your28

investment. Each ED you invest in Account 2 gives you a payoff of 1 ED. Therefore, if you29

invest X ED in Account 1 you will invest (50−X) ED in Account 2 and this will give you30

a payoff of (50−X) ED from Account 2.31

Group 1: Initial Individual Payoff32

Your initial payoffs per round are the sum of your payoffs in Account 1 and your payoffs in33

Account 2. You can accumulate additional earnings each round. At the conclusion of the34
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experiment your accumulated ED will be converted into cash such that 100 ED is worth1

$1.00.2

Table C1 (Table C2) describes your initial individual payoffs where the row labeled3

X shows the different investment levels in Account 1 that you can choose (0 – 50 in steps4

of 5). The column labeled Y shows the different sums of investment in Account 1 that5

the other 3 members of your group may choose (0 – 150 in steps of 5). Table C1 (Table C2)6

shows the initial payoffs you earn if you choose to invest X and the sum of the investment of7

the others is Y. In other words, the entry corresponding to column Y and row X indicates8

your payoffs in case your investment into Account 1 is X and the sum of the investment of9

the others is Y. Note that the payoffs in this table do not include the decisions of Group 2.10

CPR: Notice that for many levels of group investment (Y) an increase in your indi-11

vidual investment (X) increases your individual payoff. To demonstrate, choose a couple12

values for Y and consider your payoffs as X increases. However, for any level of individual13

investment (X ¿ 0) an increase in group investment (Y) decreases your individual payoff.14

To demonstrate, choose a couple values for X and consider your payoffs as Y increases.15

Spend a minute or two looking at Table C1 and ask any questions you have.16

Y/X 0 5 10 15 20 25 30 35 40 45 50

0 50.00 74.38 97.50 119.38 140.00 159.38 177.50 194.38 210.00 224.38 237.50
5 50.00 73.75 96.25 117.50 137.50 156.25 173.75 190.00 205.00 218.75 231.25
10 50.00 73.12 95.00 115.62 135.00 153.12 170.00 185.62 200.00 213.12 225.00
15 50.00 72.50 93.75 113.75 132.50 150.00 166.25 181.25 195.00 207.50 218.75
20 50.00 71.88 92.50 111.88 130.00 146.88 162.50 176.88 190.00 201.88 212.50
25 50.00 71.25 91.25 110.00 127.50 143.75 158.75 172.50 185.00 196.25 206.25
30 50.00 70.62 90.00 108.12 125.00 140.62 155.00 168.12 180.00 190.62 200.00
35 50.00 70.00 88.75 106.25 122.50 137.50 151.25 163.75 175.00 185.00 193.75
40 50.00 69.38 87.50 104.38 120.00 134.38 147.50 159.38 170.00 179.38 187.50
45 50.00 68.75 86.25 102.50 117.50 131.25 143.75 155.00 165.00 173.75 181.25
50 50.00 68.12 85.00 100.62 115.00 128.12 140.00 150.62 160.00 168.12 175.00
55 50.00 67.50 83.75 98.75 112.50 125.00 136.25 146.25 155.00 162.50 168.75
60 50.00 66.88 82.50 96.88 110.00 121.88 132.50 141.88 150.00 156.88 162.50
65 50.00 66.25 81.25 95.00 107.50 118.75 128.75 137.50 145.00 151.25 156.25
70 50.00 65.62 80.00 93.12 105.00 115.62 125.00 133.12 140.00 145.62 150.00
75 50.00 65.00 78.75 91.25 102.50 112.50 121.25 128.75 135.00 140.00 143.75
80 50.00 64.38 77.50 89.38 100.00 109.38 117.50 124.38 130.00 134.38 137.50
85 50.00 63.75 76.25 87.50 97.50 106.25 113.75 120.00 125.00 128.75 131.25
90 50.00 63.12 75.00 85.62 95.00 103.12 110.00 115.63 120.00 123.12 125.00
95 50.00 62.50 73.75 83.75 92.50 100.00 106.25 111.25 115.00 117.50 118.75
100 50.00 61.88 72.50 81.88 90.00 96.88 102.50 106.88 110.00 111.88 112.50
105 50.00 61.25 71.25 80.00 87.50 93.75 98.75 102.50 105.00 106.25 106.25
110 50.00 60.62 70.00 78.12 85.00 90.62 95.00 98.12 100.00 100.62 100.00
115 50.00 60.00 68.75 76.25 82.50 87.50 91.25 93.75 95.00 95.00 93.75
120 50.00 59.38 67.50 74.38 80.00 84.38 87.50 89.38 90.00 89.38 87.50
125 50.00 58.75 66.25 72.50 77.50 81.25 83.75 85.00 85.00 83.75 81.25
130 50.00 58.12 65.00 70.62 75.00 78.12 80.00 80.62 80.00 78.12 75.00
135 50.00 57.50 63.75 68.75 72.50 75.00 76.25 76.25 75.00 72.50 68.75
140 50.00 56.88 62.50 66.88 70.00 71.88 72.50 71.88 70.00 66.88 62.50
145 50.00 56.25 61.25 65.00 67.50 68.75 68.75 67.50 65.00 61.25 56.25
150 50.00 55.62 60.00 63.12 65.00 65.62 65.00 63.12 60.00 55.62 50.00

Table C1: Total Individual Payoff =
X

X + Y

[
6(X + Y )− 0.025(X + Y )2

]
︸ ︷︷ ︸

Account 1 Payoff

+ (50−X)︸ ︷︷ ︸
Account 2 Payoff

PG: Notice that for many levels of group investment (Y) a decrease in your individual17

investment (X) increases your individual payoff. To demonstrate, choose a couple values18

for Y and consider your payoffs as X decreases. Similarly, for many levels of individual19
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investment (X) an increase in group investment (Y) increases your individual payoff. To1

demonstrate, choose a couple values for X and consider your payoffs as Y increases. Spend2

a minute or two looking at Table C2 and ask any questions you have.3

Y/X 0 5 10 15 20 25 30 35 40 45 50

0 50.00 52.34 54.38 56.09 57.50 58.59 59.38 59.84 60.00 59.84 59.38
5 57.34 59.38 61.09 62.50 63.59 64.38 64.84 65.00 64.84 64.38 63.59
10 64.38 66.09 67.50 68.59 69.38 69.84 70.00 69.84 69.38 68.59 67.50
15 71.09 72.50 73.59 74.38 74.84 75.00 74.84 74.38 73.59 72.50 71.09
20 77.50 78.59 79.38 79.84 80.00 79.84 79.38 78.59 77.50 76.09 74.38
25 83.59 84.38 84.84 85.00 84.84 84.38 83.59 82.50 81.09 79.38 77.34
30 89.38 89.84 90.00 89.84 89.38 88.59 87.50 86.09 84.38 82.34 80.00
35 94.84 95.00 94.84 94.38 93.59 92.50 91.09 89.38 87.34 85.00 82.34
40 100.00 99.84 99.38 98.59 97.50 96.09 94.38 92.34 90.00 87.34 84.38
45 104.84 104.38 103.59 102.50 101.09 99.38 97.34 95.00 92.34 89.38 86.09
50 109.38 108.59 107.50 106.09 104.38 102.34 100.00 97.34 94.38 91.09 87.50
55 113.59 112.50 111.09 109.38 107.34 105.00 102.34 99.38 96.09 92.50 88.59
60 117.50 116.09 114.38 112.34 110.00 107.34 104.38 101.09 97.50 93.59 89.38
65 121.09 119.38 117.34 115.00 112.34 109.38 106.09 102.50 98.59 94.38 89.84
70 124.38 122.34 120.00 117.34 114.38 111.09 107.50 103.59 99.38 94.84 90.00
75 127.34 125.00 122.34 119.38 116.09 112.50 108.59 104.38 99.84 95.00 89.84
80 130.00 127.34 124.38 121.09 117.50 113.59 109.38 104.84 100.00 94.84 89.38
85 132.34 129.38 126.09 122.50 118.59 114.38 109.84 105.00 99.84 94.38 88.59
90 134.38 131.09 127.50 123.59 119.38 114.84 110.00 104.84 99.38 93.59 87.50
95 136.09 132.50 128.59 124.38 119.84 115.00 109.84 104.38 98.59 92.50 86.09
100 137.50 133.59 129.38 124.84 120.00 114.84 109.38 103.59 97.50 91.09 84.38
105 138.59 134.38 129.84 125.00 119.84 114.38 108.59 102.50 96.09 89.38 82.34
110 139.38 134.84 130.00 124.84 119.38 113.59 107.50 101.09 94.38 87.34 80.00
115 139.84 135.00 129.84 124.38 118.59 112.50 106.09 99.38 92.34 85.00 77.34
120 140.00 134.84 129.38 123.59 117.50 111.09 104.38 97.34 90.00 82.34 74.38
125 139.84 134.38 128.59 122.50 116.09 109.38 102.34 95.00 87.34 79.38 71.09
130 139.38 133.59 127.50 121.09 114.38 107.34 100.00 92.34 84.38 76.09 67.50
135 138.59 132.50 126.09 119.38 112.34 105.00 97.34 89.38 81.09 72.50 63.59
140 137.50 131.09 124.38 117.34 110.00 102.34 94.38 86.09 77.50 68.59 59.38
145 136.09 129.38 122.34 115.00 107.34 99.38 91.09 82.50 73.59 64.38 54.84
150 134.38 127.34 120.00 112.34 104.38 96.09 87.50 78.59 69.38 59.84 50.00

Table C2: Total Individual Payoff = 0.25
[
6(X + Y )− 0.025(X + Y )2

]︸ ︷︷ ︸
Account 1 Payoff

+ (50−X)︸ ︷︷ ︸
Account 2 Payoff

Initial Group Payoff4

Table C3 describes the initial group payoff. That is, the sum of the initial individual payoffs5

for each member of the group. Again, X represents your individual Account 1 investment,6

and Y represents the sum of Account 1 investment from the other three members of your7

group. Notice that initial group payoff increases until a total (X+Y) of 100 ED are invested8

into Account 1 and decreases thereafter. Again, note that the payoffs in this table do not9

include the decisions of Group 2. Spend a minute or two looking at Table C3 and ask any10

questions you have.11
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Y/X 0 5 10 15 20 25 30 35 40 45 50

0 200.00 224.38 247.50 269.38 290.00 309.38 327.50 344.38 360.00 374.38 387.50
5 224.38 247.50 269.38 290.00 309.38 327.50 344.38 360.00 374.38 387.50 399.38
10 247.50 269.38 290.00 309.38 327.50 344.38 360.00 374.38 387.50 399.38 410.00
15 269.38 290.00 309.38 327.50 344.38 360.00 374.38 387.50 399.38 410.00 419.38
20 290.00 309.38 327.50 344.38 360.00 374.38 387.50 399.38 410.00 419.38 427.50
25 309.38 327.50 344.38 360.00 374.38 387.50 399.38 410.00 419.38 427.50 434.38
30 327.50 344.38 360.00 374.38 387.50 399.38 410.00 419.38 427.50 434.38 440.00
35 344.38 360.00 374.38 387.50 399.38 410.00 419.38 427.50 434.38 440.00 444.38
40 360.00 374.38 387.50 399.38 410.00 419.38 427.50 434.38 440.00 444.38 447.50
45 374.38 387.50 399.38 410.00 419.38 427.50 434.38 440.00 444.38 447.50 449.38
50 387.50 399.38 410.00 419.38 427.50 434.38 440.00 444.38 447.50 449.38 450.00
55 399.38 410.00 419.38 427.50 434.38 440.00 444.38 447.50 449.38 450.00 449.38
60 410.00 419.38 427.50 434.38 440.00 444.38 447.50 449.38 450.00 449.38 447.50
65 419.38 427.50 434.38 440.00 444.38 447.50 449.38 450.00 449.38 447.50 444.38
70 427.50 434.38 440.00 444.38 447.50 449.38 450.00 449.38 447.50 444.38 440.00
75 434.38 440.00 444.38 447.50 449.38 450.00 449.38 447.50 444.38 440.00 434.38
80 440.00 444.38 447.50 449.38 450.00 449.38 447.50 444.38 440.00 434.38 427.50
85 444.38 447.50 449.38 450.00 449.38 447.50 444.38 440.00 434.38 427.50 419.38
90 447.50 449.38 450.00 449.38 447.50 444.38 440.00 434.38 427.50 419.38 410.00
95 449.38 450.00 449.38 447.50 444.38 440.00 434.38 427.50 419.38 410.00 399.38
100 450.00 449.38 447.50 444.38 440.00 434.38 427.50 419.38 410.00 399.38 387.50
105 449.38 447.50 444.38 440.00 434.38 427.50 419.38 410.00 399.38 387.50 374.38
110 447.50 444.38 440.00 434.38 427.50 419.38 410.00 399.38 387.50 374.38 360.00
115 444.38 440.00 434.38 427.50 419.38 410.00 399.38 387.50 374.38 360.00 344.38
120 440.00 434.38 427.50 419.38 410.00 399.38 387.50 374.38 360.00 344.38 327.50
125 434.38 427.50 419.38 410.00 399.38 387.50 374.38 360.00 344.38 327.50 309.38
130 427.50 419.38 410.00 399.38 387.50 374.38 360.00 344.38 327.50 309.38 290.00
135 419.38 410.00 399.38 387.50 374.38 360.00 344.38 327.50 309.38 290.00 269.38
140 410.00 399.38 387.50 374.38 360.00 344.38 327.50 309.38 290.00 269.38 247.50
145 399.38 387.50 374.38 360.00 344.38 327.50 309.38 290.00 269.38 247.50 224.38
150 387.50 374.38 360.00 344.38 327.50 309.38 290.00 269.38 247.50 224.38 200.00

Table C3: Total Group 1 Payoff =
[
6(X + Y )− 0.025(X + Y )2

]︸ ︷︷ ︸
Account 1 Payoff

+(200− (X + Y ))︸ ︷︷ ︸
Account 2 Payoff

Stage 2: Decision (Group 2)1

At the beginning of each round you will each receive 50 Experimental Dollars (ED). The2

decision you are asked to make is how many of your 50 ED you would like to use to take3

from the payoff of Account 1.4

Taking from Account 15

After members of Group 1 have made their decisions, you will see the initial payoff from6

Account 1. By investing some amount of your 50 ED, you can transfer payoffs from Account7

1 to yourself. The formula for payoffs from Account 1 accompanies Table 3 below.8

Account 29

After choosing how many ED to invest in a take from Account 1 your remaining ED will10

automatically be invested in Account 2. The payoffs you receive from Account 2 depend only11

on your investment. Each ED you invest in Account 2 gives you a payoff of 1 ED. Therefore,12

if you invest X ED in Account 1 you will invest (50−X) ED in Account 2 and this will give13

you a payoff of (50−X) ED from Account 2.14
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Group 2: Initial Individual Payoff1

Your initial payoffs per round are the sum of your payoffs in Account 1 and your payoffs in2

Account 2. You can accumulate additional earnings each round. At the conclusion of the3

experiment your accumulated ED will be converted into cash such that 100 ED is worth4

$1.00.5

Table C4 describes your initial individual payoffs where the row labeled X shows the6

different levels of investment you choose to transfer the payoffs from Account 1 to yourself (07

– 50 in steps of 5). The column labeled P shows the different payoffs of Account 1 based on8

the decisions of Group 1. Table C4 shows the initial payoffs you earn if you choose to invest9

X and the payoffs of Account 1 are P. In other words, the entry corresponding to column10

P and row X indicates your payoffs when the payoffs to Account 1 are P and you invest X.11

Notice that for all levels of payoffs to Account 1 an increase in your take (X) increases your12

individual payoff. To demonstrate, choose a couple values for P and consider your payoffs13

as X increases. Spend a minute or two looking at Table 3 and ask any questions you have.14
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P/X 0 5 10 15 20 25 30 35 40 45 50

0 50.00 45.00 40.00 35.00 30.00 25.00 20.00 15.00 10.00 5.00 0.00
10 50.00 45.25 40.50 35.75 31.00 26.25 21.50 16.75 12.00 7.25 2.50
20 50.00 45.50 41.00 36.50 32.00 27.50 23.00 18.50 14.00 9.50 5.00
30 50.00 45.75 41.50 37.25 33.00 28.75 24.50 20.25 16.00 11.75 7.50
40 50.00 46.00 42.00 38.00 34.00 30.00 26.00 22.00 18.00 14.00 10.00
50 50.00 46.25 42.50 38.75 35.00 31.25 27.50 23.75 20.00 16.25 12.50
60 50.00 46.50 43.00 39.50 36.00 32.50 29.00 25.50 22.00 18.50 15.00
70 50.00 46.75 43.50 40.25 37.00 33.75 30.50 27.25 24.00 20.75 17.50
80 50.00 47.00 44.00 41.00 38.00 35.00 32.00 29.00 26.00 23.00 20.00
90 50.00 47.25 44.50 41.75 39.00 36.25 33.50 30.75 28.00 25.25 22.50
100 50.00 47.50 45.00 42.50 40.00 37.50 35.00 32.50 30.00 27.50 25.00
110 50.00 47.75 45.50 43.25 41.00 38.75 36.50 34.25 32.00 29.75 27.50
120 50.00 48.00 46.00 44.00 42.00 40.00 38.00 36.00 34.00 32.00 30.00
130 50.00 48.25 46.50 44.75 43.00 41.25 39.50 37.75 36.00 34.25 32.50
140 50.00 48.50 47.00 45.50 44.00 42.50 41.00 39.50 38.00 36.50 35.00
150 50.00 48.75 47.50 46.25 45.00 43.75 42.50 41.25 40.00 38.75 37.50
160 50.00 49.00 48.00 47.00 46.00 45.00 44.00 43.00 42.00 41.00 40.00
170 50.00 49.25 48.50 47.75 47.00 46.25 45.50 44.75 44.00 43.25 42.50
180 50.00 49.50 49.00 48.50 48.00 47.50 47.00 46.50 46.00 45.50 45.00
190 50.00 49.75 49.50 49.25 49.00 48.75 48.50 48.25 48.00 47.75 47.50
200 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
210 50.00 50.25 50.50 50.75 51.00 51.25 51.50 51.75 52.00 52.25 52.50
220 50.00 50.50 51.00 51.50 52.00 52.50 53.00 53.50 54.00 54.50 55.00
230 50.00 50.75 51.50 52.25 53.00 53.75 54.50 55.25 56.00 56.75 57.50
240 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00
250 50.00 51.25 52.50 53.75 55.00 56.25 57.50 58.75 60.00 61.25 62.50
260 50.00 51.50 53.00 54.50 56.00 57.50 59.00 60.50 62.00 63.50 65.00
270 50.00 51.75 53.50 55.25 57.00 58.75 60.50 62.25 64.00 65.75 67.50
280 50.00 52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00 68.00 70.00
290 50.00 52.25 54.50 56.75 59.00 61.25 63.50 65.75 68.00 70.25 72.50
300 50.00 52.50 55.00 57.50 60.00 62.50 65.00 67.50 70.00 72.50 75.00
310 50.00 52.75 55.50 58.25 61.00 63.75 66.50 69.25 72.00 74.75 77.50
320 50.00 53.00 56.00 59.00 62.00 65.00 68.00 71.00 74.00 77.00 80.00
330 50.00 53.25 56.50 59.75 63.00 66.25 69.50 72.75 76.00 79.25 82.50
340 50.00 53.50 57.00 60.50 64.00 67.50 71.00 74.50 78.00 81.50 85.00
350 50.00 53.75 57.50 61.25 65.00 68.75 72.50 76.25 80.00 83.75 87.50
360 50.00 54.00 58.00 62.00 66.00 70.00 74.00 78.00 82.00 86.00 90.00

Table C4: Total Individual Payoff = (X)(0.01)(0.5)(P )︸ ︷︷ ︸
Account 1 Take Payoff

+ (50−X)︸ ︷︷ ︸
Account 2 Payoff

,

where P = 6(Total Group Investment)− 0.025(Total Group 1 Investment)2

Stage 3: Initial Payoffs (Group 1 & Group 2)1

• Group 1. In this stage you will view: (1) your individual investment decision X, (2)2

the sum of all Account 1 investment (including yours) by the group X + Y , (3) the3

initial payoff to your group from Account 1, (4) the total amount of Account 1 taken4

by Group 2, (5) the total losses due to the decisions by members of Group 2, (6) your5

Account 1 payoff, (7) your Account 2 payoff and (8) your initial payoff (Account 1 +6

Account 2).7

• Group 2. In this stage you will view: (1) your individual investment decision (your8

take from Account 1 payoffs), (2) your Account 1 payoff, (3) your Account 2 payoff9

and (4) your individual payoff (Account 1 + Account 2).10
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Stage 4: Deductions (Group 1 & Group 2)1

In this stage, you can decide to decrease the payoff of Group 2 participants by assigning2

deduction points. Only members of Group 1 can assign deduction points. If you are a3

member of Group 1, you may enter a number of deduction points for each participant. If4

you do not wish to change the payoff of a participant, then you must enter 0.5

Assigning deductions: Group 16

You will incur costs from assigning deduction points. Each deduction point you assign will7

cost you $1ED and cost the receiver $3ED.8

For example, if you assign 2 deduction points to a Group 2 participant, this costs you9

$2ED and it costs the receiver $6ED. If you assign 4 deduction points the other Group10

2 participant, this costs you an additional $4ED and it costs the receiver $12ED. In this11

example you will have assigned 6 deduction points, costing you $6ED. To view the cost of12

your assigned deductions, click the button Cost.13

Your deduction assignment cost is calculated as:

Total cost of assigned deductions = 1× Total assigned deduction points

You can change your decision as long as you have not left the stage. To recalculate the costs14

after changing your assigned points, simply click Cost again.15

Please note your cost of assigned deductions cannot exceed your initial payoff.16

Receiving deductions: Group 217

If you receive a total of one deduction point, your payoff will be decreased by $3ED. If you
receive a total of 2 deduction points, your payoff will be decreased by $6ED, and so on. Your
loss from received deductions are calculated as:

Total cost of received deductions = 3× Total received deduction points

Please note, your cost of received deductions cannot exceed your initial payoff.18

Stage 5: Total Payoffs (Group 1 & Group 2)19

• Group 1. In this stage you will view: (1) your initial payoff, (2) your loss from de-20

ductions (based on the number of deduction points you assigned), (3) your total payoff21

for this period (initial payoff minus deductions) and (4) your accumulated earnings up22

to this point in the game.23

• Group 2. In this stage you will view: (1) your initial payoff, (2) the total deduction24

points assigned to you by members of Group 1, (3) your loss from deductions, (4) your25

total payoff for this period (initial payoff minus deductions), and (4) your accumulated26

earnings up to this point in the game.27
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