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Abstract

For centuries, villages in the Alps employed a special system for managing their common prop-
erties. Individual users could inspect other users at their own cost and impose a predetermined
sanction (a fine) when a free rider was discovered. The fine was paid to the user who found a
violator.

Experiments with the institutions demonstrate that this mechanism considerably improves effi-
ciency of resource use. The classical model of identical selfish agents does not capture the data as
well as a model with heterogeneous and linear other-regarding preferences. Altruism and especially
potentially dysfunctional behavior, such as spite and mistakes, play important positive roles.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

For six centuries a special institution for managing common property resources was long
and enduringly employed by villages in the Italian Alps. It began to emerge at the beginning
of the 13th century for application to common forests and pastures and remained in place
until it was forcefully removed by Napoleon in 18064sari, 200 The experiments and
theory reported here are the first attempts to study this institution. The research reflects an
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attemptto pinpoint the reasons for the success of the system when compared to other systems
with similar institutional features. Part of the research involves the study of experiments
reported by others and the paradoxes one can see in their data.

The decentralized management system negotiated by the Italian villages had a very simple
structure. The population of a village developed a contract among themselves, subject to
the approval of the regional government, called ‘Carte di Regola’, where they described
a system for monitoring and sanctioning those who are discovered violating or exceeding
patterns of use that the villagers agreed upon in the contract. The ‘Carte di Regola’ specified
in advance the conditions under which a sanction could be inflicted on a person found in
violation of the contract and the amount of the fine. The village court would sentence people
who used the common resource above an established limit to pay a fine proportional to the
severity of the damage inflicted to the community. Any villager could report a violation but
he usually incurred a cost in the form of a monitoring effort to discover the violator and
additional costs to bring him to court. A share of such a fine usually went to the person who
discovered the violator in order to give an incentive to monitor. The questions posed for
study here are related to how this particular management system performs and why.

Experimental results have demonstrated that unregulated use of a common-pool resource,
such as a common pasture or fishery, generates inefficient levels of use. However, the
experimental literature contains a fundamental paradox, which we will call the spite/altruist
paradox that is in need of replication and explanation. On the one hand, W@&Ref
et al., 1990 report group overuse of the resource at levels that go beyond what a pure
free-riding Nash equilibrium model would predict. That is, the individuals choose to exploit
the resource beyond what the self-interested Nash model would predict, as if individuals
actually wanted to harm the group in a manifestation of spitefulness. On the other hand,
in a public goods environment, which is essentially a transposition of a common-pool
environmentAndreoni (1995pndlsaac et al. (1994 port behavior of an opposite nature.
They report cooperation levels above the Nash equilibrium in public goods environments
while WGO report cooperation levels below the Nash equilibrium in the common-pool
environments. It is as if people are altruistic when faced with public goods provision and
the opposite (“spiteful”) when using common-pool resources. The spite/altruist paradox
is the suggestion that cooperative behavior is the opposite within two institutions that are
theoretically similat:

The existence of the paradox suggested a need for a replication of results. The paradox
could be due to subject pools, incentives, experimental protocols or features of the exper-
imental environment including the experimenters themselves. Any attempt to explore the
paradox should remove those variables from the list of possibilities. Replication helps to
do that.

The experimental results reported in this paper are first that the ‘Carte di Regola’ insti-
tution is surprisingly successful in raising efficiency in the use of a common-pool resource.
In addition, the patterns of results previously reported in the literature are replicated. As
it turns out, the spite/altruist paradox can be explained by a model where agents have het-
erogeneous, linear other-regarding preferences. Such a model allows for selfish, altruistic
and also spiteful agents. The interaction among these different types of agents can explain

1 see alsd.edyard, 1995for a survey of cooperation in public good experimentsRalfrey and Prisbey, 1997
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a wide array of regularities related to these and other, similar experiments. The model pro-
vides insights about how the institution relies on the heterogeneity of preferences that exist
in the population to efficiently coordinate decisions into the enforcement of management
plans. In particular, the presence of spiteful individuals, who enjoy harming others through
the imposition of sanctions, can serve a socially useful purpose. In addition, the model
explains how the ‘Carte di Regola’ provides a greater opportunity for altruism to benefit
the group.

The structure of the paper is as follovction 2utlines aspects of the institutions under
consideration. The basic common-pool resource environment is introdu&stion 3
The classical game theoretic model is outlinedSiection 4 The stylized version of the
‘Carte di Regola’ monitoring and sanctioning institution is describe8ention 5 These
two sections also present the Nash equilibrium according to the classical model, where
all agents are selfish and this fact is common knowledge. The linear other-regarding agent
model is outlined irBection @along with the predictions for the various treatments with and
without sanctions. The experimental procedures are described in some d&gition 7
Baseline experiments without sanctions are report&gtittion 8 Here, the results of WGO
are replicated and extended. The results of experiments with sanctions can be found in
Sections 9 and 10wo treatments of the sanctioning mechanism are studied: a weak sanction
institution that should have no effect on the outcome according to the classical model and
instead greatly improves efficiency; a strong sanction institution that has the goal of bringing
the group to the socially optimal outcome and turns out to fall slightly short of the target. A
discussion irSection 11ldemonstrates how the models extend themselves to related issues
and dataSection 12contains reflections about the nature of the institution and speculates
about why it had such remarkable succ&sexction 13s a summary of conclusions.

2. Management systems and sanctioning institutions

Avariety of systems for the management of common property resources and public goods
provision can be found in the literature. All systems are structured around the assumption
that unless guided by specially crafted institutions the users of the resource hold the potential
for over-exploitation and sub-optimal use or, in the case of public goods, a failure to pay for
the provision of the public good. To an untrained eye the differences among the different
systems might seem insignificant, but through the lens provided by economic theory and by
game theory, the differences are substantial. This paper is concerned only with provisions
of sanctions that are associated with the more decentralized syStehs.1lists major
variables and the papers in which investigations have been reported.

The variables fall into two major classes. The first is related to the cost of monitoring
and what might be revealed as a result of monitoring. The presumption is that the actions
of individual users are not necessarily freely observable and that management institutions
might differ accordingly. The ‘Carte di Regola’ system studied here was crafted to address

2 Some studies have been not included in the review either because they have an external sanctioning authority
(Beckenkamp and Ostmann, 1999; Cardenas et al.,)200fecause the experimental design is for other reasons
too different from ours{amagishi, 1988; McCusker and Carnevale, )98&eOstrom, 1990for field examples.



Table 1
Monitoring and sanctioning institutions

This study

Moir (1999)

Ostrom et al. (1994)

Fehr and Géachter (2000)

Environment

Monitoring (search)

Monitoring fee

Are all individual use levels
(investment levels)
revealed?

Sanctioning
Targeted agent
Amount of the fine

Condition for inflicting the
fine

Multiple fines on the same
action

Identity of targeted agent

Inspecting agent
Fee (cost of administering
the finc)
Who receives the fine
Limits to requests of
sanctions per period
Identity of requesting agent

Common-pool resource

Fixed fee for each request
No, only if somebody in the
group requests it

In a fixed proportion of
overuse

If overuse occurred
No

Publicly known after fine

Included in monitoring fee

Inspector
None

Not revealed

Common-pool resource

Variable fee for each request
No, only if the agent requests it

Subjective choice of inspector
(variable upper bound)

If overuse occurred
Yes

Publicly known after fine

Proportional to the amount of
the sanction

Experimenter

Limited to the budget of the
inspector

Not revealed

Common-pool resource

None
All use levels are public; all
agent histories are public

Subjective choice of inspector
(fixed upper bound)

Subjective
Yes

Unclear®

Proportional to the amount of
the sanction

Experimenter

Each agent is limited to a
single request

Not revealed

Public goods provision

None
All use levels are public; no
individual history is available

Subjective choice of inspector
(up to 100 percent of period
earnings)

Subjective

Yes

Known only to targeted and
inspecting agent

More than proportional to the
amount of the sanction
Experimenter

Unclear®

Not revealed®
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4 Monitoring is always perfect (i.e. there is truthful revelation of the action). In Ostrom et al., 1992 and Fehr and Géchter, 2000, agents can sanction each other but
there is really no monitoring device, since the individual actions are automatically revealed to everybody at the end of each period. Moir (1999) introduces two distinct
decisions, first to monitor an agent and then to eventually sanction her. We have compacted them in a single decision: to inspect an agent or not. An inspection uncovers
another agent’s action and automatically inflicts a sanction if some conditions are met. This feature was not explicitly described in the papers.
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common property resources and the assumption is that for any one agent there is a cost of
observing the levels at which various other agents use the resource.

The second class of variables is related to the nature of rewards and punishments involved
in detecting an agent who overuses the resource, the sanctioning institution. Some variables
are related to whether or not a sanction/fine is levied on the targeted agent, including the
amount of the sanction or sanctions and whether the sanction was public. Other variables
are related to the position of the inspecting agent including the financial costs and benefits
of conducting an inspection. In particular, the amount of the sanction and indeed whether
a sanction is levied or not is determined according to a known rule as opposed to being
determined by the inspector.

A study of theTable 1will reveal that the ‘Carte di Regola’ differs from other systems
in two important ways. First, the fines resulting from social sanctions involve a transfer
of income from the inspected to the inspector as opposed to a loss of system wealth. Of
course, the cost of inspections is a loss to the system. By contrast, successful fines in the
other systems are a dead weight loss to participants. Second, the punishment level cannot
be changed by the inspector and is set to fit the crime. In particular, the targeted agent
pays a fine only if use of the resource is more than a publicly known level and the fine is
proportional to the excessive use.

The theory and experiments reported below are focused on the ‘Carte di Regola’. The
focus is on the efficiency properties of the system and on models that are put forward to help
explain the behavior of the systems. Experiments with no sanctions establish an important
baseline for comparison with other studies and for measuring the impact of the ‘Carte di
Regola’. Then by varying the level of sanctions the model with heterogeneous agents can be
explored and compared to the classical model that has been used to capture the performance
of other institutional arrangements.

3. Thelaboratory common property resource environment

The environment studied here is similar to common-pool resource environments studied
elsewhere in the literaturdppendix A). A group of N agents interacts in the use of a
common-pool resource. In general, agents have preferences for any benefits they receive
from the availability of the common-pool resource as well as the cost to them of their efforts
to harvestit. However, for purposes of developing the models in terms of preferences that will
be found later in experimental environments, each agentharacterized by preferences
of a special form where; can be interpreted as a personal monetary value of resource use
net, of any per unit cost resulting from a level of efforx;:

Ui (7t;) (1)
where
m =2 (X0 +a(@=x) )

wherex; € [0, x] is interpreted as the level of “effort” expended by ageint the use or
harvesting of the common-pool resourée = levx,' the total use levels of the group of
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Fig. 1. Technology of the common-pool resource.

N agentsf(X) the quantity of a common-pool resource, interpreted as a group revenue,
andx;/ X the fraction of the total group effort that is expended by agelfitt; = 0, then

the agent gets none of the common-pool resource. The “initial endowment” of iaigent
indicated by a parameter and it is the fraction of revenue that is returned.td x; = 0,

the agent getaw. The group revenue(X) are non-linear in the group effort and first
increase irK up to a maximal point and then decrease as illustrat&iinl and defined by

Eqg. (3)

ax — bx?, if X <184

fX) = &)
200[e 0-0574X-184 _ 11 if X > 184

The dynamic of renewable resources is generally modeled with a paraiiat&,(1976;
Gordon, 195X as it is done in the first piece 6{X). For high level of effortsf(X) has a
lower bound at-200.
The parameters used throughout the experiment¥ ate8,x = 50,a = 5/2,a = 23/2
andb = 1/16. The parametes has no effect on the incentive structure of the game theoretic
models and in the experiment can be viewed as a fixed bonus to subjects for participation.
The resource environment can be viewed as the physical environment, including pref-
erences and the relationships among effort and the magnitude of the resource pool. How
those interact depends on institutional arrangements and the behavior that takes place within
those institutions. The following sections address models of those relationships.
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4. Theclassical model

Behavior within the context of a common-pool resource environment can be understood
in the context of principles of game theory. The structure of the environment in the absence
of any intervening institutions leads to a game theory model that we will call the ‘classical
model’. That is, a description of the physical environment is simultaneously a description
of the institutional environment. Individuals are assumed to maxikdje;) as defined in
Egs. (1) and (2)subject to the strategy sete [0, x] and the relationships found Eyg. (3)

It is important to notice that the utility function defined Bg. (1) has no parameters
related to the income of others or risk aversion. Furthermore, it is assumed in the classical
model that all agents have the same utility function.

The Nash equilibrium of the game is easy to compute. From the first-order conditions to
maximize earning8r; /0x; = 0, we derive the best response functiopis= ((a —«a)/2b)—

1/2)X_;, whereX_; = Zi.\;ixj, which is a linear function of the use level of everybody
else Fig. 2). As all agents have identical incentives and preferences, at the Nash equilibrium
the group outcome i¥* = (N/(N + 1))((a — «)/b), when(Na — 184N + 1)b) > Na.

In this game, the Nash equilibrium is unique and symmetric.

Given the parameter valueé = 8,a = 23/2,« = 5/2 andb = 1/16, the Nash
equilibrium outcome is¥ = 128, which corresponds to an individual effort levelpf=
16vi.

The efficiency of an outcome is defined in reference to the group earnings minus the
endowment moneyI’ = IT — Naw. A group outcome is normalized using the maximum
earnings that the group could readli’(= 324). This efficiency index scores 100 percent
when the resource is used at the socially optimal level and 39.5 percent at Nash equilibrium.
The efficiency of the Nash equilibrium goes down as group size goes up because there is
less incentive to take into account the strategic interaction among the agents.

The last observation is of particular interest because it leads to another model that we
shall call ‘open access’. When the number of users goes to infinity, agents completely
ignore the strategic interactions among them. If the number of agents is finite but agents are
poorly informed about the consequences of the actions they take (in the sense that agents

x* A
72
[ Max Use 50 — e
“e—__Spiteful agent

Range | N g

i < Classical Altruistic age'lt‘\ “—.

o | Nash eq. 16 \ \\

i \ Self-interested o
choice | Min. Use 0 . clf-interested agen >

44 112 144 ™

Notes: In the no-sanction design (N=8, a=23/2, 0=2.5, b=1/16)
the classical best response function (selfish agent) is x.¥= 72 - V2 x., (solid bold line)

Fig. 2. Best response functions, no sanction treatment.
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believe thab[(x;/ X) f (X)]/0x; = 1), then the model leads to exactly the same behavior.
The solution at the open access equilibrium has efficiency at zero percent, which implies a
complete destruction{’ = 0) of the potentially positive incomes that the group could have
made out of the common-pool resource. The efficiency is zero percent because agents use
the resource up to a point where average costs equal average beGéfia.the parameters
adopted, the socially optimal outcome isXat= 72 and could be obtained if all the eight
agents in the group choose = 9 while the open access outcome iskat 144 (x; = 18;

Fig. 1). If the group uses the resource above the open access level, group earnings are
negative and efficiency can be as negative-821 percent (foX = 400).

Proposition 1A (Resource use without sanctiond)ithout a sanctioning ingtitution, the
classical Nash equilibrium outcome has an efficiency of 39.5percent [group appropriation
X = 128]. All the agents use the resource at an identical rate of x; = 16.

5. The‘Cartedi Regola’ system under the classical model

The basic features of the ‘Carte di Regola’ mechanism for monitoring and sanctioning
are captured by a simple game where any agéenthe group has the option of selecting
other individuals;j # i for inspection after he has privately decided his own exploitation
level of the common-pool resource. At a unitary doghe inspector can view the decision
of any individual. If the inspected individual has exploited the resource excessively, relative
to a publicly known amount, a fines; is imposed and paid to the inspector:

0, iij'f)\
S; =
LT T

The parametdnis the unitary fine for each extra unit of effort and measures the stiffness of
the punishment. Agemtmakes a profit when the fégpaid to carry out the inspection is more
than compensated by the transdefrom agenf to agent, namely whem;; = (s; —k) > 0.

As the transfes; is proportional to the use of aggnin excess of the “legal” threshold

a profit is made when ageptises the resource more thaes (k/h) + A.

Considering both the use and the inspection decisions, the payoff of agent; =
xi/X)fX)+a(w—x;)—I;si + Z#i Iijrij, wherel;; = 1 indicates that agentnspected
agentj and Jjj = 0 indicates otherwise; moreovef, = 1 if Z#i li = landl; =0
otherwise.

The game model takes place sequentially in two steps. In step 1, agents decide the use of
the common-pool resource. In step 2, agents make inspection decisions by selecting a subset
of agents for which he/she wants to pay for having inspected. Anyone caninspect anyone else
so atthis stage there aré&ttions available to each agent. An inspection involves at the same
time information discovery as well as punishment. Before requesting an inspection, agents
know only the total group use. After the inspection phase, the use levels of the inspected
individuals become public information. Neither the number of inspections, nor the identities

3 To use a market analogy, the three situations correspond to a monopoly, Cournot oligopoly and perfect com-
petition situation.
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of the inspectors are public information. Another feature of the mechanism is that there is
no accumulation of sanctions when more than one agent request to inspect the same person.
If multiple inspectors exist, one inspector is randomly selected out of the requesting agents.
The threat of sanctions reduces the incentives for high use levels of the common-pool
resource because they increase the cost of any effort above the “legal’dimnitp. The
consequence is a downward shift in the best response function of a targetedagedt (
The degree of the shift depends on the perceived probapijlityhat an agent has of being
inspected. If such probability is positive, the agent’s best response is to use the resource
less than in the corresponding no inspection case.
The symmetric Nash equilibrium outcome is a pai¥,(p*) that jointly satisfies the
following two conditions, one for each of the steps of the game model:

N a — (a + hp*)
T N+1 b
X*, p*) that solves .
S . [o if E[x* < NE
P 1, if E[X*] > N&

X*

Notice the crucial role that is played in the inspection decisions by the assumption that
agents are identical and by the assumption that it is common knowledge (so in equilibrium
x; = x* andp; = p*Vi).

As will be explained in the later sections, experiments will be performed with two levels
of sanctions—a weak sanction and a strong sanction design. Both will be analyzed under the
assumptions of the classical model. In the strong sanction design, the unitanydifoair
times higher than in the weak sanction treatment and the definition of excessive resource
usea is stricter (lower).

The weak sanctiongk (= 7, A = 9, h = 1) are designed to have no effect on the Nash
equilibrium of the group outcome of the classical model. The weak sanction parameters are
set so that no inspection is strictly profitable when the individual use of resource is at or
is lower thant = 128/N = 16 Thus, in classical Nash equilibrium the total group use
does not change from the no sanction design level and there are no inspgatians) =
(128 0). As explained, even without the threat of sanctions, selfish agents have no incentive
to use the resource more th&n= 128. Instead, wheX > 128 the inspection of each one
of the agents will be profitable. If all the agents expect to be inspected with probability one,
though, the group resource use dropXte- 1137 (66.4 percent efficiency).

Proposition 2A (Resource use with weak sanction$he introduction of weak sanctions
does not change the classical Nash equilibriumlevel [X = 128].

Proposition 3A (Inspections under weak sanction¥yhen weak sanctions are introduced,
at the classical Nash equilibrium inspections pay zero However, if a slight psychol ogical
cost exists, no inspections are requested.

4 The equilibriumXx* = 128, p* = 0 is slightly altered when the agents have a “trembling hand” in their
inspecting decisions. If a subjectinspects “by accident” and this kind of eventis common knowledge the equilibrium
will be below X = 128. We believe that this point affects neither our basic results nor our conclusions.
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Strong sanctionsk(= 7,A = 7,h = 4) are designed to move the equilibrium away from
the inefficient outcome of the no sanction treatment to a fully efficient outcainre 72)>
The following properties are immediate.

Proposition 4A (Resource use with strong sanction$heintroduction of strong sanctions
movesthe classical Nash equilibriumoutcomevery closetothe socially optimal level [above
99 percent efficiency, X = 71.1].

Proposition 5A (Inspections under strong sanction$)hen strong sanctions are intro-
duced, at the classical Nash equilibrium all agents inspect everybody.

In the symmetric Nash equilibrium under strong sancti@is;, p*) = (711, 1), all
the agents are inspected and the group efficiency is at 99.97 percent. Inspecting an agent
is profitable wheny; > 70/N = 8.75. A slight discrepancy between the total group
use X* in equilibrium and the social optimal value was preferred to assigning non-
integer numbers to the parameter values. The difference in terms of efficiency is, however,
negligible.

6. Thelinear other-regarding model

This section outlines a simple, linear other-regarding model where an agent’s utility
depends not only on personal earnings but also on the earnings of the other people in the
group and computes the Nash equilibrium for appropriate parameters. Many other-regarding
models can be found in the literaturérébs, 1970; Rabin, 1993; Ito et al., 1995; Chan
etal., 1997; Levine, 1998; Bolton and Ockenfels, 2000; Saijo, in press; Fehr and Schmidt,
1999.The version of heterogeneous, linear other-regarding model adopted here intends to
capture in a parsimonious way a specific motivation for economic behaviorr| dte
defined as irEq. (2)and let/7_; = }_,_;7;. Then the assumptions of the heterogeneous,
linear other-regarding model are:

other-regarding preferencesU, (w;, I1—;) = w; + y; I1—; (4)
range of preferences y; € [—1, +1] (5)
heterogeneity 3; x withi # k suchthat y; # v (6)

In this model, agenitis willing to give up US$ 1 of personal earnings;{ in order to see

the other people’s earningB/(_;) changed by 13/; dollars. The classical model is a special
case when all agents are selfish £ 0, Vi). Agenti is called altruistic if other-regarding
parameter of agentis y; > 0 and ify; < 0 then agentis called spiteful. A spiteful agent
finds enjoyment in decreasing the earnings of others and is, therefore, willing to pay in
order for that to happen. Although not crucial for the conclusions, we fix by assumption
boundaries to the degree of altruism and spites [—1, +1], such that nobody chooses to

5 The inspection fe& was not changed because it relates to the difficulty of observing other people’s actions,
which is a technological parameter generally outside the control of the mechanism designer.



M. Casari, C.R. Plott/J. of Economic Behavior & Org. 51 (2003) 217-247 227

pay more than US$ 1 to modify the group earnings by less than ’SEhé. definition of

spite adopted is similar tBaijo (in pressput different from the concept of envy suggested

by Mui (1995) The model does not incorporate any reciprocity nor equity nor fairness
considerationg.As in the classical model, agents are assumed to be risk neutral and the
preferences of all the agents, common knowledge.

The rest of this section is devoted to the computation of the Nash equilibrium of the
heterogeneous, linear other-regarding model in the three levels of sanctions, no sanctions,
weak sanctions and strong sanctions.

When there are no sanctions, the best response function with linear other-regarding
preferences iss/ = ((@ — v)/2b) — ((1 + yi)/2)X ;. There are both symmetric and
asymmetric equilibria but all outcomes are within the values of the two “extreme” equilibria
computed assuming = —1, Vi ory; = 1, Vi.8 Forinstance, if all agents are fully altruistic
(y» = 1) the equilibrium is at the socially optimal outcomxe¢ = 72. If all agents are
moderately altruisticyy = 1/7) thenX* = 1152, while if they are moderately spiteful
(yi = —1/7) thenX* = 1442

With heterogeneous preferences the individual use levels are heterogeneous. In particular,
the lower the other-regarding parameterthe higheris the individual usg. In other words,
spiteful agents use the resource more than selfish agents and selfish agents use it more than
altruistic ones.

Proposition 1B (Resource use without sanctions)thout a sanctioning institution, the
Nash equilibrium outcome with heterogeneous, linear other-regarding agents has an effi-
ciency ranging in [—321 percent, 100 percent]— or use levelsin [72, 400]—depending
on the preference structure of the agents. In general, individual agents use the resource at
different rates, with spiteful agents using it more than altruistic agents.

When preferences in a group are heterogeneous there are two consequences for inspecting
decisions. First, because agents use the resource at differentFeipsgition 1B some
actions could be inspected for profit even in the weak sanction treatment. In particular,
if there are at least two types of agents and at least one agent is altruistic, then there
exists an agent that uses the resource ahgpve- 16. Second, the decision to inspect
depends on the preferences of the inspector. In particular, spiteful agents are willing to
request also non-profitable inspections. The utility of agendm inspecting agent is
Vi = Ui(m;, 1) + (s; — k) — y;s;. A spiteful agent finds enjoyment not only from the
cash flow §; — k) but also from decreasing the income of agemy s;. On the other hand,
an altruistic agent does not consider all the mongy- k) as a gain since the sanctiep

6 We assume that the vector of other-regarding parametésssuch that the individual response function is
within the intervaly; € [0, 50]. This assumption might further restrict the range db a subset of the{1, +1]
interval.

7 For an reciprocity model applied to a common-pool resource gamé&adkeet al., 2000

8 The same outcom¥* can be the equilibrium result of more than one vector of agent preferences but given a
vector of preferences, an individual shift in preferences has a predictable change on the odii€tftg;, < 0.

9 An interesting case is when the preferences in the group are symmetrically heterogeneous or, in other words,
when for every altruistic agentwith y; > 0 there is a spiteful agektwith y, = —y;. The Nash equilibrium with
symmetrically heterogeneous agents is in general more efficient than the classical Nash equilibrium. For instance,
when half of the agentg = 1/7 and the other halfy = —1/7 the outcome i&™* = 126,x; = 0 andx;, = 31.5.
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has been subtracted from somebody else that he cares about. A completely altruistic agent
(yi = 1) never inspects, while a complete spiteful one inspects when 125 in the

weak sanction treatment and when> 7.9 in the strong sanction treatment. When facing

the same use pattern, spiteful agents are more aggressive inspectors than altruistic agents
because they inspect for lower valuesxpf This propensity is captured by the fact that an
agent of typey; inspects the actions ¢if y; < —(k —s;)/s;.

Sanctions also affect level of use decisions. When a sanction is imposed, agents of every
type lower the resource use because the sanction increases the unitary cost of an appro-
priation effort. Under the threat of sanctions, the best response function of an agtmt
linear other-regarding preferencescfs= ((a — v — p(L+ y;)h)/2b) — (1 + yi)/2)x—;,
if x; > A. The utility of agent when inspected i¥; = U; (;, IT_;) —s; + y;(s; — k) and,
given the nature of the ‘Carte di Regola’ institution, sanctions induce a spiteful agent to
lower his appropriation level proportionally more than any other type. In fact, spiteful types
are doubly troubled while paying a sanction: for a start they earn less money and in addition
somebody else is going to be better off. Altruistic types are the least affected because a
portion of the sanction is transferred to other people in the group they care about. Only fully
altruistic agents, though, are not affected by sanctions in their appropriation decisions.

How do sanctions change the relative appropriation levels of altruistic versus spiteful
agents? When there are no sanctions, altruistic agents use the resource less than spiteful
agents. As explained above, sanctions induce a more than proportional reduction in the level
of use by spiteful people than altruistic peoptedposition 1B. The effect of relatively light
sanctions—as it is the case of the weak sanction treatment—is to reduce inequalities in use
levels within the group, although spiteful agents still use the resource more than altruistic
agents Proposition 3B. When sanctions are sufficiently heavy—as in the strong sanction
design—spiteful agents’ concern for the transfers of money induced by the sanction domi-
nates the incentives coming from their own earnings. The reduction in the use levels across
the different types is such that altruistic agents use the resource more than spiteful agents.
This reversal of the solution can be verified by substituting the parameter values into the best
response functiorRroposition 5B. In a strong sanction environment, when all agents are
fully spiteful the Nash equilibrium outcome }* = 64 while isX* = 72 when all agents
are fully altruistic, which corresponds to an efficiency range [98.77 percent, 100 percent].

Finally, the predictions of the model with heterogeneous, linear other-regarding prefe-
rences—which hold under some mild regularity conditions on preferences—are listed
below?°

10 Because of the reversal in behavior of spiteful agents from the weak to the strong sanction treatment, a
stringent condition on preferences is required to obtain the prediction that in equilibrium all agents are inspected
with probability one. In order to have inspections with weak sanctions it is sufficient if two or more agents are not
altruistic. A sufficient condition for all agents to be inspected in the strong sanction treatment is that in addition
to the above, the most spiteful agent is “not too far apart” from the next. More formally, when agents are ranked
low to high other-regarding parametergy, y ), ..., ¥@®), theny ), yo) < 0 and|yq) — v | < 0.25. This
condition is satisfied in three of the four no sanction experiments. The 7 April experiment satisfies a different
sufficient condition: No agent is very spitefyl;( > 0.45vi) and at least two agents are not altruistig ( y;,

y; < 0). The above statements are based on the estimation described in poinBée}ion 8 There is a much
milder condition that ensures that at least 87.5 percent (i.e. 7/8) of the action is inspected (it suffices that at least
one agent is not strongly altruistigy, < 0.08).
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Proposition 2B (Resource use with weak sanctiongyhen agents are heterogeneous and
other-regarding, the introduction of weak sanctions improves efficiency upon the Nash
equilibrium level without sanctions.

If two or more agents are selfish or spiteful (sufficient condition), the improvement is
strict.

Proposition 3B (Inspections under weak sanction¥)ith weak sanctions and agents with
heterogeneous, linear other-regarding preferences:

(i) there areinspections when two or more agents are not altruistic (sufficient condition);

(ii) theheaviest users(the most spiteful agents) are more aggressiveinspectorsthan lightest

users (the most altruistic agents) and also purposively request non-profitable inspec-
tions.

Proposition 4B (Resource use with strong sanctiong)hen agents are heterogeneous
and linear other-regarding, the Nash equilibrium outcome with strong sanctions has an
efficiency above 98.5percent (X* e [64, 72]) under some regularity conditions on prefer-
ences.

Proposition 5B (Inspections under strong sanction¥jith strong sanctions and agents
with heterogeneous, linear other-regarding preferences:

(i) under some regularity conditions on preferences all agents are inspected;
(ii) lightest users (the most spiteful agents) are more aggressive inspectors than heaviest
users (the most altruistic agents).

7. Experimental procedures

A total of 56 subjects were recruited from the campus of the California Institute of
Technology for a total of 10 experimental sessions. The different treatments are outlined in
Table 2 There are three different sanctioning designs: no sanction, weak sanction and strong
sanction. Within each treatment, half of the experiments were conducted with inexperienced
subjects and the other half with experienced subjects.

There were eight subjects in each experimental session. All subjects were seated at
terminals, separated by partitions and assigned identification numbers. No communication
was allowed'! Instructions were read aloud to everyone. The experiments were run on
networked personal computers using dedicated software for Netscape.

Procedures and rewards of the original study were changed as illustratpdendix A
In particular, the marginal monetary incentives were increased three- or four-fold compared
to WGO and the minimum safe earning was reduced. In order to make it easier to understand
the rules, the instructions were rewritten, special software developed and the action space
was rescaled.

11 Rocco and Warglien (1996pnducted a common-pool resource experiment allowing email exchanges without
significantly improving cooperation.



Table 2
Summary table for use decisions
No sanction Weak sanction Strong sanction

Experiments 1 2 3 4 5 6 7 8 9 10
Date 12 February 8 September 7 April 9 September 25 February 24 August 8 April 25 August 31 August 1 September

1998 1998 1998 1998 1998 1998 1998 1998 1998 1998
Sanctions No No No No Yes Yes Yes Yes Yes* Yes*
Experience No No Yes Yes™ No No Yes Yest No Yes*t
Number of rounds 32" 32 33 32 27 27 27 27 27 27
Period endowment (tokens) 4 4 4 0 4 4 4 0 0 0
Conversion rate (US$ per franc) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03
Group use

Average 124.7 134.2 133.1 133.3 125.6 115.4 110.8 110.0 91.8 79.1

Classical Nash equilibrium 128 128 128 128 128 128 128 128 71.11 71.11

Minimum 100 85.5 121.5 87 87.3 87 92.5 90 74 69

Maximum 154 161 149.5 167 186.8 160 154.7 137 126 95.5

S.D. 14.84 15.49 6.01 15.46 23.13 20.57 12.15 10.20 13.22 6.50

S.D. first/second half 4.52 1.68 2.59 0.79 0.92 0.83 2.57 1.46 2.18 0.85

Group efficiency (percent of maximum rent)

Average rent (1) 42.29 20.97 27.36 23.00 34.67 55.74 68.20 70.15 89.73 98.24
First 25 periods 42.48 23.74 2713 2227 3243 52.71 68.94 70.75 89.29 98.14
Last two periods 54.23 1.28 28.21 41.06 62.68 93.58 58.95 62.62 95.29 99.47

(after announce)

Fees (2) - - - - 13.04 8.24 6.64 7.68 17.20 17.04

Fines - - - - 14.01 8.90 6.49 6.19 43.39 28.44

Net average rent [(1) — (2)] - - - - 21.63 47.49 61.56 62.47 72.53 81.20

Individual average use levels

Lowest average user 8.8 10.6 9.9 9.0 11.7 10.2 11.0 11.1 8.9 7.1

Highest average user 325 39.2 44.8 35.2 20.0 17.3 18.4 15.3 14.1 13.0

Rank correlation first/ 0.917 0.902 0.961 0.966 0.907 0.892 0.926 0.872 0.823 0.858

second half

The experiments were done at the California Institute of Technology Sanctions: “No” is a no sanction experiment; “Yes” means that a monitoring and sanctioning device
was added to the no sanction experiment; “Yes*” indicates a different set of sanctioning parameters. Experience: “No” means that no subject has ever participated in
any one of these experiments before; “Yes” means that all the subjects have already participated in this type of experiment (on 9 December 1997 at the earliest); “Yes™”
means that all the subjects have participated the day before in this type of experiment with the same group of people. Number of rounds: number of effective rounds of
interaction, which excludes two practice rounds; (*) in column 2, a paper copy of the “return from investment” table was handed to the subjects between the 10th and
the 11th round instead of before the first round. During the whole experiment the table was projected on the wall of the room. Period endowment: The endowment o
indicates the number of tokens given each period toeach subject.
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The problem was presented as an abstract decision-making situation where there was an
opportunity to earn money by “investing” in a market. The use level was chosen without
knowing the choices of the other subjects. Use levels were expressed in “tokens” and
payoffs were in terms of “francs” (an artificial laboratory currency with a publicly known
dollar-exchange rate) and in dollars.

An experiment lasted from 1 to 2:20 h including the preliminaries. Individual earnings
ranged from US$ 5.80 to 53.10. Each subject was paid privately in cash immediately fol-
lowing the experiment.

Within each period of the experiment, there was just one step in the no sanction treatment
and two steps in the sanctioning treatments. During step 1, the computer prompted a request
for a number of tokens that the subject wished to put in the market. A subject could digit
any real number between 0 and 50. After everybody completed the input, the total group
use and gross group return were displayed. In the no sanction treatment, subjects could also
see their individual period payoff (your share of gross, cost of tokens, period payoff), while
in the sanctioning treatments this part was postponed until the end of step 2. Step 2 gave
a chance to inspect other subjects. By clicking on a box next to the subject identification
number, a subject could ask to uncover the use level of any number of subjects from 0 to 7.

The period payoff was computed and explained in terms of its three components: result of
use decisions, result of inspections asked and notices of the eventual charge for an inspection
targeting the subject. A full record of the past decisions could always be seen, including
personal individual uses and cumulative payoffs, total group uses and gross group returns
and the individual use levels of inspected agents uncovered by anybody in the group.

To ensure that the rules were well understood we adopted the following procedure. First,
the rules were publicly explained in detail and with examples. Second, a quiz was given.
All the correct answers were read aloud after completion of the quiz and the ones where
mistakes were noticed in the answers were further explained. Third, two practice periods
were run, to help the subjects familiarize themselves with the rules of the experiment and
with the software. After the two practice rounds, a number of periods from 27 to 33 were
run. Subjects were not told the number of rounds that were to take place. At the end of the
third-before-the-last period, an announcement was made that the experiment was going to
end in two periods. After the experiment was over, a questionnaire was submitted to the
subjects asking for the strategy they followed.

8. Resultsof no sanction experiments

The experimental results are compared with the predictions of the classical model (1A)
and of the linear, other-regarding agent model (1B). The data demonstrate that the predic-
tions of the classical model in the no sanction environment are subject to systematic errors.
The linear other-regarding agent model does better.

8.1. Result 1A

Without a sanctioning institution the resource is overused relative to the classical Nash
equilibrium (i.e. with homogeneous, selfish agents). People cooperate less than expected
according to that model and are worse off than the model predicts.
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Fig. 3. Average efficiency by experiment.
8.1.1. Support

In terms of efficiency the groups scored 28.4 percent of the maximum possible net re-
turn, a value that is lower than the classical Nash equilibrium level of 39.5 percent. The
overall average of the group use for the four experiments was 131.3, which is statisti-
cally different from 128 at a 0.01 level (seeTable 2for details). The group use var-
ied considerably across periods, ranging from a minimum of 85.5 to a maximum of 167
tokens.

Neither subject experience nor time effects alter the main conclusion that the group use is
persistently above the one-shot classical Nash equilibrium level. In particular, experienced
subjects do not perform better than inexperienced subjects do. Differences in efficiencies
actually favor inexperienced subjects (25.2 percent versus 31.6 pdripril).

Moreover, there is no indication of collusion among users. In fact, if a repeated interaction
effect is present, the pattern in the total group use should be:

(a) a convergence to the one-shot Nash equilibrium from below, i.e. in the nge
[72,128);

(b) an eventual jump to the one-shot Nash equilibrium level after the end-of-experiment
announcement has been made.

12 The symmetric Nash equilibrium valué = 128 was never recorded in any of the 129 rounds in which the
appropriation decisions were taken. The open access le¥ekisl44.
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Fig. 4. Average group use by experimental treatment.

A comparison between the first half, second half, and after announcement period
average¥® show no statistical differences at 0.01 significance level. As an overall
average, the values are 131.37 in the first half, 131.39 in the second half and 130.31 after
the announcemenE{g. 4).1* The volatility of the group use level decreases over time in
three out of four experiments (see variance comparisoiialite 9 but it mostly reflects
oscillations around the same average.

In conclusion, the observed level of group use can be explained by the heterogeneous,
linear other-regarding agent model, given an appropriate pattern of group preferences that
is biased toward spite

8.2. Reault 1B

In a sanction-free environment, a model of heterogeneous, linear other-regarding agents
is compatible with the patterns of individual resource use better than the classical model.

13 The subjects were not told the length of an experiment. In no sanction experiments, the first half includes
periods 1-15, second half 16—30 (or 16—-31) and after announcement 31-32 (or 32—33). In sanction treatment, the
first half includes periods 1-12, second half 13-25 and after announcement 26-27.

14 The presence of a repeated interaction effect and of time effects was also evaluated using the Ashenfelter—El
Gamal model, which is describedNoussair et al., 1995 he asymptote for the no sanction experiments is 134.0,
which is statistically different from the equilibrium level of 128 but not significantly different from the overall
average group use of 131.3 at a 0.05 level. This result confirms once more that the overuse of the resource persists
and does not tend to die out. The convergence to the asymptote starts from below for all the experiments, which
supports point (a).

15 Consider for example a group with three types of agents: two are moderately altpyistic1/21, four
self-interested agents and two quite spiteful ones —1/4. The group appropriation * = 132 with individual
appropriations;; of 6, 12 and 36, respectively.
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Furthermore, some clues exist in the data suggesting that it is an appropriate modification to
the classical model. Specifically, overuse and underuse are properties of individuals. About
37 percent of the agents are other-regarding and most of them are spiteful.

8.2.1. Support

The patterns of individual use do not conform to the one-shot classical Nash equilibrium
prediction ofx; = 16Vi. Individual actions are very dispersed in the action space (a) and
this variability is due to individual heterogeneity (b). Individual heterogeneity is not a
consequence of confusion (c) but is consistent over time (d) and is due to other-regarding
preferences (e).

(&) Only 2.5 percent of all actions ate= 16. The actions within a 25 percent bandwidth
around the prediction (i.e. in the interval [14, 18]) account for 15.7 percent of all the
actions and the rest are not symmetrically distributed around that value: about 61 percent
are below and 23.3 percentare above. The mean is 16.4 and the standard deviation (S.D.)
is 10.00.

(b) Abrieflookattheindividual average use levels makes clear that heterogeneity is a trait of
agents and that only a few agents were accountable for a systematic oveguSe (Ve
can reject the hypothesis that the agent average use is at the individual symmetric Nash
equilibrium (x; = 16) for 28 out of 32 agents at 0.05 level. Within each experiment there
are at least four different types of agents whose use behavior is statistically different
at 0.05 level. The presence of different types of individuals is a common finding in the
experimental literatureBrandts and Schram, 2001; Van Winden et al., in press

(c) There are reasons to believe that the differences in individual behavior are not due to
confusion. The experimental design was not simple and a possible explanation of het-
erogeneity is that the “heavy users” might have been confused subjects who did not
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Fig. 5. Agent average use levels.
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properly understand the incentive structure of the experifféhie evidence from the
quiz completed by each subject before the experiment does not show any support for
this option. We have assigned a score to each quiz taken, which is 1 if all the answers
are correct, 0.5 if some answers are not perfect but it is clear that the subject overall un-
derstood the rules and 0 if there are substantial and repeated mistakes. The four highest
users score an average of 0.92 against a general average of the 32 subjects of 0.89. In
other words, the heavy users are not less skilled than average.
(d) There is a remarkable consistency over time in the individual use patterns, which indi-
cates that the differences across agents are purposive rather than random. Consider the
ranking of agents by individual average use levelsin the firstand second half of the exper-
iment. A rank correlation computed with an OLS regression without a constant term in-
forms aboutthe existence of any monotonic relation between the two rankings. A 1-value
coefficient denotes a perfect positive correlation in agents’ behavior over time. When
all the no sanction experiments are pooled together, the estimated coefficient is 0.936
(number of observations is 3R? = 0.88; seeTable 2for single experiment regres-
sions). This test supports the view that over time agents are consistently heterogeneous.
The estimation of the individual best responses for the linear other-regarding agent
model on the experimental data leads to consistent results. Since the difference be-
tween the classical and other-regarding model is just in the slope of the best response
function (cf. (2) and (2); see alsdrig. 2), the regressions assume a correct value for the
intercept. The estimation is done under the assumption that the agents expect the others
to act in period as they did in periods(— 1): x;;, = 72— (1 + y3)/2) X—i -1 + &i.
All the 32 agent-specific estimated values of the other-regarding paramédtdrinto
the allowed interval 1, +1]. They; estimates range from a minimum o{0.40 to
a maximum of 0.08. About 37 percent of the agents have a paramesggnificantly
different from zero at a 0.05 level, and our model classifies them as either altruistic
wheny; is positive (2 agents) or spiteful when is negative (10 agents).

(e

~

To sum up, in the experiments group efficiency of 28.4 percent is below the classical
Nash equilibrium level of 39.5 percent. WGO reported an average negative efficieBi@y (
percent) but at a closer analysis the difference between the two studies turns out to occur
in the earlier rounds and dies out over tiffeMoreover, individual actions are widely
heterogeneous. WGO reports that in the 48 percent of the rounds not a single agent used 16
tokens. In our experiments the figure is 90 perdént.

16 | the heavy investors are confused subjects, however, it is unclear why we do not find them in the experiment
with the weak sanction treatmeritig. 5). Such experimental design is more complex than the no sanction design,
although the threshold level for sanctioning gives a vague clue about the equilibrium level and the monetary
incentive against high appropriation levels are higher.

17 The convergence values estimated with the Ashenfelter—El Gamal model are statistically indistinguishable
(131.97 WGO and 133.78 ours), although our data reject the Nash equilibrium vatue-cf28 at a 0.05 level
where WGO data are more noisy. Average group efficiency is computed using WGQO's three experiments and the
first 20 rounds of the four no sanction experiments in this paper. The 0.95 confidence interval of the Ashenfelter—El
Gamal asymptotes are [124.38, 139.56] for WGO and [129.33, 138.22] for ours.

18 part of the increase observed in our experiments might be due to the rescaling of the action space and to the
opportunity to invest any real and not only integer number.
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The predominance of spiteful agents over altruistic ones can account both for the overuse
at the group level and for the observed pattern of individual actions. A model relying on
homogeneous, selfish agents cannot explain either one of the two regularities.

9. Resultsof weak sanction experiments

This section describes the outcome of four experiments run under the weak sanction
treatment and in particular it focuses on the inspection decisi®estion 9.2 and their
effects on use decisionSé¢ction 9.1

9.1. Result2

With the introduction of weak sanctions, group efficiency improves substantially. Re-
source use efficiency moves from below the classical Nash equilibrium to above the clas-
sical Nash equilibrium. These results are not predicted by the classical nRodpbéition
2A) but they are consistent with the heterogeneous, linear other-regarding agent model
(Proposition 2B.

9.1.1. Support
In other words, an institution—such as weak sanctioning—that according to the classical

model should have no effect on behavior has instead a significant impact on the outcome.
The classical model predicts an efficiency of 39.5 percent for both the no sanction and weak
sanction treatment. The gross efficiency level with weak sanctions is 57.2 percent, which is
roughly double the efficiency without sanctions (28.4 percent). When a correction is made
for the differences in length among experiments, the situation does not change (28.9 percent

versus 56.2 percent for the first 25 periods only).
The net efficiency—computed by subtracting the inspection fees (8.9 percent)—is 48.3

percent, which is about 20 points above the no sanction [€ablé¢s 3 and ¥ The inspection

fee represents the cost of using the inspection mechanism and is a deadweight loss for the
group. Instead, the fines are a plain transfer from an agent to another. Moreover, efficiency
improves with experience: the net efficiency is on average 62 percent for experienced
subjects versus 34.6 percent for inexperienced drigs §).

Table 3
Inspection decisions

Weak sanction Strong sanction

No Yes Total No Yes Total

Number of actions
Balance if action is inspected

Negatives —k <0 372 276 648 4 141 145
Zero,s — k=0 20 37 57 0 0 0
Positive,s — k>0 27 132 159 0 287 287
Total 419 (485 445(515 864(100  4(0.9 428(99.1  432(100

percent) percent) percent) percent) percent) percent)
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Table 4

Spiteful agents inspect more than altruistic agents

OLS regression Weak sanctions Strong sanctions

Coefficient P-value Coefficient P-value

Dependent variable Total number of requests of inspections per period
Sample size (without median users) 486 243

Independent variables
Highest users (dummy variable) 0.34 0.015 -1.23 0.000
Period use of the other agents 0.06 0.000 0.03 0.159
Constant —5.42 0.000 1.58 0.366

The classical model predicts insignificant coefficients for the highest users dummy varialftég Sete identify
the median users whose actions were excluded from the regressions.

The total group use is substantially lower for sanction experiments than for no sanc-
tion ones. As an overall average, group use drops from 131.3 to 115.5 tokens (statistically
different at 0.01 level). The aggregate use is statistically different from both the classical
Nash equilibrium and the socially optimal level (0.01 level). The classical Nash equilibrium
X = 128 was recorded in 2 out of 108 periods. When considering the classical model, the
overall group use average is not statistically different from the one-probability inspection
prediction (¢ = 1137) (0.05 level). The group use across periods ranged from a mini-
mum of 87 to a maximum of 186.8, which is wider than the same range for no sanction
experiments?

The comparison of the results in the no sanction and sanction environments is carried on
under the assumption that agents were drawn from a population with identical preference
patterns. Even if the agents were not the same in the different experiments, we think that
the conclusions drawn under the above assumption are reasonable.

9.2. Result3

With the introduction of weak sanctions:

(i) about half of the actions are inspected,
(ii) the highest users are more aggressive inspectors than the lowest users.

These results are not predicted by the classical mdeleppsition 3A but they are
consistent with the heterogeneous, linear other-regarding agent nRsdpbéition 3B.

9.2.1. Support

In the weak sanction treatment 51.5 percent of the actions were insp@at#d §. The
classical model cannot explain either the magnitude of efficiency improvement nor why
those inspections were requested in the first place. The introduction of different types of

19 Similar results come from the estimation of the Ashenfelter—EI Gamal model explained above. The ordinary
least-squared asymptote ¥f= 114.8 is not significantly different from the one-probability inspection level (0.05
level) while it is different from the zero-probability level.
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agents can account for the data. Under the classical model, if agents have a probability
0.5 of being inspected the Nash equilibriumxis= 1209 with a 53.9 percent efficiency.

That seems to be a good fit of the data. When agents are experienced, however, the effect on
efficiency is stronger than that (62 percent efficiency with 41.4 percent of actions inspected).
The reason for the higher than expected increase in efficiency relative to the share of actions
inspected comes from the fact that the agents that have been identified as the heavy user
types face a much higher probability of being inspected than the others.

Why are so many inspections requested? Because inspectors are aware that agents are
heterogeneous in their effort decisions and because some agents are willing to request
unprofitable inspections. As the first point has been already documented this section will
focus on the second point.

According to the heterogeneous, linear other-regarding agent model, the “heavy user”
types are spiteful agents. Those agents will purposely request some unprofitable inspec-
tions. In particular, the data support the prediction that spiteful agents are more aggressive
inspectors than altruistic agents.

Agents were divided into three groups according to their average use level in the experi-
ment. The inspecting behaviors of high versus low users was compared, keeping out of the
analyses the group of median users among whom there were no significant differences in
individual use at a 0.05 level. Relatively spiteful agents requested on average more inspec-
tions per period than relatively altruistic agents did, when controlling for the resource use
by all the other agents in the group. This conclusion is based on the sign and significance
of the coefficient of the dummy variable for highest userJable 4 (positive for weak
sanctions, negative for strong sanctioffs).

10. Resultsof strong sanction experiments

10.1. Result4

Strong sanctions have the effect of increasing resource use efficiency as predicted by both
the classical and the heterogeneous, linear other-regarding agent models.

Efficiency levels fall short of the Nash equilibrium of both models. Experienced subjects
tend to be closer to the equilibrium.

10.1.1. Support

In the strong sanction experiments, the total group use was on average 85.1. This level
was significantly (0.01 level) higher than the outcome predicted by both the standard model
(71.1) and the heterogeneous, linear other-regarding agent model ([641 T2B.group
use across periods ranged from a minimum of 69 to a maximum of 126. The efficiency
level is very high, 94 percent, but still sub-optimal and lower than the target level. When
the inspection fees (17.1 percent) are subtracted, the net rent is 76.9 p@adass (3

20 Regressions for each single experiment confirm this general conclusion with the exception experiment 5 where
the highest investors dummy is not significant at 0.10 level.

21 This conclusion does not change when the Ashenfelter—EI Gamal model is estimated. The ordinary
least-squared asymptote is 86.1 and none of the predicted values are in its 95 percent confidence interval.
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and 4. Sub-optimality might be due to the inexperience of subjects, since there is a signif-
icant improvement in the group efficiency when subjects are experienced (gross rent 98.2
percent versus 89.7 perceff).

10.2. Result5

In the strong sanction environment:

(i) more than 99 percent of all actions are inspected,;
(ii) the lowest users are more aggressive inspectors than the highest users.

Result (ii) is not predicted by the classical modetgposition 5A but is consistent with
the heterogeneous, linear other-regarding agent mé&deppsition 5B.

10.2.1. Support

(i) About 99.1 percent of the actions were inspected, a value definitely close to the 100
percent predicted. Although almost all the agents were inspected every period, not all
the agents requested to inspect everybody every period, as predicted by the classical
model. On average an agent requested less than four inspections per period instead of
seven Table 3.3

(i) Relatively spiteful agents (lower users) are more aggressive inspectors than relatively
altruistic agents (higher users) as can be seen ffabie 4 In the strong sanction
treatment, the highest user variable is negatively correlated and significantly so with
the number of inspections.

11. The spite/altruist paradox and implications of other-regar dingness

One might argue that the model with heterogeneous, linear other-regarding agents fits
the experimental data from the common-pool resource experiments better than the classical
model because of the flexibility given by additional parameters (one for each agent).

Of course that is a concern, but additional credibility is given to the model—despite this
argument—Dby its ability to provide insights about three additional perplexing aspects of
behavior uncovered by these and other experiments.

The firstphenomenonis the correlation between use decisions and inspections decisions at
the individual level. As was illustrated by point (ii) Bections 9.2 and 10,the highest users
are the mostaggressive inspectors in the weak sanction experiments while the opposite istrue
for the strong sanction experiments. The phenomena cannot be explained by the classical
model. However, this regularity has an elegant explanation within the heterogeneous, linear

22 The inequality in the average use across agents is substantially lower than in the no sanction environment
(Table 9. The average S.D. of the agent period earnings from appropriation is of 5.6 francs, and 1.6 francs fines
are subtracted.

23 The large inspection balance is a surprise. In equilibrium With, p*) = (711, 1), the inspection balance is

1.4 percent of the maximum rent. The result is a balance of 18.8 percent, more than 10 times higher than what was
predicted. The reason of such “success” was not mainly in the exceptional ability in discovering high investors
but in the high average value of total group appropriation.



240 M. Casari, C.R. Plott/J. of Economic Behavior & Org. 51 (2003) 217-247

other-regarding model. On one hand, spiteful agents are always more aggressive inspectors
than altruistic agents. On the other hand, the use levels of spiteful agents are highly sensitive
to the level of sanctions inflicted on themselves because part of the sanction they pay makes
someone else better off. The increased income of another person, the person who made the
inspection, is something that the spiteful do not like. Such sensitivity goes to the point that

in strong sanction experiments spiteful agents use the resource less than altruistic agents.

The second phenomenon is the spite/altruism paradox in the no sanction design. When
agents are heterogeneous and other-regarding this paradox can be explained by looking at the
boundary conditions of the individual “strategy space” and noticing that they are differentin
common-pool environments and public goods environments. Consider the following three
designs: (A) the individual use level strategy space is [0, 50]; (B) the individual strategy space
is [0, 20]; (C) the strategy space is [0, 16]. All three designs have the same Nash equilibrium,
x} = 16, and differ only in the strategy space. From the point of view of the classical model,
designs A and B simply supply agents with options that are irrelevant to their actions and
there is no substantive difference with C. Common-pool environments are typically like A
or B while public goods environments with an equilibrium of zero contributions by selfish
agents are like C. In a common-pool environment the spiteful individuals have great latitude
for harming others, while in the public good environment, where they cannot take away
amounts of the public good provided by others, they have a relatively limited strategy space.
Altruistic agents, on the other hand, are not placed in such asymmetric conditions between
the two environments and thus the actions of altruists have a disproportionate influence on
the outcome and efficiency levels in public goods experiments.

Inthe common-pool experiments, changes in behavior as aresult of changesin the strategy
space were first reported by WGO. An increase in efficiency is expected going from design
Ato B, although smaller than going from A to C, because the best response of some agents
could be in [20, 50], either due to the high spite of some or the high altruism of others. This
“surprising” efficiency improvement was observed and reported by WGO. Moreover, while
individual data are not available from the WGO study, such data that are available suggest
that some individual choices of use in design B were at the maximum po$$ible the
public goods experiment side of the issue, data frequently reflect unexpectedly high levels
of contribution (altruism) but typically the experimental design does not allow elements of
spite to be expressed because the Nash equilibrium is at zero levels which leaves no room for
spiteful behavior. When high levels of spite have relatively great possibility for expression
in relation to altruistic attitudes in a public goods environment, then the aggregate outcome
shows lower levels of cooperation.

The possible influence of spite in the context of the heterogeneous, linear other-regarding
model can be seen in the data reporteddaac and Walker (1998R switch in behavior
from efficiency above the Nash equilibrium to efficiency below the Nash equilibrium takes
place as the strategy space is kept the same and the equilibrium is moved away from the
boundary of zero contributions to the public good toward the Pareto optimal fvats.
this takes place the range of spiteful actions that can be expressed is expanded relative to

24 |n the experiments corresponding to our design B (“restricted strategy space”), the observed modal strategic
response of individuals was to use the resource to the maximum of their abiditsofn et al., 1994p. 121).
25 This change is similar to going from case C to B or from C to A.
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the range of possible altruistic actions and as a result the system efficiency falls as spiteful
actions emerge.

A third pattern of phenomena relates to a slightly different sanction institution studied
by Ostrom et al. (1992)Consider a system where an agent pays a cost in order to inflict a
sanction on some other person but receives no monetary reward for doing so, similar to the
system of vigilantes discussed3ection 12The model of a finitely repeated classical game
predicts that no such sanctions should be requested. Yet, in the experiments conducted by
WGO such sanctions were frequently observed. Furthermore, when the amount of sanction
per unit of cost was increased, the number of sanctions increased even though the result
was a net decrease in system efficiency. Such behavior can be understood in terms of the
heterogeneous, linear other-regarding model. Spiteful agents enjoy harming others and the
more so, the more intense is the punishment for a given cost. Phenomena do exist in exper-
iments that are difficult to explain without resort to either attitudes of fairness or repeated
interactions. In the WGO experiments, the fines were not connected to guilt or innocence.
Even an altruistic person would be forced to pay a fine if someone decided to inspect. In
such a world, the spiteful people would not care who they inspect and altruists would have
no incentive to inspect. Yet, people inspect others and, more importantly, they tend to target
those who are heavy users of the common property resource. Without a modification the
spiteful model cannot explain such phenomenon. On the other hand, preferences reflecting
fairness or envy would lead to inspecting the richest people since that would lead to a more
even distribution of the income.

Explanations other than the heterogeneous, other-regarding model have been considered
to account for the patterns of data reported in this paper. Specifically, the open access model
can explain some of the results better than the classical model but does not perform as
well as the other-regarding model. In the experiments without sanctions, the group use is in
between the classical model predictioifff = 128) and the open access model prediction
(XOA = 144) levels but statistically different from both. The introduction of weak sanctions
raises the efficiency of 27.3 points, somewhat less than predicted by the open access model
(39.5) and remarkably more than the no change predicted by the classical model. The actual
level of cooperation achieved with weak sanctions is considerably higher than predicted by
both models (57.2 percent versus 39.5 percent). The open access model is closer than the
classical model in explaining the results with strong sanctief¥(= 80, XNE = 71.1,
actualX = 85.1). Neither model accounts for the observed individual heterogeneity both
in use and inspection. Finally, the notes of the subjects after the experimental sessions show
a widespread concern about the strategic interaction of one agent with the rest of the group.

12. Insights about successful institutions

Reflection on the nature of the ‘Carte di Regola’ institution reveals five features that may
have been important to its success. These are features suggested by theory but are not fully
captured by the model that we employ. Nevertheless, because of their novelty they seem to
be worthy of mention.

First, the success of the ‘Carte di Regola’ system appears to be related to its ability
to use the heterogeneity of preferences to socially advantageous ends. Notice first the
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“institutional invisible hand”, the incentive features that channel attitudes that might nor-
mally be considered as socially dysfunctional, such as spiteful preferences, into socially
useful purposes. People with spiteful preferences choose to monitor and sanction at a mon-
etary loss. But when their preferences are considered as part of system efficiency, they are
the ones who can perform the function most efficiently and are channeled into the activity
for which they have a comparative advantage.

One might think that the ‘Carte di Regola’ is similar to a system of vigilantes but there are
important differences. In the model, spiteful people do not care whom they hurt; they just
enjoy hurting others, so it is important to direct and constrain them. The ‘Carte di Regola’
directs them by reserving the judgment of guilt for the courts, as opposed to the vigilantes,
who would be happy to judge anyone guilty. The court convicts a person only when the guilt
is consistent with social purposes. The magnitude of punishment is also reserved for the
courts in the ‘Carte di Regola’ system, while in a vigilante system the inspector is allowed
to judge and determine punishment. So, the ‘Carte di Regola’ constrains what the spiteful
can do to the guilty. Thus, there are important differen€strom et al., 1992

Second, the ‘Carte di Regola’ also channels arbitrary or random behavior toward useful
ends. Such behavior might ordinarily be regarded as dysfunctional from the point of view of
economic efficiency. Mistaken inspections or impulsively random inspections are costly to
the inspector and thus involve efficiency losses, but the fact that inspections take place has
consequences for those who are excessive users of the common-pool resource by increasing
the likelihood that a sanction is imposed. Thus, random inspection behavior that would
appear irrational helps preserve the commons.

Third, one might think that the ‘Carta di Regola’ would evolve in response to incentives to
bribe inspectors and thus become ineffective as a management system. Instead, the ‘Carte
di Regola’ has a sort of “bribery proof” or “institutional change immunity” feature that
could prevent infection from a system of bribery that could undermine its effectiveness.
The immunity resides with the court’s transfer of a portion of the fine to the inspector and,
especially, on the existence of multiple potential inspectors. While an agent who detects a
violator could be better off accepting a bribe from the violator than reporting the event to
the court, the violator faces the possibility that other agents detect him after he has already
bribed one agent. Indeed, there may be nothing to prevent an inspector from extracting
more than one bribe from the same violator by acting in collusion with other inspectors.
When the level of the bribe relative to the sanction and the number of potential inspectors
are sufficiently high, the best choice of a discovered violator is to pay the fine instead of
bribing. From this analysis one would predict that anonymity (the identity of the inspector
not being revealed) played no special role in the experiment.

Fourth, the ‘Carte di Regola’ system has a type of “repetition independent” efficiency.

It does not depend on repeated play for the creation of efficient management of the com-
mons. One can easily imagine an enforcement system in which those who bear the cost
of enforcement do so because of the benefits derived from repeated play. In such systems,
the willingness to bear the cost of inspection is balanced against the benefits of modified
behavior in repeated interactions. Notice that is not the case in the ‘Carte di Regola’ system
in which repeated interactions have no central role.

Finally, the ‘Carte di Regola’ also exhibits a type of “fairness independence”. The ef-
fectiveness of the enforcement system does not depend upon any agent being motivated
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by a sense of fairness. Such special preferences need not be in the population for it to
work. In fact, the ‘Carte di Regola’ does not depend on other-regardingness at all for proper
functioning but it does channel people with such attitudes to useful purposes should they
exist.

13. Conclusions

The primary purpose of the research reported here was to study the effectiveness of
a special decentralized system of sanctioning rules applied to the problem of managing
common property resources. The rules were fashioned after an ancient method of managing
renewable resources in the Italian Alps called ‘Carte di Regola’, where people could inspect
one another, inflict punishments and be rewarded for doing so according to well defined
legal proceedings.

The paper reports three different types of results. Results of the first type are related to the
performance as a system for managing the commons. Results of the second type are related
to the relative accuracy of alternative models of system behavior that help us understand
why the system performs as it does, including both macro and micro observations. Results
of the third type reflect insights about the nature of the success of these particular institutions
that are not clearly anticipated by theory.

The overriding result is that the ‘Carte di Regola’ greatly improves the efficiency of
resource use over a system that carries no sanctions. Importantly, the improvement is not
only in terms of gross efficiency but also net efficiency, where the costs of administering
the system (the inspection fees) are deducted. Under a weak sanction treatment there was a
spectacular improvement in gross efficiency from 28.4 to 57.2 percent. Once the inspecting
costs are considered, (net) efficiency remains very high (48.3 percent). Group behavior in
the strong sanction environment shows large improvements from 28.4 to 94 percent gross
or 76.9 percent net but is not at the optimal level.

The behavior of the system is largely understandable in terms of theory that explains
previously observed inaccuracies and paradoxes. Two major changes in the classical game
theoretic model account for the improvements. First, agents were assumed to have a capacity
to be other-regarding and second, the nature of the other-regarding capacity could differ
from person to person. The other-regarding feature is captured by a parameter of the utility
function that defines the weight placed on the monetary income of others in comparison with
one’s own monetary income. Anindividual is called altruistic if there is a gain in utility when
the income of others increases while his own income remains constant. A spiteful agent
loses utility when the income of others increases while his own income remains constant.
About one-third of the agents are other-regarding to various degrees, either altruistic or
spiteful, as measured by the model.

The heterogeneous, linear other-regarding model predicts observed behavior that the
classical model does not predict. For example, while both the classical and heterogeneous,
linear other-regarding agent models predict the observedincreases in efficiency due to strong
sanctions $ections 9.1 and 10.1the increases in system efficiency resulting from weak
sanctions are not predicted by the classical model but are predicted by the heterogeneous
other-regarding model. The patterns of resource use and agents’ decisions to inspect the
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use levels of others also hold evidence of differential model accuracy. The prediction of the
heterogeneous, linear other-regarding agent model is that spiteful agents are more aggressive
inspectors than altruistic agents under all conditions (weak and strong sanctions). In fact,
the spiteful agents are even willing to request unprofitable inspections. On the other hand,
the level of use of the resource by the spiteful agents relative to altruistic agents reverses
from relative heavy user to lowest level user as the treatment is changed from weak to strong
sanctions. This seemingly perverse relationship, the flip in the relative behavior, is reflected
in the data from the experimentSdctions 9.2 and 10.2

A spite/altruist paradox emerges from the experimental literature because reported indi-
vidual behavior appears to be altruistic in public goods experiments while being spiteful
in the theoretically similar common-pool experiments. Given the results reported here, the
paradox is potentially explained by the existence of both spiteful and altruistic agents in
conjunction with a change in the strategy spaces available to agents in the public goods
environment as compared with the common-pool environment. In the latter the spiteful
have greater latitude for action and the consequences of that latitude are manifest in system
behavior.

The ‘Carte di Regola’ seems to have been a successful system for managing common-pool
resources. The research provides insights into the features that might account for its success.
First, the system holds a potential for increasing efficiency. Second, the system seems to
have a type of resistance to infection of bribes. One might think that this legal arrangement
could easily evolve to a system of widespread bribery. On the contrary, within the ‘Carte
di Regola’ rules the person caught in violation could readily prefer to pay the sanction
as imposed by the court to the payment of a smaller bribe. Third, the ‘Carte di Regola’
system channels possibly harmful human tendencies such as mistakes and spitefulness to
useful social ends. Costly, random or mistaken decisions by some agents to inspect others
serve as a deterrent to those who would otherwise exploit the commons and thus does
not result in a total loss or waste of resources as do some types of economic mistakes.
Spiteful attitudes that might ordinarily be considered as dysfunctional are channeled in a
different way. Spiteful agents are those who find enjoyment in decreasing the earnings of
others and who willingly inspect others at a loss just for the thrill of inflicting damage.
However, as it turns out such people provide a public good by bearing the monitoring cost
of the system. The genius of the ‘Carte di Regola’ is that it allows agents to specialize into
activities that they like while controlling potentially dysfunctional behavior. The control
and efficient direction of dysfunctional aspects is something that seems to be lacking in
other decentralized management systems such as a system of vigilantes.
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Appendix A
A.1. Comparison with WGO experimental design

There are differences between our no sanction design and WGO, both in the incentive
structure (1-4) and in the way the information is conveyed (A-D):

1. The range of the choice variablehas been rescaled from [0, 25] to [0, 50] to increase
the perceived distance between Nash equilibrium and open access level. Moreover, the
socially optimal use level corresponds to an integer individual use (9 tokens versus 4.5
tokens in WGO). In the experimental design of WGO, a change in the endowanent
is tied to the upper limit in the individual use of the common-pool resource because
o — x; > 0. In our experimental design the endowment levé$ chosen for the sole
purpose of ensuring some minimum earnings to the agents and the range of choice is
0 < x; < x. Our design has a continuous decision space (i.e. any real number) that
avoids the problems of asymmetric equilibria that WGO #ad.

2. The conversion rate franc/dollar has been increased four times from US$ 0.01 to 0.04
(or US$ 0.03) per 1 franc in order to maintain a higher effort level by the participants
in the experiment. As a result, the difference in terms of individual earnings between
the social optimum and open access points has increased from US$ 0.405 to 1.62 (these
figures and all the earnings are expressed in dollars per person per period).

3. The minimum safe earning level has been decreased. If nothing is used in the “risky”
market 2, the original earnings are US$ 1.25. In our setting, a zerocuse @) yields
a period return of US$ 0.4 (when = 4). The change implies a downward shift in the
payoff but does not affect the incentive structure. The reason of the change is to limit the
maximum earnings that would have otherwise been too high given the new conversion
rate (point 2).

4. The gross group return has been modified in the interval [184, 400]. The fufcfion
now has a lower bound at200 francs that is much higher than it originally was. A
group use ofX = 184 has an efficiency 6f 142 percent in both settings. At = 400,
the difference in dollar earnings is small (US$.6 instead of US$-6.75). The reason
for the change is to limit the maximum loss given the new conversion rate in case people
“go crazy” (see point 2). In the experiments conducted, we observed a use level above
184 just in one round out of 291.

(A) Graphinstead of formula: WGO provided the subjects with the analytical expression of
the gross group return from market 2. The expression may have been used to compute
the equilibrium. We replaced it with a plot of the functif(X) because we think that

26 Thank you to T. Saijo for sending us a memo, “Stability in common-pool resource experiments: validity of
Nash response”, March 1994 on this point.
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the graph would improve the understanding of the basic underlying phenomenon. The
graph in the instructions is similar to the upper part-af. 1, once the cost line is
removed.

(B) Detailed table: In order to compute the equilibrium, subjects could use a very detailed
table of gross group return. The table gives the gross group return and the return per
token used for 100 values of the total group use, compared to the 10 values given by
WGO. All theoretical equilibrium points are listed in the table given to the subjects.
Our table does not supply the marginal returns, which instead WGO provided.

(C) Different software: The software was run on Netscape and was written specifically
for this application. It includes a calculator to compute the cost of tokens, the gross
group return and the individual share of gross for every possible real level of use in the
admissible range.

(D) In WGO, market 1 represents the opportunity cost of the use and yields a constant
return. The way in which it was presented to the subjects in this study is as a direct
cost of the use. You can order the tokens to use and pay a constant unit price for them.
This change may make the decision of the agents easier by suggesting a comparison
of the price of tokens with the return from the market.
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