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Abstract

We present results from common pool resource experiments designed to examine the ability
of a group of resource users, called insiders, to simultaneously manage their own exploitation
and defend their resource from encroachment by outsiders. The insiders can use communi-
cation, peer monitoring and sanctions to coordinate their decisions. In addition, they can
sanction any outsiders they observe. We vary the insiders’ ability to observe and sanction
the outsiders from no observability to partial and full observability. We find a striking non-
monotonicity between observability of the outsiders and levels of poaching. Poaching was
higher under partial monitoring than zero monitoring, and was lower and more stable under
full monitoring. Although full observability allowed the insiders to better coordinate their
own harvests, they were unable to fully deter poaching because their sanctions were far too
low and they were unwilling to punish low levels of poaching.
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1. Introduction

Common-pool resources are prone to over-exploitation. However, observational and ex-
perimental evidence show that common pool users can often govern themselves to success-
fully protect their resource from exhaustion and resolve the social dilemma (Berkes 1985,
Ostrom et al. 1992). Successful collective action relies on the development and enforcement
of group norms. In particular, self-governance in practice and in laboratory settings often
obtains from group communication and the mutual monitoring and sanctioning of group
members who violate implicit or explicit norms of conservation.

However, there are many problems of common pool resources in which groups must not
only regulate their own behavior but also deter outsiders from poaching. These include
territorial user rights fisheries (TURFS) and the many other kinds of fishing cooperatives
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which exist worldwide (Deacon 2012, Ovando et al. 2013).1 Space-based rights systems allo-
cate fishing rights in a designated geographic area to a specific group of resource users, thus
mitigating the open-access problem (Wilen et al. 2012).2 Users are then in a better position
to devise and enforce rules that increase the value of the resource. Crucially, this presumes
that resource boundaries are effectively enforced, since successful internal coordination of
harvests increases the threat of poaching. In settings in which the government is unable
to provide boundary enforcement, users themselves must provide this defense. Our work is
primarily motivated by the management of common pool natural resources, but there are
potential applications beyond this context. Similar applications may include cooperative
efforts by firms to share information and resources to protect themselves against cyber at-
tacks (Kobayashi 2006), and neighborhood watch groups who seek to limit crime in their
neighborhoods by sharing information with each other and with police (Brush et al. 2013).

The literature that uses economic experiments to investigate self-governance of common
pool resources is large and active, but to our knowledge none of it is concerned with self-
governance that includes protecting resources from outside encroachment. Accordingly, we
have designed and conducted laboratory experiments to examine the ability of a group of
resource users to simultaneously manage their own exploitation and defend the resource from
poaching. Five subjects, referred to as insiders, harvest a common pool resource. They are
able to communicate with each other, monitor each others’ harvests freely, and sanction
each other with cost. Social dilemma experiments with communication, peer monitoring
and sanctioning have been studied extensively (e.g. Ostrom et al. 1992, Fehr and Gächter
2000, Cason and Gangadharan 2015, and many others). What is new with this study is the
addition of a group of three subjects, referred to as outsiders, who can also harvest from the
resource.

With our experiments we wish to examine how the insiders’ ability to detect and sanction
outsiders affects the management of the common pool resource. Thus, the treatment variable
in our experiments is whether the insiders can observe and sanction none, all, or a subset of
the outsiders. In the Zero Monitoring treatment none of the outsiders could be monitored,
and thus serves as the control treatment. In the Partial Monitoring treatment, the insiders
could observe the harvests of just one of the three outsiders in a round, and they could
choose to sanction this individual. Finally, in the Full Monitoring treatment the insiders
could observe the harvests of each of the outsiders, and they could choose to sanction any
of them.

Our analysis focuses on how differences in the ability of the insiders to detect poaching
affects their ability to coordinate their own harvests and to deter the outsiders. While
we observe little variation in insider harvests across treatments, we present evidence that

1Prominent examples of TURFs include those for nearshore resources in Chile, Japan (Wilen et al. 2012,
Gelcich et al. 2010), Taiwan (Lin et al. 2013) and South Africa (Muchapondwa et al. 2014, Hauck and Sweijd
1999). The famous lobster gangs of Maine offer another example of common pool resource users cooperating
to defend territorial boundaries (Acheson 1988).

2This is consistent with the first of the design principles for effective decentralized management developed
by Elinor Ostrom (Ostrom 1990, McGinnis and Ostrom 1996). This principle is that the boundaries of a
resource system and the individuals with rights to harvest the resource are clearly defined.
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full observability of the outsiders allowed the insiders to better coordinate their harvests.
However, the insiders were not able to coordinate their poaching sanctions well enough to
fully deter the outsiders in the Partial and Full Monitoring treatments—their sanctions were
far too low and they were unwilling to punish low levels of poaching.

Changes in the insiders’ observability of outsider behavior produced significant variation
in outsider harvests, including a pronounced non-monotonicity. In the Zero Monitoring
treatment, in which the outsiders faced no consequences for encroachment, they showed
considerable restraint by harvesting significantly less than levels implied by noncooperative
Nash behavior. However, in the Partial Monitoring treatment, similar restraint early on gave
way to the highest levels of poaching observed in the entire experiment. We suspect that the
low, random sanctions in this treatment eroded the outsiders’ willingness to restrain their
harvests. By contrast, poaching was significantly less in the Full Monitoring treatment than
in the other treatments. In addition, the variation in both insider and outsider harvests was
significantly lower in the Full Monitoring treatment, suggesting that perfect observability
allowed the insiders to exercise more consistent control over the exploitation of their resource.
Overall, our results suggest that common pool resource users may often have a very difficult
time deterring outside encroachment on their own, especially in settings in which the outside
threat is imperfectly observed.

The remainder of the paper proceeds as follows. In Section 2 we briefly review the
experimental literature that is most closely related to our study. In Section 3 we present
our experimental design, and in Section 4 we present our results. We conclude in Section 5.

2. Related Experimental Literature

This work builds on and adds to a large literature that uses economic experiments to
examine individual behavior in social dilemmas. Most of this literature focuses on the vol-
untary provision of public goods, but a significant portion has examined behavior in the
context of common pool resources. (See Chakravarty et al. (2011) for a detailed review of
the literature.) Standard economic theory predicts that self-interested individuals will not
provide efficient amounts of public goods or efficiently conserve common pool resources be-
cause of the divergence between private and group interests. In reality, however, groups have
devised a myriad of institutions for collective action that help them achieve better outcomes
(Ostrom 1990), and many of these institutions have been examined with laboratory experi-
ments, especially the institutions of communication, peer monitoring and the sanctioning of
noncooperative individuals.

Yamagishi (1986) appears to be the first to give subjects the opportunity to fund a system
that sanctions low contributors in a public goods experiment. Ostrom et al. (1992) conducted
a common pool resource experiment and found that when subjects were allowed to communi-
cate and sanction each other they were gradually able to reduce over-harvesting. Similarly,
Fehr and Gächter (2000) found that sanctioning free-riding behavior increased voluntary
contributions to public goods. These results were somewhat surprising, because sanction-
ing in these experiments is costly enough so that strictly self-interested, payoff-maximizing
individuals would not sanction others. However, later work confirmed and extended these
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conclusions. For example, Masclet et al. (2003) found that informal, non-monetary sanctions
increased contributions over time, though they were less successful at deterring noncoop-
erative behavior than formal, monetary sanctions. Cinyabuguma et al. (2005) found high
levels of public good provision when subjects could expel members from the group, while
Casari and Luini (2009) found higher cooperation levels in a public goods experiment in
which sanctions were decided by consensus instead of individually. Our experiments allow
for communication and peer monitoring and monetary punishment, but only by a group of
insiders who are simultaneously trying to manage their harvests of a common pool resource
and deter outsiders.

Other authors have explored how certain aspects of social dilemmas can diminish the
effects of communication and peer monitoring and sanctions. Nikiforakis (2008) found that
cooperation erodes in the presence of retaliatory sanctioning of cooperative individuals who
sanction free-riders. Fowler (2005) found that second-order free-riders – individuals who
abstain from sanctioning first-order free riders so as not to incur additional costs – diminish
the influence of sanctioning behavior. Cason and Gangadharan (2015) revisited the nonlinear
payoff structure of Ostrom et al. (1992). They noted that nonlinear payoffs push the social
optimum and Nash equilibrium closer together, and hypothesize that subjects may have a
harder time distinguishing pro-social from anti-social behavior in non-linear environments.
Accordingly, Cason and Gangadharan (2015) found more cooperative behavior in a linear-
payoff environment than in a comparable non-linear environment. Our experiments feature
a non-linear environment that is similar to that of Ostrom et al. (1992) and Cason and
Gangadharan (2015).

Another real aspect of social dilemmas that has been shown to complicate cooperation in
the lab is that individuals often have a limited ability to observe the behavior of their peers.
A number of authors have examined how imperfect peer monitoring, that is, the stochastic
ability to observe other’s behavior, affects voluntary public good contributions. In a public
goods experiment without sanctioning Spraggon et al. (2015) found that the random public
revelation of individuals’ contributions led to greater contributions, but there was not a
significant difference between revealing three of five individuals’ contributions and revealing
every individuals’ contributions. In games of both imperfect monitoring and sanctioning,
Carpenter et al. (2012) and Boosey and Isaac (2016) note that imperfect monitoring results
from the monitoring network that governs the interactions between individuals, and thus the
manner in which imperfect monitoring affects cooperation is determined by the underlying
network structure. Our experiments can also be viewed as varying the network structure
of a common pool resource game. Our experiments feature perfect monitoring within the
inside group, the outsiders cannot monitor any other subject, and the treatment variable of
interest is whether the insiders can observe the harvests of zero, one, or all of the outsiders.3

Given that our experiments feature two groups harvesting from the same common pool

3Other literature examines the impact of inaccurate monitoring on cooperation. For example, in the
experiments of Ambrus and Greiner (2012) and Grechenig et al. (2010), subjects’ public good contributions
were revealed with some stochastic error about their true contributions. Ambrus and Greiner (2012) found
that subjects playing a public goods game with accurate monitoring cooperated more and enjoyed higher
payoffs when they had a more severe punishment technology (i.e., a 1:6 cost-to-sanction scheme instead
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resource, the literature on the effects of group competition on cooperation may be rele-
vant. The consistent finding from this literature is that between-group competition tends to
improve within-group cooperation by pitting group members against a common opponent
instead of one another (Bornstein and Ben-Yossef 1994, Gunnthorsdottir and Rapoport
2006, Tan and Bolle 2007, Markussen et al. 2014, Cárdenas and Mantilla 2015). In this
literature, however, the benefits of increased within-group cooperation accrue exclusively to
group members. This assumption fails to hold when the threat of poaching is introduced to
a social dilemma, as poaching is characterized by independent outsiders who can capture the
benefit of insider efforts to conserve the resource. Therefore, the conclusions of the literature
on inter-group competition cannot be directly applied to our poaching problem.

In fact, Schmitt et al. (2000) is the only other published study that we are aware of that
uses economic experiments to investigate the problem of outsiders encroaching on a common
pool resource. In this paper, the authors focused on the effectiveness of communication in
producing more efficient harvests when communication is limited to a subset of harvesters.
Their results suggest that communication may not be very effective at coordinating harvests
when there are outsiders exploiting the same resource. There are two main differences
between our work and Schmitt et al. (2000). First, given the intuitive findings of Schmitt
et al. and the contexts we are interested in, we chose not to explore the effectiveness of
communication in the presence of outsiders – the insiders in our experiments could always
communicate with each other. Second, and more importantly, Schmitt et al. (2000) did
not give their insiders the ability to monitor and sanction outsider harvests. In contrast,
monitoring and its effects on the ability of a group of common pool resource users to deter
encroachment is the main focus of our work.

3. Experimental design

3.1. The CPR environment

In our experiments, two groups, insiders and outsiders, harvest from a common pool
resource. The insiders may use communication, peer monitoring and punishment to co-
ordinate their harvests, and they may punish outsiders for harvesting the resource if they
observe them. The outsiders are not able to sanction anyone, and they cannot communicate
with each other or with the insiders.

3.1.1. Payoffs

The experimental design is an extension of Ostrom et al. (1992), who model a common
pool resource exploited by a fixed number n of identical, risk neutral harvesters. Excluding

of a 1:3 scheme that is more commonly used). Under accurate monitoring, sanctioning was concentrated
early on to set a precedent of enforcement. Establishing an enforcement precedent was more difficult under
inaccurate monitoring, so the benefits of increased contributions with a more severe punishment technology
were offset by the costs of more frequent sanctions. These results are consistent with Grechenig et al. (2010),
who also found that inaccurate monitoring led to more punishment and reduced payoffs. In our experiments,
insiders can observe the harvests of the outsiders without error or not at all.
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the costs of sanctioning others or being sanctioned by others, a harvester h has the payoff
function,

πh = c(e− gh) +
gh
G
F (G), (1)

where e is the harvester’s endowment that can be used to harvest gh from the resource or
in another pursuit with constant marginal return c. In addition, G =

∑n
h=1 gh is aggregate

harvest and F (G) = aG−bG2. F (G) is interpreted as the return to the group from aggregate
harvests G, of which h earns a share gh/G. Substituting F (G) into (1) yields

πh = c(e− gh) + gh(a− bG). (2)

The parameters of the payoff function satisfy a > c > b > 0 and 0 < b < 1.
The harvesters are divided into insiders and outsiders: there are ni insiders and no

outsiders, with ni + no = n. Individual h belonging to group k harvests ghk. Aggregate
insider harvests are Gi =

∑ni

h=1 ghi and aggregate outsider harvests are Go =
∑no

h=1 gho. In
our experiments, each subject received a fixed payment T > 0 to guard against bankruptcy.
Making these modifications to (2) gives us the payoff function for a harvester h in group k,

πhk = T + c(e− ghk) + ghk (a− b (Gi +Go)) . (3)

The parameters we use in our experiments are given in Table 1.

Parameter n ni no a b c e T
Value 8 5 3 31 0.4 2 12 88.8

Table 1: Experiment parameters

3.1.2. Sanctions and deterrence

As is typical in the peer monitoring and punishment literature, insiders can punish other
insiders to motivate more conservative harvests within their group. In our experiments the
insiders can also punish the outsiders they observe to deter them from poaching. We adopt
the seminal design of Fehr and Gächter (2002) and allow insiders to sanction others on a 1:3
basis. It costs an insider one experimental dollar to reduce the payoff of another subject by
3 dollars.4

Insiders can always observe the harvests of other group members, but they may have
a limited ability to observe and sanction the outsiders. Suppose that insiders can observe
without cost the harvests of nm ≤ no outsiders, chosen randomly. It is well known that
punishment is a public good that suffers from the standard free-rider problem (Chaudhuri,
2011). Since individual insiders have little incentive to unilaterally punish others, to deter

4The 1:3 cost-to-sanction ratio has become standard in the literature, but other authors have explored
alternatives. For example, Egas and Riedl (2008) found higher levels of cooperation with smaller cost-to-
sanction ratios. Nikiforakis and Normann (2008) suggest that 1:3 peer punishment may be the minimum
cost-to-sanction ratio needed to sustain cooperation in laboratory public goods games.
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poaching they must collectively commit to a punishment threat. Suppose that the insiders
commit to imposing a punishment p on any outsider they observe. Finding the punishment
threat that will deter an outsider is straightforward. Outsider h’s expected payoff from
poaching is πho − p(nm/no), while he simply earns the value of his endowment T + ce if he
does not poach. The minimum punishment threat that deters the outsider from poaching is
p such that πho − p(nm/no) ≤ T + ce, yielding

p =
no(πho − (T + ce))

nm

.

This relationship implies that to deter poaching, insiders much commit to sanctions that
remove the gain from any poaching they observe (i.e., πho− (T +ce)), times the reciprocal of
the proportion of outsiders they can observe (no/nm). For example, if the insiders are able
to observe the harvests of only one of three outsiders, then they must commit to imposing a
punishment that is three times the gain from the observed outsider’s poaching. We should
emphasize that establishing a credible threat to deter poaching may be very difficult. For
all poaching the insiders observe, each of them must overcome their incentive to free-ride on
the punishment choices of other group members, and they must collectively decide how to
distribute the burden of punishment.

In addition, the insiders must agree on how to sanction poaching. They could, for
example, impose higher sanctions on higher levels of poaching. Doing so would have the
benefit of providing marginal deterrence to limit poaching even if the insiders failed to
provide full deterrence to completely eliminate poaching. On the other hand, if insiders do
not condition their sanctions on the level of poaching, then a particular sanction becomes
a fixed component of an outsider’s payoff and the threat of sanctions will either fully deter
poaching or not at all. The experimental design does not suggest a particular strategy for
sanctioning poaching, so the form of this strategy is an empirical matter that we address in
our results.

3.1.3. Benchmarks

In the meantime, it is useful to derive benchmark outcomes under the assumptions that
the insiders fully deter the outsiders or not at all. Given the parameters of our experiments
in Table 1, we present several benchmarks in Table 2. In this table, gi and πi denote
symmetric harvests and payoffs for the insiders, while go and πo denote symmetric harvests
and payoffs for the outsiders. The payoffs do not include sanctions sent or received, because
sanctions do not occur in these outcomes. If the insiders fully deter the outsiders then they
are never sanctioned. If the insiders fail to deter the outsiders at all, then sanctions are not
worthwhile.

The first benchmark in Table 2, denoted S, is the social optimum in which the harvests
of both insiders and outsiders are chosen to maximize the joint payoffs of all harvesters
combined. Of course, achieving this outcome would require coordinating the harvests of
all insiders and outsiders, which is not possible in our experiments. Another standard
benchmark for games of this sort is the noncooperative pure-strategy Nash equilibrium,
which is denoted NC/ND in Table 2. In our context, this outcome obtains when the
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Outcome gi πi go πo niπi + noπo

S 4.53 178.40 4.53 178.40 1427.20

NC/ND 8.05 138.90 8.05 138.90 1111.20

C/ND 3.65 139.45 12 200.40 1298.45

C/D 7.25 217.93 0 112.8 1161.65

NC/D 12 172.80 0 112.8 936.00

Table 2: Benchmark outcomes

insiders are not able to coordinate their harvests to maximize their group payoffs (signified
by NC) and they cannot deter the outsiders from poaching (signified by ND). As expected,
relative to the standard Nash equilibrium, the social optimum involves lower harvests and
higher payoffs for both insiders and outsiders.

More interesting are the effects of insiders coordinating harvests and deterring poaching.
With communication and peer monitoring and sanctions, the insiders in our experiments
are given ample opportunity to coordinate their harvest decisions. The C/ND benchmark
assumes that the insiders coordinate their harvests to maximize their payoffs (C), but they
cannot deter the outsiders (ND). Note that by coordinating their harvests, the insiders are
able to increase their payoffs by only a small amount relative to the NC/ND benchmark.
As the insiders reduce their harvests in the C/ND outcome, the outsiders take advantage
and poach to the 12-unit capacity. In a sense, the insiders create value by coordinating
their harvests that is then captured by the outsiders. Consequently, there is little reason for
the insiders to coordinate their harvests if they cannot deter the outsiders. When they can
deter the outsiders so that there is no poaching, the insiders earn significantly more, even if
they are unable to coordinate their harvests. Note in Table 2 that relative to the NC/ND
outcome, insider payoffs are 24% higher when they deter the outsiders, but are not able to
coordinate their harvests (the NC/D outcome). Their payoffs are 57% higher when they
can deter the outsiders and coordinate their harvests to maximize their joint payoffs (the
C/D outcome).

While the outcome in which the insiders cannot coordinate their harvests but they do
deter poaching may not seem very plausible, we mention it briefly for completeness. In this
outcome, denoted NC/D in Table 2, the insiders harvest to the 12-unit capacity constraint.
Note that the insiders are better off in this outcome than in either of the outcomes in which
they are unable to deter poaching.

3.1.4. Harvest best-responses

The benchmarks in Table 2 are useful for revealing the joint values of deterring poaching
and coordinating harvests, but in our experiments we find that the insiders were not able
to fully deter poaching and the outsiders did not fully exploit the insiders’ inability to
deter them. Hence, the benchmarks in Table 2 do not allow us to judge how well the
insiders were able to coordinate their harvests, given the behavior of the outsiders. Instead,
we construct optimal best response functions to the outsiders’ poaching when the insiders
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coordinate their harvests and when they do not, and then compare their actual harvests
to these best responses. More explicitly, using the individual payoff function (3), when
the insiders coordinate their harvests, given the poaching of the outsiders, they collectively
choose ghi ∈ [0, e], h = 1, ..., ni, to maximize their aggregate payoffs

ni∑
h=1

πhi =

ni∑
h=1

(T + c(e− ghi) + ghi (a− b (Gi +Go))) . (4)

It is straightforward to show that the symmetric cooperative best-response of the insiders
to outsider poaching is

gCi (Go) = max

{
min

(
(a− c− bGo)

2bni

, e

)
, 0

}
. (5)

(The C superscript indicates that the insiders are able to coordinate their harvests by
maximizing (4), given poaching by outsiders Go). When the insiders are unable coordinate
their harvests, their individual Nash strategies are determined by choosing ghi ∈ [0, e], h =
1, ..., ni, to maximize

max
(ghi)

πhi = T + c(e− ghi) + ghi (a− b (Gi +Go)) , h = 1, ..., ni. (6)

The insiders’ symmetric noncooperative best-response to outsider poaching is

gNC
i (Go) = max

{
min

(
(a− c− bGo)

b(ni + 1)
, e

)
, 0

}
. (7)

(The NC superscript indicates that the insiders are not able to coordinate their harvests).
It is straightforward to show that gCi (Go) < gNC

i (Go) for interior insider harvests. To judge
how well the insiders coordinate their harvests, given the poaching of the outsiders, in every
period of the experiment we will compare the insiders’ average harvests to (5) and (7), given
the experiment parameters and the actual level of poaching by the outsiders.

It is also straightforward to show that the outsiders’ symmetric noncooperative best-
response to the insiders’ harvests is

gNC
o (Gi) = max

{
min

(
(a− c− bGi)

b(no + 1)
, e

)
, 0

}
. (8)

(The NC superscript indicates that the outsiders do not coordinate their harvests). Compar-
ing observed poaching in our experiments to (8) will give us information about the outsiders’
deviations from Nash poaching behavior.

Note that the best-response functions (5), (7) and (8) do not include any direct infor-
mation about insider sanctions on each other or on the outsiders. As we employ these
best response functions to gauge how actual harvests deviate from cooperative and non-
cooperative best responses, we need to keep in mind that these best-response functions are
independent of what the insiders do to sanction others.
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The best response functions (5), (7) and (8) are also useful guides in thinking about
how outcomes involving imperfect deterrence of outsiders and imperfect coordination of
insider harvests may differ from the benchmarks in Table 2, in particular the standard
Nash equilibrium NC/ND . As is typical of common pool resource games, (5), (7) and (8)
are downward sloping in the opponent group’s harvests (for harvests between zero and the
capacity constraint), indicating that insider and outsider harvests are strategic substitutes
for each other. Assuming for a moment that the insiders are not able to coordinate their own
harvests, imperfect deterrence would lead to lower outsider harvests, given the harvests of
the insiders. This could be represented by a best-response function for the outsiders that is
shifted down from (8). However, since insider and outsider harvests are strategic substitutes,
lower poaching would motivate insiders to harvest more. Since the insiders’ responses to
lower outsider harvests are likely to be less than one-for-one (note that the slopes of (5)
and (7) are strictly between negative one and zero), total harvests from the resource would
decrease. Thus, imperfect deterrence of the outsiders is likely to result in lower outsider
harvests, potentially higher insider harvests, but strictly lower harvests overall relative to
the Nash equilibrium.

However, recall that greater deterrence increases the value to insiders of coordinating
their own harvests. Thus, the effects of imperfect deterrence of outsiders may be more
complicated if the insiders simultaneously lower their harvests because they are able to
coordinate their harvests more effectively. The combined effect of greater deterrence and
better coordination of insider harvests is ambiguous. Moreover, the reaction of the outsiders
to lower harvests of the insiders may be to increase poaching. It seems unlikely that the in-
siders would allow imperfect deterrence and imperfect coordination to result in an outcome
with greater poaching, but it is important to realize that the effect of imperfect deterrence
on poaching can be partially offset by more effective coordination of insider harvests. While
imperfect deterrence of outsiders and imperfect coordination of insider harvests have coun-
tervailing effects on both insider and outsider harvests, the effects on aggregate harvests are
not ambiguous—both produce lower aggregate harvests than the Nash equilibrium.

3.2. Experiment procedures

Each experiment involved a group of eight subjects, who were randomly assigned to two
subgroups. Group 1, the insiders, consisted of 5 subjects, while Group 2, the outsiders,
consisted of three subjects. (We avoided the use of the terms insiders and outsiders in the
experiments). Subjects stayed in the same group and sub-group and retained the same
identification number for the duration of the experiment.5

Subjects participated in fifteen periods of the experiment, with each period consisting of
either four or five stages. The time line of events in each period is summarized in Figure 1.
Stages in which the insiders were active are above the time line, while stages in which the
outsiders were active are below the time line. In each odd-numbered period, insiders could

5Although our experimental design is an extension of the design introduced by Ostrom et al. (1992) to
include poaching, many of its features follow Cason and Gangadharan (2015). The experiment instructions
are available upon request. <The experiment instructions are attached as a reviewer’s appendix.>
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communicate with each other via an online chat. The insiders could not communicate with
each other in even-numbered periods and outsiders could never communicate with others.6

In the harvest stage, subjects chose how much of their 12-unit endowment they would
use to harvest from the common pool. We use neutral language and a neutral frame in our
experiments. For example, we used the terminology “invest in a common account” instead of
“harvest”. Moreover, we did not frame the experiments as insiders having the sole property
right to a resource, and thus outsider harvests were not framed as taking or stealing from the
resource. An alternative design that assigns explicit property rights to the insiders might
also yield important insights.7

Harvests generated payoffs according to (3) with the parameters in Table 1. When the
harvest stage was complete, all subjects were given the results from the stage. In addition
to their individual harvests and initial payoffs, each subject was given the total harvests of
insiders and of outsiders, as well as aggregate payoffs (insiders and outsiders combined).

In the sanctions stage of each period, insiders chose sanctions in the form of deduc-
tion points. (We used “deductions” instead of “sanctions” in the experiments). Outsiders
could never sanction others. As noted earlier, we adopted the seminal design of Fehr and
Gachter (2000) to our context. In particular, we used the 1:3 punishment mechanism in
which a subject pays one experimental dollar to reduce the payoff of another subject by
three experimental dollars. In each treatment, insiders could view the harvests of all the
other insiders (along with their identification numbers) and apply sanctions. The insiders’
ability to monitor and sanction the outsiders varied by treatment. An important feature
of the design of Fehr and Gachter (2000) is that subjects cannot observe other subjects’
sanctioning choices, even though individual investments in the common account are known.
Thus, in our experiments insiders could observe each other’s harvests but could not observe
their punishment choices. This design element may have important consequences for their
ability to coordinate their defense of the resource. When the sanctions stage was complete,
subjects viewed their sanction costs, including what they spent on sanctioning others and
the sanctions they received, their final payoffs for the period, and their accumulated payoff
to that point in the experiment.8

A total of 96 subjects were recruited from the general student population at the Uni-
versity of Massachusetts-Amherst. Four groups of eight individuals participated in each

6When designing our experiments we were concerned that outsiders would be idle for too long waiting
for insiders to complete their discussions. Previous work has suggested that boredom can influence decisions
in experiments (Lee, 2007). On the other hand, we wanted to give insiders ample time to discuss their
joint problem of managing their harvests and deterring outsiders. This tradeoff between limiting potential
boredom effects for the outsiders and giving the insiders sufficient discussion time led to our compromise of
having the insiders communicate in every other round.

7We examined the chat logs and exit surveys for indications about how the insiders viewed their rights
to the resource. We found no evidence to suggest that they considered the resource to be their property, or
that they thought the outsiders had equal rights to the resource.

8Only two restrictions were imposed on sanction levels. First, an insider could not choose sanctions that
cost more than his or her initial payoff. Second, the final payoff of any insider or outsider could not be
reduced below zero. Out of 1440 observations, payoffs were driven to zero just six times. All instances
occurred in one treatment and five of them involved insiders.
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Figure 1: Period stages. Insiders are active above the time line, outsiders are active below the time line.

treatment. After subjects were assigned to their groups and assigned their identification
numbers, an experimenter read the instructions aloud while the subjects followed along
with their own copy. Subjects were paid $5 for agreeing to participate and showing up on
time and then earned additional money in the experiment. Subjects earned experimental
dollars ($E) that were converted to US dollars at a pre-announced exchange rate. Subjects
were paid their combined earnings in cash at the end of the session. Earnings ranged be-
tween $20.48 and $35.29, with a mean of $28.36 (σ = 2.71). Sessions lasted approximately
90 minutes. The experiment was conducted using z-Tree (Fischbacher 2007).

3.3. Treatments

Our main goal with this study is to investigate the effects of observability of outsiders
on a group’s ability to defend the boundaries of a common pool resource and their ability to
coordinate their own harvests. Toward that end we conducted three treatments. In the Zero
Monitoring treatment, insiders could not observe the decisions of any of the outsiders. In
the Partial Monitoring treatment, each of the insiders could observe the harvest decision of
one randomly chosen outsider and his or her group and ID numbers, and they could choose
to sanction this individual. In the Full Monitoring treatment the insiders could observe the
harvest decisions and group and ID numbers of all three outsiders and they could choose to
sanction any of the outsiders.

One of our main questions is whether the increased ability of the insiders to observe and
sanction the outsiders will lead to lower poaching. We expect that moving from Zero to
Partial Monitoring will lead to less poaching. Provided that the insiders actually sanction
the outsiders in the Partial Monitoring treatment, increasing the expected cost of poaching
from zero should motivate the outsiders to harvest less. It also seems likely that moving
from Partial to Full Monitoring will lead to less poaching as the insiders take advantage
of their expanded opportunity to defend the resource. However, we should keep in mind
that greater deterrence can be partially offset by an accompanying change in the insiders’
ability to coordinate their own harvests. In addition, an anonymous reviewer pointed out to
us that increased observability of outsiders may also increase the difficulty of coordinating
their punishment. That is, it is probably easier to coordinate sanctions for the one outsider
observed in the Partial Monitoring treatment than for the three outsiders observed in the
Full Monitoring treatment. It is possible that this coordination challenge is so difficult that
full observability of outsiders does not lead to more effective deterrence.
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If the insiders’ increased opportunities to observe and sanction outsiders actually leads
to less poaching, the impact on insider harvests is unclear. Insiders may increase their
harvests to take advantage of lower poaching, but deterring poaching increases the value
of coordinating their harvests, leading them to lower harvests. The effect of moving from
Partial Monitoring to Full Monitoring on the sanctions insiders impose on the outsiders is
also unclear. We may observe less punishment of outsiders in the Full Monitoring treatment
if the insiders substitute increased observability for sanctions in deterring outsiders, if the
coordination problem of sanctioning multiple outsiders leads the insiders to impose lower
sanctions, or if less poaching by the outsiders leads the insiders to punish them less. Despite
the ambiguous treatment effects concerning harvests and sanctions, if the insiders are able
to use increased observability to better deter the outsiders, we expect that insiders will earn
higher payoffs and outsiders will earn lower payoffs as the ability of the insiders to observe
and sanction poaching increases.

4. Results

In this section we report the results of our experiments. We begin by examining the
treatment effects on the harvest choices of both insiders and outsiders. We then examine
the use of sanctions by insiders on other insiders and on outsiders. Lastly we examine how
the efficiency of the subjects’ choices vary across treatments.

4.1. Harvests

In Table 3 we present average harvests for both insiders and outsiders across treatments.
To check for differences in harvests across time within a treatment, we also present aver-
age harvests for the first seven periods in each session and for the remaining eight periods.
Throughout our analysis we take the following approaches to obtaining estimates of statisti-
cal significance. Unless stated otherwise, reported p-values are generated from linear random
effects regression models that control for the dependence of individual decisions within and
across time periods. We use separate regression models for insiders and outsiders, control-
ling for treatment, Periods 1-7 and Periods 8-15, and the interactions between treatments
and the time intervals. In this section we report results from tests between coefficients.9

In other cases, we are only interested in the treatment effects of group-level outcomes over
all time periods. For these we report p-values for the nonparametric Wilcoxon rank sum
test. Finally, we use Levene’s nonparametric tests for the equality of variances throughout,
acknowledging that this test does not account for the dependence of variances over time.

One of the central questions of this study is how the ability of insiders to monitor and
sanction outsiders affects their ability to coordinate their own harvest decisions. It is clear
from Table 3 that the insiders were never able to fully deter poaching. Moreover, as we
will see, the outsiders never fully exploited the relatively low consequences of poaching
imposed on them by the insiders. As noted in the previous section, to examine whether the
insiders were able to coordinate their harvests while only partially deterring the outsiders, we

9<The regression results are attached to this submission as a reviewer’s appendix.>
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consider the relationships between their average harvests and their symmetric cooperative
and noncooperative individual best-responses to the harvests of the outsiders in a period.
Recall that these best-response functions are provided in equations (5) and (7). In the
top panels of Figure 2 we display average insider harvests for each period of each treatment,
along with their cooperative and noncooperative best-responses to aggregate poaching for the
period. Similarly, while the outsiders do not have opportunities to coordinate their decisions,
they may restrain their harvests so that they deviate from their Nash best responses. In
the bottom panels of Figure 2 we present average outsider harvests for each period of each
treatment, as well their symmetric noncooperative best-responses to the aggregate harvests
of insiders for the period, given by equation (8).

Table 3 and the top panels of Figure 2 suggest that there is not much systematic variation
in average insider harvests across treatments. Over all periods, average insider harvests are
not significantly different among the treatments (p = 0.99 for Zero Monitoring vs. Partial
Monitoring; p = 0.41 for Zero Monitoring vs. Full Monitoring, and p = 0.26 for Partial
Monitoring vs. Full Monitoring). There are also no clear time trends in average insider har-
vests within treatments. There is a significant decrease in insider average harvests between
the first half and second half of the Zero Monitoring treatment (p = 0.00), but it is clear in
the top-left panel of Figure 2 that their average harvests are not monotonically decreasing
over time. We do not observe a significant difference in insider average harvests in the first
and second halves of the Partial Monitoring treatment (p = 0.63), nor do we observe a time
difference in the Full Monitoring treatment (p = 0.13).

Zero Monitoring Partial Monitoring Full Monitoring

Insiders Outsiders Insiders Outsiders Insiders Outsiders

Periods 1-7 6.59 6.49 6.15 7.2 5.58 6.05

(2.46) (3.09) (2.11) (3.13) (1.85) (2.8)

Periods 8-15 5.66 7.12 6.05 8.67 5.92 5.94

(1.64) (3.08) (1.49) (2.73) (1.47) (2.66)

All Periods 6.09 6.83 6.1 7.98 5.76 5.99

(2.11) (3.09) (1.8) (3.01) (1.66) (2.72)

N 300 180 300 180 300 180

Table 3: Average harvest by insiders and outsiders across treatments. Standard deviations are in parentheses.

However, it would be a mistake to use the lack of large differences in average insider
harvests across treatments to conclude that observability of the outsiders had little effect
on the insiders’ ability to coordinate their harvests. In fact, in this regard we have some
evidence that full observability of the outsiders allowed the insiders to better coordinate
their harvests, despite their inability to fully deter the outsiders.

Consider the paths of average harvests, cooperative best responses and noncooperative
best responses for insiders in the top panels of Figure 2. In the Zero Monitoring and Partial
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Figure 2: Average insider (A) and outsider (B) harvests with best-responses.

Monitoring treatments the paths of average harvests tend to be between the insiders’ co-
operative and noncooperative best responses. Over all periods, average insider harvests are
significantly below their noncooperative best-responses in each treatment (p = 0.00 for each
treatment, Wilcoxon rank sum test).10 Moreover, in both the Zero Monitoring and Partial
Monitoring treatments, average insider harvests are significantly higher than their cooper-
ative best-responses (p = 0.00 for both treatments, Wilcoxon rank sum test). Choices in
social dilemma experiments often fall between noncooperative and cooperative benchmarks,
so our results for the Zero and Partial Monitoring treatments are not surprising.11 However,
note in the top-right panel of Figure 2 that average insider harvests in the Full Monitoring

10We calculated the best-response harvest for insiders by evaluating the insider cooperative and non-
cooperative best-response functions given observed levels of aggregate outsider harvest. We then calculated
average insider harvest by dividing aggregate harvest by the insiders in each group, rather than by av-
eraging individual harvests. This approach resolves concerns about autocorrelation, allowing us to use
non-parametric methods.

11Other studies in this literature have found that subjects in treatments without communication and peer
punishment tend to harvest more than the socially optimal levels, but less than the pure-strategy Nash
equilibrium levels, and communication and peer punishment tends to motivate more conservative harvests
(Chaudhuri, 2011).
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treatment track their cooperative best responses very closely, except for high harvest lev-
els in the last period. Not surprisingly, over all periods in the Full Monitoring treatment
the difference between insider average harvests and their cooperative best responses is not
statistically significant (p = 0.11, Wilcoxon rank sum test).

We also examined differences in the variation of harvests across treatments. The variation
in insider harvests is significantly higher in the Zero Monitoring treatment than in the Partial
and Full Monitoring treatments (p = 0.00 and p = 0.02, respectively, Levene’s nonparametric
test), and the variation in the Full Monitoring treatment is weakly significantly lower than in
the Partial Monitoring treatment (p = 0.10, Levene’s nonparametric test). Thus, while there
are not significant differences in average insider harvest levels among the three treatments,
insider harvests were more stable and they were consistent with their cooperative best-
responses under the Full Monitoring treatment, suggesting that perfect observability of the
outsiders allowed the insiders to better coordinate their harvests.

There is much more variation in outsiders’ poaching within and across treatments. The
most striking feature of outsider behavior is that there is not a monotonic relationship
between the observability of their behavior and their levels of poaching.

In the Zero Monitoring treatment the outsiders did not face any consequences for poach-
ing, yet they showed considerable restraint. Over all periods, average harvests by the out-
siders in this treatment are about 3.7 units lower than their noncooperative best-responses
to the insiders’ harvests, and this difference is highly significant (p = 0.00, Wilcoxon rank
sum test). There is a small upward trend in outsider poaching in this treatment, but this
is largely driven by the strong end-period effect we observe in in the bottom-left panel of
Figure 2. Moreover, the difference in average outsider harvests in the first and second halves
of the Zero Monitoring treatment is not significant (p = 0.16).

In stark contrast, outsiders in the Partial Monitoring treatment started out with similar
average poaching levels as in the Zero Monitoring treatment, but their harvests quickly rose
over time. The difference in average poaching in Periods 1-7 and Periods 8-15 is highly
significant (p = 0.00). In fact, observe in the bottom-middle panel of Figure 2 that average
outsider harvests drift closer to their noncooperative best response paths over time. More-
over, average harvests in Periods 8-15 of the Partial Monitoring treatment are significantly
higher than in the Zero Monitoring treatment (p = 0.05) and the Full Monitoring treatment
(p = 0.00). The high and rising levels of poaching in the Partial Monitoring treatment can-
not be explained by differences in insider harvests, because these harvests are very similar
within and across the Zero Monitoring and Partial Monitoring treatments. Moreover, given
similar insider harvests, we would not expect the increased observability of poaching in the
Partial Monitoring treatment to lead to greater poaching, but this is what occurred.

What could explain this counter-intuitive observation? One possibility is that outsiders
showed restraint in the Zero Monitoring treatment because of some sort of social preference
that kept them from poaching at the level that would maximize their monetary payoffs.
However, in the Partial Monitoring treatment, the random sanctions from the insiders seems
to have eroded the outsiders’ motivation to restrain their harvests. In addition, as we will see
in the next section, the insiders did not impose sufficient sanctions to remove the financial
incentive from poaching. The erosion of the outsiders’initial restraint and the low expected
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sanctions appears to have led them to higher poaching levels.
While the insiders were not able to fully deter the outsiders in the Full Monitoring

treatment, average poaching over all time periods was significantly lower than in the Partial
Monitoring treatment (p = 0.00) – average outsider harvests were 25% lower in the Full
Monitoring treatment than in the Partial Monitoring treatment, and more than 30% lower
in the second halves of the two treatments. In addition, there is no time trend in average
levels of poaching in the Full Monitoring treatment. We find no significant difference in
poaching over all time periods between the Full Monitoring and Zero Monitoring treatments
(p = 0.26). However, the variation of poaching levels is significantly lower in the Full
Monitoring treatment than the other treatments (p = 0.00 for both comparisons, Levene’s
nonparametric test).

In summary, the insiders in our experiments were not able to use imperfect monitoring
and sanctioning to limit poaching; in fact, imperfect monitoring and sanctioning appears
to have eroded the outsiders’ willingness to restrain their harvests, leading eventually to
increased poaching relative to no monitoring at all. In contrast, the insiders were able to
use complete monitoring of the outsiders to keep poaching to lower and more stable levels.
This in turn allowed the insiders to more effectively coordinate their own harvests.

4.2. Sanctions

In this section we examine how the insiders used sanctions against each other and against
outsiders. We then examine the effects of sanctions on insider and outsider behavior.

Table 4 displays average sanctions received by insiders and outsiders across treatments
and time. While there are some differences across treatments and over time for average
sanctions on insiders, they tend to be very low. Moreover, note the high standard deviations
in the Zero Monitoring and Partial Monitoring treatments. Like previous studies of social
dilemmas with peer monitoring and punishment, sanctions are predominately zero (e.g.,
Cason and Gangadharan 2015, and many others); however, there are some quite extreme
sanctions in the Zero and Partial Monitoring treatments. The variation in insider sanctions is
significantly lower in the Full Monitoring treatment than in the Zero and Partial Monitoring
treatments (p = 0.00 for both comparisons, Levene’s nonparametric test for the equality
of variances). This is consistent with the lower variation in insider harvests in the Full
Monitoring treatment.

Table 4 also reveals that insiders sanctioned outsiders more heavily than themselves.
Over all periods, sanctions on outsiders were significantly higher than on insiders in both the
Partial Monitoring (p = 0.01) and Full Monitoring treatments (p = 0.05). Average sanctions
on individual outsiders were about 50% lower in the Full Monitoring treatment than in the
Partial Monitoring treatment, but this difference is not significant (p = 0.25) because of
the high variation in outsider sanctions. A rough measure of expected sanctions in the
Partial Monitoring treatment; that is, average sanctions multiplied by the 1/3 probability of
observing an outsider, is lower than average sanctions under the Full Monitoring treatment.
It appears that insiders tended to use the increased observability under Full Monitoring to
increase expected poaching sanctions, but the lack of a statistically significant difference
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across the Partial and Full Monitoring does not allow us to make much of this result.12

Perhaps the most striking feature of poaching sanctions is that they were not close
to being high enough to fully deter poaching. Recall that, conceptually, full deterrence
requires that insiders remove all the gains from poaching multiplied by the reciprocal of
the proportion of outsiders monitored. In Table 5 we show the average reduction in gains
from poaching due to sanctions, as well as the standard deviations of these sanctions and
their minimums and maximums. Deterring poaching would require poaching sanctions that
were at least 300% of poaching gains in the Partial Monitoring treatment and at least 100%
of poaching gains in the Full Monitoring treatment. While the maximum values in Table
5 indicate that there were sanctions that approached and even exceeded these levels, on
average the insiders only removed about 40% of the gains from poaching in the Partial
Monitoring treatment and only about 13% of the gains in the Full Monitoring treatment.
It is clear that part of the reason that the insiders could not deter poaching is that they
did not punish outsiders enough to make the expected sanctions from poaching exceed the
gains.

Zero Monitoring Partial Monitoring Full Monitoring

Insiders Insiders Outsiders Insiders Outsiders

Periods 1-7 6.81 3.86 26.36 2.89 10.68

(21.73) (19.70) (47.98) (8.30) (20.24)

Periods 8-15 1.61 8.08 31.12 1.56 18.19

(6.68) (42.95) (31.87) (6.98) (41.89)

All Periods 4.04 6.11 28.90 2.18 14.68

(15.81) (34.14) (39.91) (1.66) (33.66)

N 300 300 60 300 180

Table 4: Average sanctions received by insiders and outsiders across treatments. Non-monitored outsiders
under Partial Monitoring excluded. Standard deviations are in parentheses.

12Interestingly, insiders’ total expenditures on sanctioning were very similar in the Partial and Full Mon-
itoring treatments. However, there was a shift toward spending more on sanctioning outsiders and less on
sanctioning insiders in the Full Monitoring treatment. Relative to the Partial Monitoring treatment, expen-
ditures on sanctioning insiders were about 65% lower in the Full Monitoring treatment (p = 0.00, Wilcoxon
rank sum test), while expenditures on sanctioning outsiders were about 52% higher (p = 0.00, Wilcoxon
rank sum test).
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Partial Monitoring Full Monitoring

Periods 1-7 29.86 10.45

(56.81) (15.19)

[0, 194.77] [0, 74.63]

Periods 8-15 48.45 14.90

(56.86) (28.07)

[0, 284.09] [0, 135.87]

All Periods 40.12 12.84

(57.10) (23.06)

Table 5: Average percentage reduction of poaching gains from sanctions. Standard deviations are in paren-
theses and minimum and maximum values are in hard brackets.

To further investigate the supply of sanctions we follow Carpenter and Matthews (2009)
and Carpenter et al. (2012) and estimate the relationship between sanctions given to in-
dividuals and their harvests using a bilinear spline piecewise regression. This allows us to
capture nonlinearity in the data by allowing sanctions to vary in severity before and after an
endogenous kink (or knot) in the estimated regression. We estimate two separate models by
pooling the data for each subject type and interacting individual harvests with treatment
dummies to estimate the knot and slopes for each subject type in each treatment. The
results are in Table 6 and graphs of the estimated regressions are in Figure 3.

Note first that the constants for both the insider and outsider models and the slopes
before the knots for all treatments are not significantly different from zero. This suggests
that the insiders tended not to punish outsiders or themselves for lower levels of harvests.
Of course, deterring poaching would have required the insiders to sanction all instances of
poaching, but it appears that they were willing to tolerate significant levels of poaching.
For outsiders the knots for the Partial and Full Monitoring treatments are not significantly
different from each other (p = 0.43), but the slope estimate above the knot for the Full
Monitoring treatment is significantly greater than in the Partial Monitoring treatment (p =
0.00). Perfect observability and the insiders’ willingness to sanction more egregious poachers
may have led to the reduced poaching we observe in the Full Monitoring treatment relative
to the Partial Monitoring treatment.13

In their communications with each other, the insiders promoted a number of different
strategies for punishing the outsiders, but the strategy of only punishing high levels of
poaching was suggested most often. For example, in the first part of the Partial Monitoring
treatment, one insider suggested, “if they go above 5 punish them huge and if they stay below

13The great majority of outsider sanctions came from insiders who also chose lower harvests. More
specifically, we looked at outsider sanctions in a period by insiders who harvested below their group’s mean
harvest for the period and by those insiders who harvested above their group’s mean. On average, insiders
who harvested below their group’s mean harvest imposed 80% and 85% of the sanctions on outsiders in the
Partial Monitoring and Full Monitoring treatments, respectively. We also found that, on average, 75% and
62% percent of outsider sanctions in the Partial and Full Monitoring treatments, respectively, came from
just two of the five insiders in a group.
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Insiders Outsiders

Zero Partial Full Partial Full

Knot 7.47*** 6.00*** 5.85*** 5.11* 6.78***

(0.46) (0.61) (0.60) (0.73) (0.42)

Slope (before knot) -0.01 0.05 -0.03 0.45 0.07

(0.25) (0.29) (0.29) (0.70) (0.46)

Slope (after knot) 2.85*** 1.57*** 1.27*** 1.67** 5.45***

(0.46) (0.37) (0.39) (0.90) (0.73)

Constant 0.22 0.22 0.22 0.67 0.67

(1.36) (1.36) (1.36) (2.27) (2.27)

N 899 240

Adj. R2 0.21 0.50

* p < 0.05, ** p < 0.01, *** p < 0.001

Table 6: Sanctions as a function of harvests using a bilinear spline regression. Insiders and outsiders are
modeled separately. We control for individual heterogeneity (subject fixed effects) and learning (time-period
fixed effects). Standard errors are clustered at the group level to control for any remaining unspecified
correlation. We drop one extreme observation for insiders in the last period of the Partial Monitoring
treatment.

we let them off without a punishment,” and another suggested that his or her group “keep
deducting from any 2 that invests more than a few.” Some subjects in the Full Monitoring
treatment also promoted this strategy: “I usually just do a couple [of deduction points],
just to zing anyone who gets greedy”; “or give more deductions with the kid who is putting
in 12”, and “anyone goes that far, just dump deductions on them.” Another wrote in his
or her exit survey, “I wanted to discourage the individuals who invested too much. The
deductions were in essence, a form of communications to Group 2. If they invested beyond
the accepted range for personal benefit, I gave them deductions to remind them.”
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Figure 3: Estimated sanctions as spline functions of individual harvests.

As for the insiders’ strategies to sanction other insiders, note in Table 6 that estimated
coefficients are similar across treatments. There are some statistical differences. In par-
ticular, the knot and right-hand slope are significantly larger and steeper, respectively, in
the Zero Monitoring treatment than in the Partial Monitoring treatment (p = 0.05 for the
knot comparison, p = 0.01 for the right-hand slope comparison) and in the Full Monitoring
treatment (p = 0.02 for the knot comparison, p = 0.00 for the right-hand slope comparison),
but the differences in the knots and right-hand slopes of the Partial and Full Monitoring
treatments are not significant (p = 0.85 for the knot comparison, p = 0.46 for the right-
hand slope comparison). Despite these statistical differences, the strategies insiders used to
sanction other insiders were very similar across treatments.

To explore how the subjects responded to sanctions, we follow the approach of Cason
and Gangadharan (2015) and Masclet et al. (2003) to model changes in subjects’ harvests
between t and t + 1 as functions of sanctions received in t and their deviation from mean
harvests in t. We estimate separate models for insiders and outsiders, and separate models
for subjects who harvested below mean harvests and above mean harvests. The results are
in Table 7. For these results mean harvests are for both insiders and outsiders combined,
but the results are robust to unique insider and outsider harvest means. Like Cason and
Gangadharan (2015), we find a consistently negative and often statistically significant re-
lationship between individual harvests and their deviation from mean harvests. This effect
indicates that subjects tended to choose harvests that are similar to the rest of the group.

Controlling for the tendency toward mean harvests, we find that sanctions had mixed
effects on influencing harvests. The marginal effects of sanctions on poaching are often
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insignificant. However, note the significant negative effect on outsiders above the harvest
mean in the first half of the Partial Monitoring treatment and the strong positive effect for all
outsiders in the second half of this treatment. It appears that random poaching sanctions led
to reduced poaching by those who harvested above the mean in the first half of this treatment,
but as we know total poaching increased over time in this treatment and poaching sanctions
were not high enough to make poaching unprofitable. The counter-intuitive positive effect
of sanctions on poaching in the second half of the Partial Monitoring treatment is consistent
with our speculation that low random sanctions of outsiders eventually eroded their tendency
to restrain their harvests. The same positive effect is observed for insiders in the second
half of the Partial Monitoring treatment, which is harder to explain but may be consistent
with the insiders’ increasing inability to control harvests in this treatment. Except for the
positive effect of sanctions on insider harvests in the second half of the Partial Monitoring
treatment, sanctioned insiders tended to reduce their harvests and these effects are most
prominent for insiders who harvested above the harvest mean.

4.3. Efficiency

In this subsection we examine the relative efficiency of insider and outsider choices. In
each period, each subject received an initial payoff based on their harvest and the harvests
of everybody else, followed by a final payoff based on the amount of sanctions received. For
insiders, this also included the cost of sanctions imposed on others. We construct efficiency
measures that compare initial and final payoffs to theoretical benchmarks presented in Table
2. As explained shortly, the efficiency measures are calculated differently for insiders and
outsiders so they are presented separately.

4.3.1. Insider efficiency

Recall from Table 2, that insiders maximize their payoffs when they are able to coordinate
their harvest to maximize their joint payoffs and they are able to deter the outsiders from
poaching, that is, in the C/D outcome. The insiders are least well off in the NC/ND
outcome in which they are unable to coordinate their harvests and deter the outsiders (i.e.,
the standard Nash equilibrium). We therefore calculate efficiency for a group of insiders in
a period as the ratio of the difference between their observed payoffs and their symmetric
payoffs in the NC/ND outcome to the difference between their symmetric payoffs in the
C/D and NC/ND outcomes. That is, the efficiency measure for a group of insiders in a
period is

Eik =

ni∑
h=1

(
πObserved
ihk − πNC/ND

i

π
C/D
i − πNC/ND

i

)
, k = (initial, final). (9)

In (9), πObserved
ihk is the observed payoff of insider h in a period (either initial payoff or final

payoff indexed by k), π
NC/ND
i is the symmetric individual payoff for insiders when they fail

to coordinate their harvests and they fail to deter the outsiders, and π
C/D
i is the symmetric

payoff for insiders when they are able to coordinate their harvests to maximize their joint
payoffs and they are able to deter the outsiders. Thus, Eik measures a group’s actual gain (or
loss) relative to the Nash equilibrium as a percentage of their potential gain in a particular
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Insiders Outsiders
Below Harvest Mean Above Harvest Mean Below Harvest Mean Above Harvest Mean

Sanctions received in t
Zero Monitoring × Periods 1-7 -0.081 -0.084

(0.13) (0.05)
Zero Monitoring × Periods 8-15 0.201 -0.073*

(0.15) (0.03)
Partial Monitoring × Periods 1-7 -0.093 -0.081* na -0.164***

(0.28) (0.04) (0.02)
Partial Monitoring × Periods 8-15 0.137*** 0.141* 0.375*** 0.136**

(0.00) (0.06) (0.03) (0.03)
Full Monitoring × Periods 1-7 0.386 -0.103 -0.695 0.011

(0.23) (0.09) (0.33) (0.06)
Full Monitoring × Periods 8-15 -0.416* -0.416** -0.090 -0.040

(0.16) (0.13) (0.08) (0.04)
Deviation from the group norm in t

Zero Monitoring × Periods 1-7 -0.306* -0.586**
(0.14) (0.15)

Zero Monitoring × Periods 8-15 -0.990*** -0.980***
(0.21) (0.15)

Partial Monitoring × Periods 1-7 -0.362*** -0.656 -0.751 -0.557
(0.08) (0.30) (0.39) (0.52)

Partial Monitoring × Periods 8-15 -0.531** -2.148** -1.186** -0.425
(0.16) (0.52) (0.31) (0.32)

Full Monitoring × Periods 1-7 -0.588* -0.925* -0.072 -1.171***
(0.19) (0.34) (0.17) (0.14)

Full Monitoring × Periods 8-15 -1.586*** 0.037 -0.418** -0.638*
(0.29) (0.34) (0.10) (0.23)

Constant 1.016** 1.293 1.458* 2.220
(0.26) (0.91) (0.58) (1.15)

Subject fixed effects Yes Yes Yes Yes
N 590 249 106 118
Adj. R2 0.203 0.465 0.465 0.617

* p < 0.05, ** p < 0.01, *** p < 0.001

Table 7: Changes in harvests for subjects who harvested above and below the group mean in period t. We
control for individual heterogeneity (subject fixed effects) and learning (time-period fixed effects). Standard
errors are clustered at the group level to control for any remaining unspecified correlation. For Partial
Monitoring we include only outsiders who were monitored. There is no estimate for the effect of sanctions
on outsiders in the first part of the Partial Monitoring treatment because no outsider whose harvest was
below the mean harvest was sanctioned in the first half of this treatment.

period. The time series for the average of this measure over groups is displayed in the top
panels of Figure 4, and the average over groups and time are in Table 8. Note that final
efficiency must be equal to or lower than initial efficiency, and measuring the difference
between the two captures the effects of sanctions on insider welfare.

23



Zero Monitoring Partial Monitoring Full Monitoring

Initial Final Initial Final Initial Final

Periods 1-7 0.30 0.19 0.24 0.16 0.40 0.32

(0.29) (0.33) (0.32) (0.39) (0.23) (0.20)

Periods 8-15 0.29 0.26 0.14 0.02 0.40 0.32

(0.20) (0.21) (0.19) (0.38) (0.14) (0.15)

All Periods 0.30 0.23 0.19 0.08 0.40 0.32

(0.24) (0.27) (0.26) (0.39) (0.19) (0.18)

N 60 60 60 60 60 60

Table 8: Efficiency of insider payoffs. Standard deviations are in parentheses.

Zero Monitoring Partial Monitoring Full Monitoring

Initial Final Initial Final Initial Final

Periods 1-7 0.32 0.32 0.46 0.32 0.59 0.42

(0.30) (0.30) (0.50) (0.65) (0.48) (0.35)

Periods 8-15 0.58 0.58 0.44 0.27 0.54 0.24

(0.48) (0.48) (0.39) (0.52) (0.49) (0.40)

All Periods 0.46 0.46 0.45 0.29 0.56 0.32

(0.43) (0.43) (0.44) (0.58) (0.49) (0.39)

N 60 60 60 60 60 60

Table 9: Efficiency of outsider payoffs. Standard deviations are in parentheses.

Over all periods, average final efficiency for insiders was highest in the Full Monitoring
treatment (p = 0.06 for the comparison to the Zero Monitoring treatment and p = 0.00
for the comparison to the Partial Monitoring treatment).14 Moreover, these significant
differences are consistent in the first and second halves of the sessions and when we examine
differences in initial and final efficiency. Recall that complete monitoring of outsiders allowed
the insiders to limit poaching to lower and more stable levels, and as a result the insiders
were able to better coordinate their harvests. In turn, insiders were able to achieve higher
and more consistent payoffs in the Full Monitoring treatment than in the Zero Monitoring
and Partial Monitoring treatments.

However, recall that increasing the ability of the insiders to monitor and sanction the
outsiders from Zero Monitoring to Partial Monitoring actually led to more poaching. This
non-monotonic effect of increased monitoring is mirrored in a non-monotonic effect of in-
creased monitoring on insider welfare. In fact, over all periods, final average efficiency levels

14For both insider and outsider efficiency we use Wilcoxon nonparametric tests to compare group efficiency
across and within treatments. The results are consistent with those obtained from OLS regressions with
corrected standard errors.
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Figure 4: Average initial and final efficiency of insiders (A) and outsiders (B).

in the Partial Monitoring treatment are significantly lower than in the Zero Monitoring
treatment (p = 0.01). This difference emerges over time. The difference in average final
efficiency between the Zero Monitoring and Partial Monitoring treatments is not significant
for Periods 1-7 (p = 0.74), but efficiency under the Zero Monitoring treatment is significantly
lower in Periods 8-15 (p = 0.00). While final efficiency in the Zero Monitoring treatment
increased from the first to the second half of the sessions, this increase is not significant (p =
0.41). Moreover, the time series in the top-left panel of Figure 4 suggests that we should not
conclude that final efficiency in Zero Monitoring rose consistently over time. In contrast, it
is clear that final efficiency in the Partial Monitoring treatment eventually fell to very low
levels.

In fact, average final efficiency for the insiders in the Partial Monitoring treatment was
very nearly zero in Periods 8-15 (0.02 from Table 8), and the time series in the top-middle
panel of Figure 4 shows that average final efficiency across groups in this treatment fell
below zero in three periods. This is significant because a value of zero means that insider
payoffs were no different than in the Nash equilibrium. In other words, our results suggest
that attempts by insiders to coordinate their harvests and limit poaching under limited
monitoring and sanctioning of outsiders led to payoffs than were not much different from
payoffs under a theoretical model in which they could not coordinate their harvests or
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sanction poaching.

4.3.2. Outsider efficiency

Finally consider outsider efficiency. According to the payoffs contained in Table 2, out-
sider payoffs are highest in the C/ND outcome in which insiders coordinate their harvests
but are unable to deter poaching. In this case the insiders create surplus by restraining
their harvests which is then taken by the outsiders. Our efficiency measure for the outsiders
is the ratio of the difference between their observed payoffs and their symmetric payoffs in
the NC/ND outcome to the difference between their symmetric payoffs in the C/ND and
NC/ND outcomes; that is,

Eok =
no∑
h=1

(
πObserved
ohk − πNC/ND

o

π
C/ND
o − πNC/ND

o

)
, k = (initial, final). (10)

In (10), πObserved
ohk is the initial or final payoff of an outsider h in a period, π

NC/ND
o is

the symmetric individual payoff for outsiders in the Nash equilibrium, and π
C/ND
o is the

symmetric outsider payoff in the C/ND outcome. We use the benchmark NC/ND as the
floor for outsider efficiency because only about 4% of all final and initial payoffs for outsiders
across treatments match the theoretical worst-case payoff for outsiders, the C/D outcome.
Finally, since insider and outsider efficiency measures are calculated differently, it is not
appropriate to compare efficiency values across the subject types.15

The time series for the average of (10) over outsider groups is displayed in the bottom
panels of Figure 4, and the average over groups and time are in Table 9. Perhaps not
surprisingly, the outsiders were better off in the Zero Monitoring treatment than the other
treatments. Over all periods, average final efficiency in Zero Monitoring is significantly
higher than in Partial Monitoring (p = 0.06) and Full Monitoring (p = 0.03). However, this
ranking is entirely dependent on the lack of sanctions in the Zero Monitoring treatment.
Average initial efficiency in the Full Monitoring treatment is significantly higher than in the
Zero Monitoring treatment (p = 0.02) and Partial Monitoring treatment (p = 0.06), while the
difference in average initial efficiency between the Partial Monitoring and Zero Monitoring
treatments is not significant (p = 0.75). The higher initial payoffs for outsiders in the Full
Monitoring treatment are due to reduced harvests by both insiders and outsiders in the
treatment. However, the sanctions used by the outsiders to partially deter the outsiders in
this treatment led to lower payoffs for the outsiders than in the Zero Monitoring treatment.

5. Conclusion

We have presented the results of a common pool resource experiment that includes a
group of outsiders who can poach the resource. Perhaps the most important lesson from

15We also do not think one should interpret (10) as an absolute account of how well the outsiders performed.
The baseline outcomes C/ND and NC/ND are largely beyond the outsiders’ control, because they depend
on the ability of the insiders to coordinate their harvests and to deter the outsiders. In addition, the outsiders
do not have explicit mechanisms to coordinate their harvests. We can, however, use differences in average
Eok to evaluate treatment and time differences in the welfare of the outsiders.
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our study is that common pool resource users may often have a very difficult time deterring
outside encroachment. The main reason for this difficulty in our experiments is that the
insiders were unable or unwilling to spend enough on sanctioning poaching. This might
be because they did not understand what is required to make the expected sanction for
poaching exceed the gain, but it seems more likely that they could not coordinate their
sanctioning effort effectively enough to erect a sufficient deterrent.

Our results also suggest that the consequences of insufficient deterrence are likely to be
most severe in realistic settings in which outside threats are observed imperfectly. In our
experiments, outsider harvests were actually higher when they were observed imperfectly
than when they could not be observed or sanctioned. Consequently, the insiders were much
worse off when they could monitor and sanction outsiders imperfectly than when they had no
ability to defend the resource. In fact, they were not better off under imperfect monitoring
of poaching than in the theoretical Nash equilibrium in which they could not deter outsiders
at all or coordinate their own harvests.

On the other hand, our results suggest that a high level of observability of outside
threats can help a group deter poaching to a limited degree and better coordinate their own
harvests. However, the non-monotonicity between observability and deterrence we observe
is troubling, because it suggests that simply increasing the ability to monitor outside threats
may not lead to better outcomes, and it leaves us unsure about what level of observability
is required to generate better outcomes. Clearly, more research is necessary to explore the
relationship between observability of outside threats and the ability of a group to coordinate
its actions.

Moreover, there are mechanisms that might help insiders coordinate their defense of the
resource more effectively that we have not explored in this paper, but that we think would be
valuable extensions of our work. One simple extension would be to give the insiders better
information on sanctioning choices within their group. As we noted earlier, we adopted
a standard design for allowing monitoring and sanctioning of individuals, which does not
reveal information about who sanctions whom. Better information about these choices may
help insiders coordinate their sanctioning of outsiders. There are also commitment devices
that might help insiders defend their resource better. For example, designing and voting
on specific responsibilities for providing deterrence might help coordinate sanctioning efforts
more effectively than the decentralized provision of defense that we allow in our experiments.

Many potentially informative extensions of our work involve exploring the role of property
rights in the experiments. Recall that our experiments did not assign the exclusive right to
the resource to the insiders, and outsider harvests were not framed as taking or stealing the
insiders’ property. However, using an explicit property rights frame in future experiments
may enhance the insiders’ ability to defend the resource. Framing the decision environment
as insiders defending their property may help them coordinate deterrence more effectively,
and the outsiders may show more restraint if their actions are framed as taking someone
else’s property. A related extension would be to explore how having insiders earn their
position affects their choices. In our experiments, the assignment of the asymmetric rights to
communicate and sanction others was determined randomly. However, there is a significant
literature on the effects of whether endowments or experimental roles are assigned by the
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experimenter or earned by the subjects. See, for example, Hoffman et al. (1994), Cherry
et al. (2005), and Oxoby and Spraggon (2008). This literature is relevant to our experiments,
because the insiders might have made more of an effort to deter the outsiders if they had
earned their privileged rights as insiders. Another useful extension concerning property
rights would be to give the insiders the ability to invest in the productivity of the resource.
Such investments do occur in reality, and they may have interesting effects on the defense of
common pool resources. It is possible that the ability to invest in resource productivity would
motivate insiders to also invest more in deterring poaching to protect their investments. On
the other hand, the threat of poaching may weaken the insiders’ motivation to invest in the
first place.

Another set of extensions could investigate differences in the “technology” of deterrence.
For example, in our study, observability of outsiders was exogenous and free: insiders chose
sanctions, given their exogenous ability to observe the outsiders. In other settings, individ-
uals may need to coordinate monitoring rather than sanctions. For example, neighborhood
watch programs to deter criminal behavior in neighborhoods seem to rely on coordinated
monitoring, while sanctioning is left to local authorities. In fact, vigilante punishment would
likely be illegal in this case. It may be worthwhile to explore individuals’ ability to coordi-
nate monitoring to deter outsiders, given that sanctions are provided by the state. Another
possible extension of our work is to examine the role of the state in providing observability
or sanctions. In our study there is not a role for the state, but in some situations individuals
and the state may combine efforts to provide deterrence. A central question in this context
is whether the state’s provision of enforcement activities complements or is a substitute for
individual efforts. provision of enforcement activities complements or is a substitute for
individual efforts.
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Reviewer’s appendix: Treatment regression results

Insiders Outsiders

(1) (2) (3) (4)
Aggregate First/Second Aggregate First/Second

Partial Monitoring 0.003 -0.443 1.156 0.714
(0.41) (0.51) (0.85) (1.04)

Full Monitoring -0.333 -1.014 -0.839 -0.440
(0.41) (0.53) (0.76) (1.00)

Second -0.937** 0.637
(0.30) (0.46)

Partial Monitoring × Second 0.837* 0.827
(0.37) (0.61)

Full Monitoring × Second 1.277*** -0.747
(0.38) (0.53)

Constant 6.093*** 6.593*** 6.828*** 6.488***
(0.35) (0.46) (0.70) (0.91)

R2 0.007 0.031 0.072 0.095
N 900 900 540 540

* p < 0.05, ** p < 0.01, *** p < 0.001

Table A10: Linear random effects regression models of treatment differences
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Reviewer’s appendix: Experiment instructions

The instructions below are for the Partial Monitoring treatment. We note where the
instructions are changed for the Zero and Full Monitoring treatments.

Introduction

Welcome to today’s session. You are here to participate in an experiment on decision
making. The experiment will last approximately 60 minutes. Based on the decisions you
make, and the decisions made by other participants, you will be paid in cash privately at
the end of the session. Please turn off your cell phones and refrain from talking with other
participants for the remainder of today’s session.

We will now begin reading the instructions. A companion document, Screenshots, dis-
plays what you will see on your computer screen during each stage, written here in bold.
Use these two documents together as we read through the instructions.

In addition, there is a Personal Record Table included with these instructions. You will
fill in this table to keep track of your decisions and your Payoff during the experiment.
During each period you should fill in this table with the information on your screen. Be sure
to record your total payoff for each period in the rightmost column.

Sorting

At the start of the first period, and before the first stage, you and the other participants
will be randomly sorted into groups of eight. These groups will then be randomly divided
into two sub-groups: Group 1 (five members) and Group 2 (three members), as illustrated
below. Each group of two subgroups is encased in an oval. In this experiment you will
interact within your oval, but you will not interact with other ovals.

(a) Participants

1 1 1 1 1

2 2 2

1 1 1 1 1

2 2 2

(b) Sorting

When you receive your group assignment, you will also receive a group member identi-
fication number (ID). You will be in the same group and keep the same ID for the entire
experiment.
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At the start of the first period, and each subsequent period, you will receive an endow-
ment of 12 tokens. You will make an investment decision with these tokens. We will describe
this decision in detail momentarily.

During the sorting, you will see the screen Sorting. It will display your group number
and your group ID.

You can click Continue to move to the Waiting Screen. The experiment will advance
to the next stage when all participants have clicked Continue.

Stages

There are fifteen periods of decision-making in today’s session. Each period is divided
into five stages. The order, names, groups and duration of these five stages can be seen in
the table below.

Number Name Who’s involved Duration (seconds)

1 Communication Group 1 120
2 Investment Group 1 & Group 2 30
3 Initial payoff Group 1 & Group 2 20
4 Deductions Group 1 60
5 Final payoff Group 1 & Group 2 20

Conversion Rate

During the experiment your initial payoff and final payoff will be shown to you in lab-
oratory dollars ($L). The conversion rate with US dollars is $1.00 L = $0.012 US. So if for
example you see a payoff of $100 L, this converts to $1.20 US.

Questions

You are welcome to ask any questions you have about the experiment. If at any time you
do have a question, or are unclear about something, raise your hand. Someone will come
over to assist you.

If there are no questions at this time, we will now describe each stage.

1. Communication (Group 1)

For odd-numbered periods (i.e. 1,3,5 etc), this is the first stage. For even-numbered
periods, this stage will be skipped.

Members of Group 2 will see Waiting Screen and will be asked to wait patiently until
the next stage. Members of Group 1 can communicate with each other using a chat box and
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will see Communication.

As a member of Group 1, you can chat with the other members of Group 1. To send
a message, type your text in the entry box, then press “Enter” on your keyboard to send.
You will see your message displayed in the chat box with your group member ID next to it.

Your message will be visible on the computer screen of each member of Group 1. Please
restrict your conversation to topics concerning the experiment.

Once the timer in the upper right corner reaches zero, the stage will end, and you will
advance to the next stage.

If you finish chatting before the time is up, click Continue. When all of the Group 1
members have clicked Continue, or when the stage ends, the experiment will go on to the
next stage.

2. Investment (Group 1 & Group 2)

This is the second stage. As a member of Group 1 or Group 2, you will see Investment.

In this stage, you will decide how much of your endowment to invest in The Account.
What is left of your endowment will earn a private return of two-to-one. This means that one
token not invested returns two dollars, two tokens not invested return four dollars, and so on.

What you earn from investing depends on two things: 1) how much you invest and 2)
how much everyone else invests. The Initial Payoff Table at the back of these instructions
shows you the relationship between how much is invested in The Account and total payoff
from The Account. Note that The Account can yield negative returns.

How to make your decision

Your endowment is twelve tokens. This means that you can invest up to twelve tokens
in The Account. You make your decision by entering a number into the entry box called
“Your Investment in The Account”. Your decision must be a whole number.

Payoff from your decision

Your decision determines what share of The Account Payoff you receive. You and the
seven other participants in your oval will each get a share of The Account Payoff that de-
pends on the tokens invested in The Account. Your share of The Account Payoff equals
your number of tokens placed in The Account as a fraction of the total tokens you and the
other participants in your oval place in The Account.
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For example, if a total of 12 tokens are invested in The Account by the five members of
Group 1 and the three members of Group 2, The Account Payoff is $314.40L. If you placed
2 tokens in The Account then your share of The Account Payoff is 2/12 of the $314.40L, or
2/12× $314.40L = $52.40L.

Continuing with this example, your 10 tokens not invested would return you a private
payoff of 10 × $2.00L = $20.00L. In addition, in each period you receive a fixed payoff of
$88.80L. Therefore, your initial payoff for this example is $52.40L + $20.00L + $88.80L =
$161.20L.

Before making your decision, along with the Initial Payoff Table, use the payoff calculator
to see what your payoff will be based on what you invest, what Group 1 invests, and what
Group 2 invests. You may try as many combinations in the calculator as you like. They will
not affect your payoff. Note that to use the calculator, you must first enter a number in the
decision box. This acts as a placeholder while you use the calculator.

Please note that the lowest your initial payoff can be is zero.

When you have made your decision, click Continue. By clicking Continue, you will be
asked to confirm your decision. You may revise your decision if you wish. When you confirm
your decision, you will advance to the waiting screen. You cannot change your decision after
this point. When all participants have confirmed their decisions, the experiment will go on
to the next stage.

3. Initial Payoff (Group 1 & Group 2)

This is the third stage. As a member of Group 1 or Group 2, you will see Initial Payoff.

Here you can view your initial payoff. Your initial payoff is the sum of your payoff from
The Account, your private payoff, and the fixed payoff. In addition, you will see: total
investment in The Account; how much Group 1 invested; how much Group 2 invested; and
the total payoff from The Account. Please make note of these amounts in your Personal
Record Table.

Click Continue when you are ready to go on. After all participants have clicked Continue,
the experiment will go on to the next stage.

4. Deductions (Group 1)

This is the fourth stage. Members of Group 2 will see Waiting Screen and will be
asked to wait patiently until the next stage.
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If you are a member of Group 1, you will see Deductions. You will be shown how
much each Group 1 member invested, along with his or her initial payoff. You will see your
information in the leftmost column, and you will see the information of the other Group 1
members in the first four columns to the right.

In addition, you will also see the information of one randomly chosen member of Group
2. You will see his or her information in the rightmost column. This Group 2 member will
not know his or her information is being shown to you during this stage.16

The information of each participant you will see is his or her group number, group ID,
investment, and initial payoff.

Note that this display format – you to the leftmost, the rest of Group 1 to the right, and
one randomly chosen member of Group 2 to the rightmost – will be used in each period of
today’s session.

In this stage, you can decide to decrease the payoff of these participants by assigning
deduction points. Only members of Group 1 can assign deduction points. Group 2 members
cannot assign deduction points. If you are a member of Group 1, you may enter a number
of deduction points for each participant. If you do not wish to change the payoff of a par-
ticipant, then you must enter 0.

Assigning Deductions

You will incur costs from assigning deduction points. Each deduction point you assign
will cost you $1L. For example, if you assign 2 deduction points to one participant, this
costs you $2L. If, in addition, you assign 4 deduction points to another participant, this
costs you an additional $4L. In total for this example, you will have assigned 6 deduction
points, costing you $6L. To view the cost of your assigned deductions, click the button Cost.
Your deduction assignment cost is calculated as:

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

You can change your decision as long as you have not left the stage. To recalculate the
costs after changing your assigned points, simply click Cost again.

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

16Note: This was changed for the Zero Monitoring treatment to read “You will not see any information
of Group 2” and in the Full Monitoring treatment to read “In addition, you will also see the information of
each member of Group 2. You will see their information in the rightmost columns.”
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Receiving Deductions

If you assign 0 deduction points to a particular participant (i.e., enter “0”), you will not
alter his or her payoff.

However, if you assign one deduction point to a participant, you will decrease his or her
payoff by $3L. If you assign a participant 2 deduction points you will decrease his or her
payoff by $6L, and so on.

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

loss from received deductions = 3× number of received deduction points

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

Total Cost of Deductions

Putting all this together, if you are a member of Group 1, your total cost in this stage
is:

total cost of deductions = (1× assigned deductions) +

(3× received deductions)

If you are a member of Group 2, you cannot assign deduction points, so your total cost
in this stage is simply:

total cost of deductions = 3× total received deduction points

Keep in mind, your final payoff cannot be less than zero. Therefore, your total costs of
deductions will never be higher than your initial payoff.

Members of Group 1, when you have finished making your decisions, click Continue. By
clicking Continue, the experiment will go on to the next stage. You cannot change your
decision after clicking Continue.
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5. Final payoff (Group 1 & Group 2)

This is the fifth and last stage. Here you will view your final payoff.

If you are a member of Group 1, your will see Final Payoff Group 1. Your final payoff
is your initial payoff minus your cost of assigned deductions and your loss from received
deductions. Notice that this amount can never be less than zero. You will also see your to-
tal payoff for all periods. Please make note of these amounts on your Personal Record Table.

If you are a member of Group 2, your will see Final Payoff Group 2. If you were
randomly selected for monitoring, your final payoff is your initial payoff minus your cost of
received deductions. If you were not randomly selected for monitoring, your final payoff is
the same as your initial payoff. Notice that this amount can never be less than zero. You
will also see your total payoff for all periods. Please make note of these amounts on your
Personal Record Table.

Click Continue when you are ready to go on.

After all participants have clicked Continue, the period will end, and you will go to the
next period, where you will start over. Remember that your group assignment and ID stay
the same in each period. After Period 15, the experiment will end, and you will be paid
privately based on the conversion rate.

Summary

When the experiment begins, you will be randomly divided into groups of eight. Then,
within your group, you will be randomly assigned to one of two subgroups: Group 1 or
Group 2. You will be randomly assigned an ID number within your group. Your group
assignment and ID assignment will be the same throughout the experiment.

You will participate in 15 periods of this experiment.

Members of Group 1 will participate in a communication stage in period 1, 3, 5, 7, 9,
11, 13, and 15.

All participants will receive an endowment of 12 tokens in each period. You will decide
how much of your endowment to invest into The Account, which is shared by all partici-
pants. What you earn from The Account depends on what you invest and what everyone
else invests. You will also earn $2.00L for each token you choose not to invest and a fixed
payoff of $88.80L in each period.

Once your initial payoff has been determined you will move to the Deductions stage. In
this stage members of Group 1 will be able to assign deduction points to the other members
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of Group 1 and one randomly selected member of Group 2. Each deduction point you assign
costs $1.00L and reduces the payoff of the person receiving the deduction point by $3.00L.
Keep in mind that the cost of deduction points you assign cannot exceed your initial payoff,
and that the total cost of deduction points cannot reduce your payoff below zero.

At the end of each period you will be informed of your initial payoff, your cost of assigned
deductions, your loss from received deductions, your total cost from deductions, your final
payoff for the period and your total payoff for all of the periods which have been completed.

Questions

You are welcome to ask any questions you have about the experiment. If at any time you
do have a question, or are unclear about something, raise your hand. Someone will come
over to assist you.

If there are no questions at this time, we will begin the experiment.
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Initial Payoff Table

Total Investment in The Account (# of tokens) Total Payoff from The Account

0 0.00
4 117.60
8 222.40
12 314.40
16 393.60
20 460.00
24 513.60
28 554.40
32 582.40
36 597.60
40 600.00
44 589.60
48 566.40
52 530.40
56 481.60
60 420.00
64 345.60
68 258.40
72 158.40
76 45.60
80 -80.00
84 -218.40
88 -369.60
92 -533.60
96 -710.40
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