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Abstract
The importance of institutional controls over individual resource extraction from
common pool resources has been recognised by many authors. This project focuses
on the provision of incentives as a means of enabling such institutional control and
resolving the commons dilemma. A simple common pool resource dilemma game was
played in four villages in the Northern Plains landscape of Cambodia. A number of
experimental treatments were used to investigate the effects of social approval,
external enforcement of extraction rules and different incentive structures with
payments awarded to individuals and collective groups. Evidence was found to
support predictions of the importance of self-regulation in limiting extraction in a
common pool resource context. The results of the study were used to make
recommendations for the implementation of conservation incentive programs.
Keywords: institutions, common pool resources, experimental games, incentives.

Word count: 12, 477 words
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1 Introduction
1.1 Human behavioural response to institutions
The value of environmental services, such as nutrient cycling, water provision and
carbon storage, is rarely captured by traditional market processes (Costanza et al.,
1997). As such, loss of natural and semi-natural ecosystems, through processes such
as deforestation, results in an externality that is rarely accounted for. In many cases
inclusion of the external cost associated with the loss of such environmental services
would make the processes driving ecosystem degradation uneconomic (Balmford et
al., 2002). Consequently, it has been recognised that incentives are required to
protect service providing ecosystems. Several approaches have emerged through
which these incentives can be delivered, including the facilitation of ecotourism
(Brandon, 1996), community-based wildlife management (Frost & Bond, 2008) and
the payment for ecosystem services (Pagiola et al., 2004; Wunder, 2007), such as
those proposed for the forthcoming implementation of reduced emissions from
deforestation and forest degradation (REDD) programs (Miles & Kapos, 2008). The
challenge facing conservation is to devise the appropriate mechanisms to implement
these policies at the local scale.
There has been a considerable amount of research investigating the conditions
required for local institutions to successfully govern the extraction of natural
resources, particularly common pool resources (e.g. Wade, 1988; Ostrom, 1990;
Baland & Platteau, 1996). Largely based on field studies, this research has identified
certain institutional characteristics which are considered to facilitate the long-term
sustainability of CPRs. There are, however, obstacles to drawing conclusions from
observations made from field studies due the difficulty in making comparisons
between single case-studies and the lack of control over complex relationships
(Agrawal, 2001). Stylised experimental games are one method which have been used
to overcome some of these difficulties. According to Ostrom (2006): “one gains
external validity in doing field research and internal validity in the laboratory”.
Investigation of the response to specific institutional conditions can therefore be
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achieved through experimentation and placed in the theoretical context drawn from
observational studies.
More importantly, the conclusions of such studies are based on institutions that have
existed for a sustained period. Very little research has been targeted towards
understanding how to facilitate the establishment of such institutions, defined by
North (1990) as the “rules of the game” which govern human interactions. External
incentives, if correctly structured, may be able to fulfil this role. This requires key
questions to be answered, such as whether to structure incentives so that they target
beneficiaries individually or collectively and how best to structure them to interact
with existing social norms. These considerations are especially important in the
context of weak institutions (Barrett et al., 2001) and unclear property rights
(Hardin, 1968) as it is in this context that resource extraction is most likely to be
unsustainable.

1.2 Aims and Objectives
The aim of the project was to investigate the behavioural response of individuals to a
range of different institutional conditions appropriate to conservation of CPRs,
including social sanctioning, external enforcement and the provision of both
individual and communal incentives, and to use the results from this investigation to
assess the potential for different conservation interventions and incentive structures.
The objectives of the project were to use the behaviour of individuals living within
two protected areas in Northern Cambodia as a case study to:


Investigate the effect of institutional structure on resource extraction in a CPR
context.



Examine how the structure of incentives alters their effectiveness and to
compare this with the expected outcomes based on existing theory.



Explore the role of group decision-making in determining the behaviour of
individuals.



Investigate the effect of demographic factors on individual and group behaviour.



Make recommendations for the implementation of conservation incentive
programs.
8

1.3 Thesis Structure
Section 2 summarises the theory behind different approaches which are used to
provide incentives for local people to act in a manner that is beneficial for
conservation. It goes on to explore the way in which experimental games have been
used to examine behavioural responses to institutional conditions, focusing on the
importance of social norms. Finally, a brief description of the study region is given
including the conservation programs currently operating in the area.
Section 3 describes the experimental common pool resource game used to collect
data on behavioural responses to different institutional structures. Detail is given on
the statistical analyses used to investigate the effect of predictor variables.
Section 4 presents the results of the fieldwork and subsequent statistical analyses.
Section 5 discusses the results of the study, identifying which institutional structures
are best suited to encourage cooperative behaviour in CPR or conservation dilemmas.
Recommendations based on the study findings are made for future specification of
incentive programs.
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2 Background
2.1 Common Pool Resources
Many of the issues surrounding the protection of natural resources can be
characterised by the common pool resource problem popularised by Hardin (1968)
as ‘the tragedy of the commons’. In his seminal article he described the process by
which users of a common pool resource are forced to overexploit the very resource
on which they rely. Examples of such a process include the overexploitation of
fisheries (Pauly et al., 2002), the exhaustion of ground water aquifers (Gardner et al.,
1997) and the destruction of forest resources (Ostrom, 1999), as well as the example
used by Hardin to illustrate his point, the degradation of shared pasture.
2.1.1 The Commons Dilemma
The issues surrounding CPRs are twofold: rivalry between users, often described as
subtractability since extraction by one user reduces the resource available to others,
and costly or impossible exclusion of other users from the resource (Ostrom et al.,
1999). Due to the difficulties of exclusion from CPRs, users have little or no control
over the appropriation behaviour of others. The subtractability of the resource means
that the actions of an individual produce an externality for others (Kollock, 1998).
Consequently, users of this type of resource typically face a dilemma between
maximising their own benefit and acting in a manner consistent with the long-term
management of the resource.
Since Hardin’s article a considerable amount of research effort has been focused on
the commons dilemma, as it has come to be known. This research has taken the form
of experimental measurement of human response to CPR conditions through social
dilemma games (Herr et al., 1997; Cardenas et al., 2000), theoretical modelling of
behavioural response (McCarthy et al., 2001; Rodriguez-Sikert et al., 2008) and field
observations of CPRs for which users have successfully arrived at institutions capable
of coping with the issues of rivalry and non-excludability (Wade, 1988; Ostrom, 1990,
Baland & Platteau, 1996). A significant number of case studies have shown that the
commons dilemma can be successfully addressed (Feeny et al., 1990). Many authors
stress the importance of property rights regimes (Box 2.1), both at the de jure and de
10

facto levels, (Feeny et al., 1990; Ostrom, 1990; Cardenas, 2008) and institutional
controls on behaviour (Ostrom, 2003, Vatn, 2007).
Box 2.1: Property rights regimes (Feeny et al., 1990)
Open-access: exists in the absence of a defined property regime so that there
are no limits to resource access for all individuals.
Private property: ownership of the resource rests with an individual (or
company) who has the right to exclude others from accessing the resource.
Common property: access to and use of the resource is held equally by a group
of independent individuals and may be recognised formally (de jure) or
informally (de facto).
State property: rights of use and access are owned by the state which can then
be allocated for different purposes. Can appear to be similar to common
property when a community has de facto access to state property as a result of
poor enforcement or monitoring (Cardenas, 2008).
In Leviathan Hobbes (1651) proposes that in order to avoid the ‘state of nature’, in
which all individuals are at war with one another, there must be a sovereign
institution to which all subjects are answerable. In other words it is necessary to have
an institution which governs everyone in order to achieve a state of cooperation. A
number of institutional conditions have been proposed to facilitate the long-term
sustainability of common pool resources drawing on case studies of successful
management. These include user-determination of rules and resource access, lowcost monitoring, graduated sanctioning and ease of enforcement (Wade, 1988;
Ostrom, 1990, Baland & Platteau, 1996).
Berkes (1968) presents evidence from a communally managed fishery in Alanya,
Turkey. Lots are drawn to allocate rights to the best fishing sites with excess
fishermen allocated blanks. Each day rights are transferred to the site east of the one
held the previous day and fishermen with no sites allocated are rotated in. In this way
interference of gear and over-exploitation of key fishing sites is avoided. Enforcement
rights for management of the fishery are granted through the Aquatic Resources Act
giving jurisdiction to cooperatives for ‘local arrangements’. Enforcement largely takes
11

the form of social sanctioning with occasional threats of violence and is administered
by the fishing community at large. In this way the fishing community successfully
devise and enforce their own rules for extraction from the fishery.
Whilst examples in which the commons dilemma has been solved exist,
understanding of the conditions necessary to reach this state is far from complete.
Experimental games are frequently used to further this understanding since they
allow experimenters to vary the institutional conditions in which the dilemma is set
and to measure the response of resource users (Sturm & Weimann, 2006). Results
from these experiments are explored in greater detail in Section 2.2.1.
2.1.2 Common Pool Resources vs Public Goods
CPRs and PGs are both characterised as N-person social dilemmas in which the
actions of an individual affect the well-being of the group. The critical difference
between the two is that of subtractability (Kollock, 1998). In PG contexts, individuals
must make a choice of whether or not to contribute to the provision of a public good
such as paying the licence fee for access to public television. Like CPRs, PGs are nonexcludable. Unlike CPRs, however, PGs are non-rival, so that use by one individual
does not diminish the amount available to other users. Whereas CPRs largely focus on
goods which are already present, PGs are chiefly concerned with providing a good
which would not exist otherwise (Goetze, 1994). Van Dijk and Wilke (1995) present
evidence that subjects behave more equitably to the same payoff function when
framed as a CPR rather than PG dilemma.
In the particular case of endangered species and landscapes, the problem is
complicated by the perception that the resource in question is a global public good,
therefore requiring a solution to be found for both the commons dilemma and the
externality generated through use of the resource (Cardenas, 2004).
2.1.3 Common Pool Resource Conservation
CPR conservation has been addressed in a number of different ways consistent with
the paradigm shifts in biodiversity conservation policy including regulation, payment
for environmental services and integrated conservation and development projects.
The purpose of regulation is to apply a system of rules to restrict extraction from a
CPR and to sanction those who do not comply. Evidence from wildlife laws suggest
12

that increasing penalties for non-compliance decreases extraction but is not as
effective as increasing the probability of detection (Leader-Williams & MilnerGulland, 1993). The focus of payments for environmental services is to provide
benefits which do not rely upon extraction from a CPR (Wunder, 2007). The aim is to
create a greater incentive to apply and abide by a system of rules for harvesting
behaviour and benefit sharing, as described by Ostrom (1990). ICDPs are focused
more on providing alternatives to extraction, thereby reducing harvesting pressure,
(Shepherd, 2004) and encouraging the development of local institutions (Wells et al.,
2004).

2.2 Experimental Games
Experimental games have been used by social and economic researchers to
investigate human behaviour in a wide range of contexts (Ledyard, 1995; Henrich et
al., 2005). The strict control possible within these games offers researchers the
opportunity to model different institutional environments of interest (Ledyard, 1995)
and to measure the response of subjects to changes. The level of repeated, controlled
measurement achieved is often not possible within observational field studies
(Ostrom, 2006). Placing subjects in the context of a social dilemma enables
researchers to test collective behavioural theories such as those of altruism (Fehr &
Rockenbach, 2003), reciprocity (Falk & Fischbacher, 2006) and trust (Yamagishi,
1988; Berg et al., 1995).
There is a considerable body of literature describing the effects of altering the
conditions in which experimental games are conducted (see Davis & Holt, 1993;
Ledyard, 1995, for a review). The sensitivity of such experiments to individual
preferences means that robust inferences can only be drawn provided that there is
sufficient experimental control (Ledyard, 1995). Consequently experimenters must
be aware of the effects of framing (Andreoni, 1995; Ross & Ward, 1996; Rege & Telle,
2004), group size (Isaac et al., 1994), the number of iterations (Isaac et al., 1994) and
stake size (Cameron, 1999), as well as many other control variables.
The majority of these experiments have been conducted within universities in
developed countries, leading to concerns that narrow sampling may have
13

exaggerated the significance of some findings. Henrich et al. (2005) undertook a
series of experimental games in 15 ‘small-scale societies’, finding evidence of greater
behavioural variation than commonly reported from experiments involving
university students. One of the main conclusions of the study was that a large part of
the variation seen across the sampled societies could be explained by differences in
economic and social organisation. This suggests that whilst the conclusions of
laboratory-based studies are still broadly applicable to societies in other cultural
environments, inference of behavioural patterns requires an understanding of the
immediate context.
2.2.1 Reciprocity and Social Norms
One of the most robust findings of experimental CPR games has been the observation
that average initial cooperation often lies between 40% and 60% (Ostrom, 2000).
This is at clear odds with the axiom in economic theory and modelling that rational
agents act in a purely self-interested manner (Gintis, 2000). Under this axiom,
subjects of experimental games seek to maximize their own utility and are therefore
expected to act independently of the effect that their actions may have on the utility
of others. The observation that a significant proportion of subjects act contrary to this
prediction, coupled with the repeated finding in iterated dilemma games that
cooperation declines over time, has led researches to classify different types of
cooperators.
Most commonly observed are ‘conditional cooperators’, individuals who are willing
to cooperate provided that they expect others to reciprocate (Ostrom, 2000). The
second type of cooperator, ‘free-riders’, conforms to the egoist economic theory of
self-interested behaviour. In a study of a one-shot public goods game Fischbacher et
al. (2001) asked subjects to construct a schedule of how much they would be willing
to contribute to a public good given specific contributions from other members of the
group. In this way they were able to categorise 50% of subjects as conditional
cooperators with only 30% following a strategy consistent with self-interested freeriders. A third type of cooperation is less common than conditional cooperation or
free-riding. This is altruism, a state in which people continue to cooperate
independently of the actions of others or when it would be economically beneficial to
the individual not to cooperate (Fehr & Rochenbach, 2003).
14

In the context of PG and CPR games there has been significant investigation of nonbinding communication between subjects for experiments utilising both one-shot
designs, in which the game is played only once with the same group of subjects, and
stationary replication designs, in which a number of iterations are played with
identical game structure. It is commonly referred to as ‘cheap talk’ since egoist
rational choice theory predicts that it should have no influence on cooperative
behaviour. It has been shown repeatedly, however, that face-to-face communication
between subjects has a positive effect on cooperation (Dawes et al., 1977; Ostrom et
al., 1992; Cardenas et al., 2000). Communication allows subjects to discuss and agree
strategies and to verbally sanction those who do not comply with whatever
agreement was made (Ostrom et al., 1994). Hence, communication provides subjects
with the opportunity to create a social norm within the group. Such norms govern
many different aspects of everyday behaviour, most often arising in settings in which
there is an externality affecting the welfare of others (Coleman, 1990). Consequently,
prescribed responses are largely specific to particular situations or to the actions of
others. Communicating within a group reduces the social distance between subjects,
encouraging the creation of a group identity (Bohnet & Frey, 1999) and the activation
of existing societal norms (Biel & Thørgersen, 2007).
Within the context of social dilemma games, behaviour is likely to be governed in
some way by pre-learnt norms (Hoffman et al., 1998), such as the requirement to act
fairly, to reciprocate when other group members cooperate, or to abide by any
commitments made. The importance of the norm of reciprocity in explaining the
observed decline in cooperation in experimental studies has been emphasised by
several authors (Berg et al., 1995; Ostrom, 1998, Falk et al., 2000). The theory of
reciprocity predicts that people will respond positively to the kind acts of others and
negatively to hostile acts (Falk & Fischbacher, 2006). In iterated games conditional
cooperators are willing to cooperate initially provided they trust that others will do
so. Communication between group members can be used to elicit this trust, with
trusting subjects more likely to cooperate than less trusting subjects (Yamagishi,
1986). Feedback of the group’s performance following the initial iteration of the
game gives subjects the opportunity to evaluate whether or not cooperation has been
reached to a sufficient level to satisfy each individual’s criteria. In the presence of
15

free-riders conditional cooperators will reciprocate by reducing their own levels of
cooperation (Fehr & Fischbacher, 2003). Over repeated iterations this process results
in an observable decline in cooperation rates.
Individuals may learn to use reciprocation norms to their advantage. By promising to
cooperate subjects can encourage high levels of cooperation and then exploit the
trust of others by defecting on their commitment. Subjects are likely to adopt
different strategies towards reciprocity dependent on the institutional conditions
(Ostrom, 1998). Certain individuals may chose to reciprocate only when faced with
strong sanctioning, rewards or monitoring. In general there must be some degree of
enforcement in order for norms to be adopted (Coleman, 1988). This can be positive
in the form of encouragement to follow a prescribed action or negative in the form of
sanctioning of a proscribed action. The theory of rational egoists predicts that
punishment would never arise since subjects have no interest in the actions of others.
A number of studies of PG games in which participants have been given the
opportunity to punish other group members have produced evidence contrary to this
prediction (Fehr & Gächter, 2000a; Sefton, 2000; Masclet et al., 2003,). This has led to
the development of the theory of strong reciprocity in which individuals are willing
to incur costs to themselves to sanction those who deviate from social norms or
expected behaviour even if there is no possibility that this will result in recovery of
the costs involved (Gintis et al., 2003). Given the opportunity to sanction, the
presence of strong reciprocators can result in higher levels of cooperation.
If an individual internalises a norm by incorporating it into their own belief system
then there may be no need for external enforcement. In this way an individual may
regulate their own behaviour through feelings of guilt or increased self-belief
(Lindbeck, 1997). Similarly the shame of disapproval for transgression from a norm
may be sufficient enforcement. In this instance there is peer-pressure to comply with
the norm. A study of the effect of social approval on PG game cooperation found that
revealing subjects’ contributions to the rest of the group resulted in an average
increased contribution of 34% despite there being no opportunity for the subjects to
sanction one another (Rege & Telle, 2004).
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Enforcement can also be applied by external agents to the group through penalties
for infringement of external rules or through incentives rewarding certain behaviour.
There is a risk that external enforcement can lead to a crowding out of pro-social
behaviour. In a study of CPR appropriation, Cardenas et al. (2000) showed that the
introduction of a weakly enforced penalty designed to limit resource collection had
the perverse effect of increasing average extraction above baseline rates. Initial
cooperation was found to be higher than the baseline as subjects complied with the
externally imposed extraction limit. Over time this initial compliance was lost as the
application of enforcement penalties crowded out other-regarding behaviour.
The effect of crowding out intrinsic motivations is not limited only to regulation. It
has been suggested that incentives designed to encourage cooperation can prove
counter-productive as a result of promoting self-interested behaviour, influencing the
long-term development of preferences, affecting an individual’s sense of selfdetermination, or through the transfer of information (Deci et al., 1999; Bowles,
2008). In Switzerland, a survey of support for the site of a proposed new nuclear
facility found that the offer of incentives as compensation crowded-out feelings of
civic duty, resulting in lower levels of support (Frey & Oberhozer-Gee, 1997). There is
evidence to suggest that internally awarded incentives may be more effective at
encouraging cooperation although there remain questions with respect to longevity.
In a study in which subjects could reward others after decisions had been made,
Sefton et al. (2000) found that, although initial cooperation was higher than the
baseline, in which there was no opportunity to reward, this cooperation dropped off
to the same level as the baseline over time.

2.3 Study Area
2.3.1 The Northern Plains
The Northern Plains landscape of Cambodia represents some of the largest remaining
intact areas of the Lower Mekong Dry Forest Ecoregion (Olson et al., 2001),
dominated by deciduous dipterocarp forests. The region was identified as a
conservation priority in the National Biodiversity Strategy and Action Plan (MoE,
2002) and is of global importance for the conservation of rare avifauna, containing
key breeding sites for threatened species such as the critically endangered white17

shouldered ibis (Pseudibis davisoni) and giant ibis (Pseudibis gigantea). The
landscape’s forests are also known to contain many globally threatened mammal
species such as Asian Elephant (Elephas maximus), gaur (Bos gaurus), dhole (Cuon
alpinus), sun bear (Helarctos malayanus) and Eld’s deer (Cervus eldii). The Northern
Plains was isolated during the 1970s-90s due to ongoing civil war and conflict.
Conservation activities were initiated by WCS in collaboration with the Ministry of
Environment and Ministry of Agriculture, Forestry and Fisheries in 2000, with the
aim of restoring wildlife populations in the region to historical levels (WCS, 2004).
Activities focus on two protected areas (Figure 2.1): Kulen Promtep Wildlife
Sanctuary, managed by MoE, and Preah Vihear Protected Forest, managed by MAFF.

PVPF
KPWS

Figure 2.1: Map of Cambodia with KPWS and PVPF indicated.
KPWS is the largest protected area in Indochina, covering an area of 4,025km2 of
which around 92% is forested. It was established in 1993 and encompasses 35 legal
villages as well as several illegal settlements. Within KPWS, MoE with the support of
WCS is working to facilitate the application of the 2008 Protected Area Law, under
which land is zoned for agriculture and villages, natural resource management and
conservation. The basic tool used to negotiate zones with local communities is
participatory land-use planning (PLUP). Enforcement capacity within the reserve is
relatively weak, due mainly to the limited number of staff and limited political
support (Clements et al., 2008).
18

Household income is a serious issue in the region with 85% of the population
estimated as living in poverty (McKenney et al., 2004). The principle livelihood
activities of the communities which live within the reserve are sedentary rain-fed
paddy-field rice cultivation, shifting agriculture (chamkar) and harvesting of NTFPs,
notably wildlife and liquid resin from dipterocarp trees. Recent work in the area has
shown that resident communities are highly dependent on forest resources (Evans,
2003; McKenney et al., 2004) with one study indicating that the use and sale of these
resources makes up 49% of the income of poorer households (McKenney et al., 2004)
and provides a critical safety net. Resin-tapping is particularly important because it
represents one of the few stable sources of cash income, providing households with
the resources to purchase goods, pay schooling costs and medical expenses, and
purchase rice if household production is insufficient.
The main threats to the forest come from land clearance for cultivation (Figure 2.2),
both by legal communities and immigrants to the reserve, and from the unsustainable
extraction of forest resources. Land is a valuable asset and it is believed that
households may be motivated to clear more land than they are able to cultivate as a
means of staking claim to this resource (Dara, 2008). Families will often reserve land
by marking it, even if areas are not immediately cleared, and these ‘land claims’ are
recognised by other members of the village. This forces newly formed households
and arriving in-migrants to clear land further into the forest (Dara, 2008). The
conservation strategy implemented by MoE, with the support of WCS, recognises the
importance of designating sufficient land for community agriculture whilst
demarcating and enforcing negotiated forest boundaries. Following the negotiation
and demarcation of these boundaries a mixture of enforcement (by MoE) and
incentive programs are being used to ensure that communities abide by the land-use
plans.
1.

Ecotourism

Since 2004 WCS has initiated an ecotourism scheme, facilitating the visits of
international birdwatchers to villages within KPWS and PVPF in partnership with a
local NGO, Sam Veasna Centre for Wildlife Conservation (Clements et al., 2008). In
addition to the direct benefits of some individuals within the village through
employment and for services such as the provision of firewood, all tourists pay into a
19

communal fund managed by a locally elected committee. Tourism revenue is
dependent on contracts signed by the villages committing to stop hunting activities
and comply with PLUP agreements (Clements et al., 2008).

Figure 2.2: Forest cleared for paddy-field cultivation (photo by H. Travers).
2.

Agri-Environment Payments (Ibis Rice)

Under this scheme, initiated in 2007, farmers who agree not to expand agricultural
land or hunt are paid a premium for certain varieties of rice. This rice is sold to a
cooperative, Sansom Mlup Prey, which is able to give preferential prices by selling on
to hotels and restaurants under the ‘Wildlife Friendly’ certification (Clements et al., in
press).
3.

Birds’ Nest Protection Payments

Due to the prevalence of critically endangered bird species, WCS has initiated a
scheme whereby individuals are paid under contract to protect the nests of particular
species of birds. This program is an example of performance payments since
contractors are paid $1 for every day that they protect the nest plus an additional $1
per day if the chicks successfully fledge (Clements et al, in press).
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2.3.2 Study Villages
There are four villages within the Northern Plains Landscape where WCS has the
greatest presence: Dangplet, Narong, Prey Veng and Tmat Boey (Figure 2.3).

Kaung
Yaung
Tmat Boey
Prey
Veng

Dangplet

Narong

Figure 2.3: Map of study area. Study villages marked with red dots. Kaung Yaung refers
to the pilot study village.
Governance within each village is provided by a locally-elected committee which
manages PLUP agreements, a locally-elected village chief responsible for
administration who also acts as an advisor to the PLUP committee, and a system of
traditional village elders. Decision-making in the home is largely conducted by the
family-head, generally the eldest male or his widow.
The study village populations range between approximately 350 in the smallest to
1050 in the largest. Ethnicity in the area is primarily Khmer with a small minority of
Kui.
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3 Methods
The following section describes the methods used for data collection and subsequent
statistical analyses. The fieldwork for data collection was conducted between 17th
June and 16th July, 2009. This consisted of a pilot study and subsequent data
collection in each of the 4 study villages.

3.1 Pilot Study
The pilot study was conducted between 18th and 19th June 2009 in the village of
Kaung Yaung located within KPWS. Kaung Yaung was selected for the pilot since it
was of similar size and location to the main study villages. The control plus peer
pressure, weak enforcement, externally allocated individual incentives and 200 KHR,
high conditionality communal incentive treatment (see Section 3.2.2 for further
detail) were conducted to test understanding of the game structure. Data collected
during the pilot were then inputted into a power analysis to determine the
approximate effect size difference required to detect a difference in behaviour
between treatments. The power analysis was conducted using a Java applet for
power (Lenth, 2006) with the analysis method taken to be a two-tailed two-sample ttest. The results of the power analysis were then used to determine whether or not
any changes were required to the proposed data collection method.

3.2 Data Collection
Data collection took the form of a repeated CPR game played under different
treatment conditions. Since the games were played during the school holidays, all
games were conducted in local classrooms. Participants were selected by the local
village chief using the following guidelines:


no more than one person from each immediate family to participate



approximately equal proportions of men and women each day



approximately even distribution of ages each day



each part of the village should be sampled
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In one village, Prey Veng, more than one person was allowed from each family
because there were insufficient families to provide the required number of players.
Members of the same family played on the same day but never in the same group. The
purpose of this was to minimise contamination which can occur when a subject who
has already participated in the experiment recounts the game to someone who has
not yet participated. This can cause unknown effects on the results (Barr, pers. com.).
Once participants had assembled, basic demographic information (see Section 3.3.1
for details) was taken and the game was explained. This explanation took
approximately one hour during which time participants played one practice round
and were taken through four examples (refer to Appendix 1 for greater detail). After
the games had been finished for the day a short interview was conducted with
individual players, who were then paid in Cambodian Riel. Payment included a
participation fee of $1 per person.
3.2.1 Experiment Structure
80 subjects participated in each village over the course of 4 days, such that 20
subjects played on each day. Each participant played 3 treatments: the control plus 2
others from a possible 8. The exceptions to this were in Dangplet, where there was
one player short on the final day, and in Tmat Boey, where one player had to leave
after completing only the control treatment. The order in which the treatments were
played was changed for each village such that no treatment was played more than
once on the equivalent day in different villages and each treatment was played at
least once in each equivalent period of a day (except the control which was played
once each day; Table 3.1). Each treatment was played in groups of n=10 with group
composition systematically randomised between treatments. Treatments were
repeated so that each was played for 5 rounds.
The game was framed as a resource extraction problem familiar to the participants. It
was explained that there was a communal fishing pond containing 100 fish to which
all group members had access and use rights. In each round 𝑡 ∈ {1, … ,5} player
𝑗 ∈ {1, … , 𝑛} could withdraw a portion of their entitlement 𝑎 ∈ {0,1, … ,10} from the
common resource. For each fish that participants harvested they received 80 KHR
and for each fish left in the pond every member of the group received 12 KHR
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representing the future value of the pond. Payoffs were static such that for each
round they were given by Equation (1).
𝑛

𝜋𝑗 = 80𝑎𝑗 + 12( 100 −

𝑎𝑖 )

(1)

𝑖=1

Village
Narong

Dangplet

Prey Veng

Tmat Boey

Game

Day 1

Day2

Day 3

Day 4

Game 1

C

T3

T5

C

Game 2

T1

C

T6

T7

Game 3

T2

T4

C

T8

Game 1

T7

T8

C

T2

Game 2

C

T5

T4

T6

Game 3

T3

C

T1

C

Game 1

T4

C

T2

T3

Game 2

T6

T1

C

T5

Game 3

C

T7

T8

C

Game 1

C

T6

C

T1

Game 2

T8

T2

T3

C

Game 3

T5

C

T7

T4

Table 3.1: Treatment order per village. Refer to Table 3.2 for descriptions of each
treatment.
Decisions were marked by circling the number of fish taken on paper decision sheets
(see Appendix 2) since it was felt that this would not disadvantage innumerate
subjects. Feedback on individual payoffs and the total number of fish taken by the
group was given in writing with help given to illiterate subjects. For the five groups
with n=9 participants dummy decisions were made for the missing subject so that the
payoff structure remained constant across all groups. In all cases the average
extraction of the 9 group members rounded to the nearest integer was used as the
dummy decision. Treatment conditions were applied as normal such that the dummy
player could be the subject of fines or incentives.
3.2.2 Treatments
The control treatment was conducted in anonymous conditions so that players were
unaware of who was playing in their group. All participants played together in one
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room with each subject sat at a separate desk at least 1.5 metres away from other
players. All other treatments were played with the two different groups in separate
rooms.
Treatment
Control

Observations

Treatment conditions

8 groups of size n=10 None

Treatment 1 (T1)

2 group of size n=10

Treatment 2 (T2)

2 groups of size n=10 Weak third party enforcement

Treatment 3 (T3)

2 groups of size n=10 Strong third party enforcement

Treatment 4 (T4)

2 groups of size n=10 External individual incentives

Treatment 5 (T5)

2 groups of size n=10 Internal individual incentives
Communal incentive (weak
2 groups of size n=10
conditionality & 200 KHR incentive)
Communal incentive (strong
2 groups of size n=10
conditionality & 200 KHR incentive)
Communal incentive (strong
2 groups of size n=10
conditionality & 400 KHR incentive)

Treatment 6 (T6)
Treatment 7 (T7)
Treatment 8 (T8)

Peer-pressure

Table 3.2: Treatment conditions played in each village
Control
Since all 20 subjects were sat together in one room they were unaware of who else
was in their group. Communication between players was not permitted and decision
sheets were kept face down except when participants were marking decisions. At the
end of each round feedback was given on individual payoffs and the total extraction
from the pond.
Treatment 1: Peer Pressure
Groups were permitted a period of discussion before they made their individual
decisions. Once individual decisions had been made a bowl containing 100 plastic
fish, representing the pond, was passed around the group. Each individual in turn
was then asked to stand up, take the number of fish that they had decided to harvest
in that round and to read out the amount they received for the round. In this way
feedback was given to all participants about the individual extractions and payoffs of
members of the group. These conditions were replicated for all other treatments.
Group decisions were recorded by Khmer speaking research assistants when two or
more subjects agreed on a number of fish to extract.
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Treatments 2 & 3: Third Party Monitoring and Enforcement
In these treatments participants faced the possibility of 3rd party monitoring and
penalties. Each participant was given a number from 1 to 10. Each round, once
extraction decisions had been made, a 10-sided die was rolled. The player whose
number corresponded to the value shown on the die was then monitored so that a
detection probability of 0.1 was used. If the monitored player had chosen to extract
any fish from the communal resource they were subject to a fine (𝜀). Two conditions
were investigated. For the weak enforcement treatment a low penalty of 20% of the
participant’s earnings for that round was used and for the strong enforcement
treatment a high penalty of 80% was used such that the expected payoff for each
individual was given by Equation (2).
𝑛

80𝑎𝑗 + 12

100 −

𝑎𝑖

if 𝑎𝑗 = 0

𝑖=1
𝑛

𝜋𝑗 =
80𝑎𝑗 + 12 100 −

𝑎𝑖 − 0.1𝜀

(2)
otherwise

𝑖=1

Treatments 4 & 5: Individual Incentives
In the individual incentive treatments participants had the possibility of receiving an
incentive of 200 KHR. For the externally allocated treatment the process by which
incentives were allocated was designed to mimic imperfect awarding of direct
payment contracts. Each round the 5 participants who had taken the least fish from
the pond were identified and each given a number. If there was a tie for the fewest
number of fish the cut-off was increased to accommodate this. A die was rolled to
decide which two participants would then receive the payment. For the internally
allocated treatment incentives were allocated by the group with each participant
given one vote per round. The two participants with the most votes received the
incentive. Payoffs were given by Equation (3).
𝑛

80𝑎𝑗 + 12

100 −

𝑎𝑖 + 200 if payment received
𝑖=1
𝑛

𝜋𝑗 =
80𝑎𝑗 + 12 100 −

(3)
𝑎𝑖

𝑖=1
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otherwise

Treatments 6, 7 & 8: Communal Incentives
In the communal incentive treatments a threshold was placed on the number of fish
harvested from the pond. If the group harvested less than the threshold each
individual participant would receive an incentive (Table 3.3). This was designed to
mimic collective benefits from conservation programs such as ecotourism with
varying levels of conditionality and incentives. The payoffs used were given by
Equation (4).
Treatment

Extraction threshold

Incentive (𝑏𝑐 ) [KHR]

weak conditionality

50 fish (𝜓 = 0.5)

200

200 KHR strong conditionality

20 fish (𝜓 = 0.2)

200

400 KHR strong conditoinality

20 fish (𝜓 = 0.2)

400

Table 3.3: Communal incentive treatment summary
𝑛

80𝑎𝑗 + 12 100 −

𝑎𝑖 +
𝑖=1
𝑛

𝜋𝑗 =
80𝑎𝑗 + 12

100 −

𝑏𝑐
𝑛

𝑎𝑖

if 𝑎𝑖 < 10𝜓
(4)
otherwise

𝑖=1

3.3 Hypotheses
The following hypotheses relating to the institutional control of extraction from a
CPR were investigated:
H1 Individual extraction from a CPR is lowest for incentive structures dependent on
group self-regulation.
H2 Individual extraction from a CPR decreases for situations in which there is
opportunity for social disapproval and approval.
H3 Intrinsic motivation is crowded out by weak enforcement penalties, increasing
individual extraction from a CPR.
H4 Individual extraction from a CPR decreases with increasing enforcement
penalties.
H5 Group allocated individual incentives reduce individual extraction relative to
externally allocated incentives.
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H6 Individual extraction from a CPR decreases if the conditionality of incentives
dependent on aggregate group behaviour is strengthened.
H7 Individual extraction from a CPR decreases with increasing incentive value for
incentives dependent on aggregate group behaviour.
H8 Group decision-making reduces individual extraction from a CPR.
H9 Group decision-making is more successful for incentive structures dependent on
group self-regulation.
H10 Defection from a group decision is less frequent for incentive structures
dependent on group self-regulation.
No hypotheses were made relating to the effect of demographic factors on resource
extraction as no predictions were found within the literature. The following
hypotheses were made relating to group decision-making:
H11 Group decision-making is more successful for groups containing a greater
number of individuals holding positions of authority.
H12 Group decision-making in the study area is more successful for groups
containing a greater number of men.

3.4 Statistical Modelling
3.4.1 Variable Selection
Before any statistical modelling was undertaken descriptive statistics were used to
explore the data and to identify explanatory variables for inclusion in the analysis.
Table 3.4 describes the variables considered for each. It was not possible to
undertake a direct comparison of behaviour within different villages as this was
confounded by the order in which the different treatments were played.
3.4.2 Modelling Approach
All statistical analysis was carried out using the software package R version 2.9.0 (R
Core Development Team, 2009). Mixed effects models were used to account for
pseudo-replication due to the clustered nature of the data in which observations
were crossed within a hierarchical structure (Hedeker, 2005). This was necessary as
clustered data contravenes the fundamental assumption of independence of errors
(Crawley, 2007). Due to the non-normality of the data it was necessary to use
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generalised linear mixed effects models (Bolker et al., 2009). A logit link function was
used to account for the binomial error structures of the response variables. Laplace
approximation was used to estimate model parameters (Raudenbusch et al., 2000).
Analysis of GLMMs was undertaken using the lme4 package version 0.999375-31
(Bates & Maechler, 2009) within R.
3.4.3 Model Selection
GLMMs were fitted using backwards stepwise selection of fixed effect variables. The
fixed effects structures were simplified using the Akaike information criterion which
uses deviance as a measure of fit (Akaike, 1974). If AIC values differed by >2 models
with the lowest AIC were selected. For models with a difference in AIC of <2, models
with lower degrees of freedom were selected as this implies greater parsimony (see
Appendix 3 for summary tables of model fitting; Burnham & Anderson, 2002). Since
AIC is not suitable for selection of random effect structures (Demidenko, 2004)
random effects were fitted using likelihood ratio tests. These test the effect of a single
random effect by comparison of models with and without the test variable (Bolker et
al., 2009). The use of likelihood inference methods is permitted since the Laplace
approximation estimates true likelihood (Bolker et al., 2009).
3.4.4 Model Inference
For GLMMs the parameter estimate for each fixed effect is found keeping all other
effects at their baseline level. The baseline value depends on the data type for each
variable so that for categorical variables it is a specific level and for continuous and
binary variables it is the lowest value recorded. Setting all variables to their baseline
gives the model intercept. For multi-level categorical variables the parameter
estimate is interpreted as the effect size in comparison to the baseline level. For
continuous variables the parameter estimate is interpreted as the effect of a unit
increase in the explanatory variable.
For models with the number of fish taken as the response variable, the output of the
binomial logit function was converted using Equation (5). For each predictor variable
this gives an estimate of the difference in the mean number of fish taken between the
intercept and the variable or level being analysed.
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Variable

Data type

Variable type

Description

fish

bounded proportional

response

number of fish taken by one subject

decision

binary

response

whether or not a group reached a decision

defection

binary

response

whether or not a subject took more fish than the group agreed

treatment

categorical

explanatory

experimental treatment played

previous

categorical

explanatory

experimental treatment played previously

age

continuous

explanatory

age of subject

education

continuous

explanatory

number of years in education

literacy

binary

explanatory

whether or not subject was literate

gender

categorical

explanatory

gender of subject

head

binary

explanatory

whether or not the subject was the head of family

position

binary

explanatory

whether or not the subject held a formal position of authority

decision

binary

explanatory

whether or not a group decision was made

proposal

bounded discrete

explanatory

the value of the group decision

round

categorical

explanatory

number of the round played

game

categorical

explanatory

when in the day the observation was recorded

day

categorical

explanatory

which day in the village the observation was recorded

village

categorical

random effect

village in which the observation was recorded

session

categorical

random effect

day on which the observation was recorded

group

categorical

random effect

group from which the observation was recorded

individual

categorical

random effect

subject from which the observation was recorded

Table 3.4: Variables used in statistical modelling
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𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑓𝑖𝑠ℎ = 10

1
1 + 𝑒−

𝑥 1 +𝑥 𝑗𝑖

−

1
1 + 𝑒 −𝑥 1

(5)

where 𝑥1 is the logit parameter estimate for the intercept and 𝑥𝑗𝑖 is the logit
parameter estimate for variable 𝑗, level 𝑖.
For models with binary response variables, Equation (6) was used to convert the
parameter estimates. This gives an estimate of difference in the probability of success
for the intercept and the variable or level of interest.
𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =

1
1+

𝑒 − 𝑥 1 +𝑥 𝑗𝑖

−

1
1 + 𝑒 −𝑥 1

(6)

where 𝑥1 is the logit parameter estimate for the intercept and 𝑥𝑗𝑖 is the logit
parameter estimate for variable 𝑗, level 𝑖.
3.4.5 Model Diagnostics
Once model selection had taken place the residuals were plotted against each
variable to check for trends.
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4 Results
4.1 Power Analysis
Following the initial pilot study a simple power analysis was undertaken to estimate
the effect sizes required to be able detect significant difference in behavioural
response to the different treatments. Table 4.1 shows the summary statistics found
for the 5 treatments played plus the difference in means required to detect a
behavioural change from the control with a power of 0.8. The assumed analysis of a
two-tailed two-sample t-test represents a direct test of mean treatment behaviour
and as such provided only a rough guide with respect to the required effect size.
Number of fish taken
Treatment
control
peer pressure
weak enforcement
externally allocated ind. inct.
200 KHR strong cond. com. inct.

mean

std dev

observations

4.08
2.00
1.48
3.03
1.8

2.55
1.49
0.97
2.39
0.62

200
100
100
100
100

Required
difference in
means
0.66
0.58
0.84
0.99

Table 4.1: Summary statistics for pilot study treatments plus the difference in means
required to detect a difference in behaviour.
The results of the analysis indicate that, providing the pilot village was representative
of behaviour within the main study villages, the effect sizes observed for the different
treatments were sufficiently different to be able to detect a difference. Consequently
no change was made to the proposed data collection method.

4.2 Demographics
Table 4.2 gives summary statistics for each level of the categorical demographic
variables considered in the analysis (see Table 3.4 for descriptions of each variable).
Two continuous variables were considered: education (mean = 2.5 years, std.
deviation = 2.9) and age (mean = 34.6 years, std. deviation = 13.1). Comparison of the
population and sample gender ratios show that the sample gender was
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representative of the population. Further comparable data for the rural population
were not available.
Observations
counts
% of total
160
50.2
159
49.8
166
52.0
153
48.0
24
7.5
295
92.5
145
45.5
174
54.5

Variable
gender:
literacy:
position:
head of
family:

men
women
illiterate
literate
yes
no
yes
no

Table 4.2: Count data for categorical demographic variables. The variable position
refers to whether or not a position of authority in the village was held.

4.3 CPR Extraction
4.3.1 Game Results
Figure 4.1 shows the average number of fish taken in each round for the control
treatment. The average number of fish taken in the initial round was 5.44 (sd = 3.11),
corresponding to a percentage of 54.4%. This is within the range of the 40-60% most
commonly reported from dilemma game experiments (Ostrom, 2000). With respect
to the evolution of extraction over time, Figure 4.1 shows a continuous increase in the
average number of fish taken. Again this is consistent with common findings from
iterated experiments (Ostrom, 2000).
Figure 4.2 shows the average number of fish taken per round for the peer pressure
treatment compared with the control treatment. There is no discernable difference in
behaviour between the two treatments.
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Figure 4.1: Average number of fish taken each round for the control treatment. Error
bars show the 95% confidence interval
Figure 4.3 shows the average number of fish taken per round for the weak and strong
enforcement treatments compared with the control. Both treatments show an
increase in fish taken after the initial round, indicating that third party enforcement is
unable to prevent the trend observed in the control treatment. The weak
enforcement treatment shows signs that the average number of fish reached
equilibrium in the 4th and 5th periods.

Figure 4.2: Average number of fish taken for each round for the peer pressure treatment
compared against the control treatment. Error bars show 95% confidence interval.
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Figure 4.3: Average number of fish taken for each round for the weak and strong
enforcement treatments compared against the control treatment. Error bars show 95%
confidence interval.

Figures 4.4 and 4.5 show the average number of fish extracted per round for the
individual incentive treatments and for the communal incentive treatments
respectively. For all the incentive treatments, bar the weak conditionality communal
incentive treatment, there is no discernable trend over time, suggesting that these
incentive structures can have a greater long-term influence on the number of fish
taken. The plot for the weak conditionality communal incentive treatment shows a
see-sawing around the threshold of 5 fish with a general trend of increasing
extraction over time so that in the final round there is no significant difference
between in the control.
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Figure 4.4: Average number of fish taken for each round for the individual incentive
treatments compared against the control treatment. Error bars show 95% confidence
interval.

Figure 4.5: Average number of fish taken for each round for the communal incentive
treatments compared against the control treatment. Error bars show 95% confidence
interval.
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4.3.2 Descriptive Statistics
Summary statistics for the number of fish taken in each treatment are presented in
Table 4.3. Given the large number of confounding variables it is difficult to draw
many conclusions from this data without statistical modelling (refer to Sections 4.3.3
and 4.3.4 for the results of the GLMMs analysing the effects of these variables).
In general all treatments, bar the weak enforcement treatment, had averages lower
than the control. Of the communal incentive treatments, those with strong
conditionality had averages well above the threshold of 2 fish per person. The weak
conditionality communal incentive treatment had an average just below that of the
threshold of 5 fish per person. This difference in the effect of conditionality can also
be seen by comparing the number of times in which individual groups were
successful at achieving the group incentive. For the weak conditionality communal
incentive treatment, groups achieved the incentive 57.5% of the time, whereas only
32.5% and 27.5% of attempts were successful in achieving the incentive for the 200
KHR and 400 KHR strong conditionality treatments respectively. Across the three
communal treatments nearly 20% of all attempts to achieve the incentive failed by 5
or fewer fish per group.
Treatment
control
peer pressure
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

No. of
participants
319
80
79
79
80
80
79
79
80

No. of fish taken
mean
std. dev.
6.10
3.21
5.35
3.38
6.47
3.10
4.65
3.39
5.10
3.42
3.10
3.23
4.88
2.53
3.76
3.37
3.82
3.44

Table 4.3: Summary statistics for the number of fish taken during each treatment.
Table 4.4 gives the mean and variance for the total number of fish taken per group for
the individual and communal incentive treatments. From this table it is clear that
there is considerably greater variation for the communal incentive treatments than
for the individual incentive treatments despite comparable means. This suggests that
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communal incentives increase the volatility of behaviour by making payoffs more
clearly dependent on the behaviour of other group members.
Group total no. of fish taken
mean
variance
40.8
98.8
24.78
174.9
39.01
327.4
30.08
367.8
30.56
370.9

Treatment
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

Table 4.4: Group extraction summary for the individual and communal incentive
treatments.
Comparison of the number of observations in which zero fish were taken for the
control and the enforcement treatments provides a measure of the effectiveness of
the no-take rule applied in both of the enforcement treatments. Interestingly only
1.5% and 4.4% of observations complied with the no-take rule for the weak and
strong enforcement treatments respectively, compared with 5.5% for the control.
This suggests that with respect to preventing any fish being taken from the pond, the
enforcement treatments actually performed slightly worse than the control. 85% and
90% of monitoring resulted in fines for the weak and strong enforcement treatments
respectively.
The success rate of the two individual incentive treatments in rewarding those
individuals who took the least fish differed markedly. 65% of internally allocated
incentives were awarded to the two group members who took the lowest number of
fish opposed to only 12.5% for externally allocated incentives. This is despite
uncertainty with respect to how the incentives were to be awarded. When questioned
during the post-game interviews 13 of 26 respondents said that they voted for their
friends or for people who had voted for them.
After completing a day’s play 107 participants were questioned with respect to their
understanding of the payoff structures and specifically whether or not they
understood the nature of the dilemma. If participants were able to explain to the
interviewer that the payoffs of other group members decreased as they increased
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their own extraction, then they were judged to have understood the game. 32.7% of
subjects were unable to explain the dilemma adequately.
4.3.3 Modelling Control Extraction
The factors affecting the number of fish taken during the control treatment were
investigated using a GLMM. The position in the day that the control was played added
no explanatory power to the model, indicating that there was no effect of increased
earnings reducing the marginal value of decisions and thus affecting behaviour. The
selected model included 3 fixed effects: the game played immediately before the
control, the round and the day on which the observation was made (refer to
Appendix 3 for the summary table of model selection). LR tests indicate that the
random effects ‘group’ and ‘session’ did not significantly contribute to the model (p <
0.001 for both). The model residuals were plotted against all fixed effect variables to
check for trends. No trend was found against any of the variables.
Table 4.5 shows the effect estimates for the fixed effect predictors for the control
model. These parameter estimates suggest that some treatments produce a learning
effect which influenced behaviour in the subsequent treatment despite a change in
institutional conditions. The weak conditionality communal incentive treatment
increased the number of fish taken in the control by 1.50 fish per person compared
with cases when no treatments had been played previously (p = 0.025). The
internally allocated individual incentive treatment was the only treatment which
reduced the number of fish taken (difference in fish = -1.62, p = 0.009). The day had a
significant effect on the number of fish taken. This suggests that there was
contamination between subjects, with participants discussing the experiment with
those who played on later days.
Subject understanding was added as an explanatory variable to the selected GLMM to
test whether or not it biased behaviour. The day was not included as an explanatory
variable since no participants were interviewed about understanding on the 2nd day
in any of the villages. Understanding had no significant effect on the number of fish
taken (p = 0.620).
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Variable
intercept

estimate
-0.466

No. of fish taken
std. error diff. fish
0.434
0.00

p value
0.282

previous treatment: (none)
peer pressure
weak enforcement
strong enforcement
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.

0.415
0.461
-0.436
-0.781
0.607
-0.660

0.433
0.241
0.403
0.300
0.271
0.406

1.02
1.13
-0.97
-1.62
1.50
-1.41

0.337
0.055
0.280
0.009
0.025
0.104

round number: (1)
2
3
4
5

0.329
0.414
0.537
0.758

0.061
0.061
0.062
0.062

0.80
1.01
1.32
1.87

<< 0.001
<< 0.001
<< 0.001
<< 0.001

***
***
***
***

day: (1)
2
3
4

1.029
0.652
1.013

0.284
0.235
0.302

2.52
1.61
2.48

< 0.001
0.005
0.001

***
**
***

*
*

Table 4.5: Logit parameter estimates for the selected control treatment model. Baseline
levels for categorical variables are shown in parentheses. Diff. fish refers to the
difference in the mean number of fish taken given by Equation (5). No parameter
estimates are given for the externally allocated individual incentive or 400 KHR high
conditionality communal incentive treatments as these treatments did not immediately
precede the control.
4.3.4 Modelling Treatment Extraction
The factors affecting the number of fish taken during all the treatments were
investigated with a GLMM. Again it was found that the position in the day that a
treatment was played lacked explanatory power for extraction behaviour. The
simplified model included 7 explanatory variables shown in Table 4.6. LR tests
showed that the random effect ‘session’ did not contribute to the model (p < 0.001).
Once again the round was found to have a significant effect (p << 0.001), increasing
the number of fish taken after the first round. Again a step-effect was seen after day 1
with fish taken increasing significantly (p < 0.001). The model residuals were plotted
against all fixed effect variables to check for trends, with no trend found against any
of the variables.
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One of the strongest effects in reducing the number of fish taken was seen when a
group decision was made (difference in fish = -1.48, p <<0.001). This is consistent
with hypothesis H8, that group decision-making reduces extraction from the CPPR.
Group decisions are investigated in greater depth in Section 4.4.
The GLMM results found no significant effect on the number of fish taken for the
peer-pressure treatment (p = 0.482). Consequently there is no evidence to support
hypothesis H2 that social disapproval or approval alone are sufficient to decrease
extraction in a CPR context.
The effect size in the reduction in fish taken from the CPR compared to the control
was roughly equivalent for all treatments bar the peer pressure, weak enforcement
and weak conditionality communal incentive treatments, ranging from a reduction of
1.24 fish for the externally allocated individual incentive treatment, to 1.89 for the
communal incentive treatment with strong conditionality and 200 KHR incentive.
The three strongest effects were seen for the three treatments in which the level of
social interaction required by participants was greatest. For the internally allocated
individual incentive, subjects were dependent on the votes of other group members if
they wanted to receive the bonus payment, making the incentive to be seen to be
cooperative stronger. For both the high conditionality communal incentive
treatments, receipt of the incentive was dependent on coordination of all extraction
efforts within the group. Although the communal incentive treatment with weak
conditionality also required coordination of extraction efforts, the incentive to do so
was weaker than the high conditionality treatments. This was because the threshold
was much closer to the mean extraction observed in the peer pressure treatment, the
baseline group treatment (Table 4.3). Hence there is support for hypothesis H1 that
extraction is lowest for treatments dependent on group self-regulation. The
difference, however, in the reduction in the number of fish taken between the
internally allocated individual incentive treatment and strong enforcement
treatment, the treatment with the next strongest effect, is only 0.13 fish.
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Variable
intercept

No. of fish taken

estimate
-0.370

std. error diff. fish
0.360
0.00

p value
0.305

treatment: (control)
peer pressure
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

-0.193
0.315
-0.656
-0.550
-0.728
-0.021
-0.896
-0.840

0.274
0.242
0.255
0.277
0.346
0.268
0.248
0.264

-0.46
0.78
-1.45
-1.24
-1.58
-0.05
-1.89
-1.79

0.482
0.193
0.010
0.047
0.036
0.938
< 0.001
0.001

previous treatment: (none)
control
peer pressure
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

0.309
-0.105
0.233
-0.240
-0.412
-0.936
-0.007
-0.642
-1.460

0.187
0.275
0.276
0.285
0.360
0.273
0.274
0.336
0.460

0.76
-0.25
0.57
-0.57
-0.95
-1.95
-0.02
-1.42
-2.70

0.098
0.702
0.399
0.399
0.253
0.001
0.978
0.056
0.002

education

0.034

0.017

0.08

0.038

gender: (male)
female

-0.198

0.087

-0.47

0.022

decision

-0.671

0.036

-1.48

<< 0.001

***

round number: (1)
2
3
4
5

0.297
0.379
0.470
0.573

0.034
0.035
0.035
0.035

0.73
0.94
1.17
1.42

<< 0.001
<< 0.001
<< 0.001
<< 0.001

***
***
***
***

day: (1)
2
3
4

0.891
0.875
1.098

0.203
0.202
0.202

2.19
2.15
2.66

< 0.001
< 0.001
<< 0.001

***
***
***

**
*
*
***
**

***

**
*

Table 4.6: Effect estimates for the simplified model. Baseline levels for categorical
variables are shown in parentheses.
The parameter estimate for the weak enforcement treatment suggests that weak
enforcement penalties did not reduce extraction (p = 0.193). On the other hand, the
parameter estimates for the strong enforcement treatment suggests that high
enforcement penalties did reduce extraction from the CPR (difference in fish = -1.45,
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p = 0.010). This supports hypothesis H4 that increasing enforcement penalties
decreases extraction. Rearranging the treatment levels to use the weak enforcement
treatment as the baseline for the analysis allows a direct comparison of the effects of
weak enforcement and other treatments. This shows that all reduced the number of
fish taken in comparison with the weak enforcement treatment bar the control, peer
pressure and weak conditionality communal incentive treatments (Table 4.7).
Consequently whilst there is no evidence to support hypothesis H3 - that intrinsic
motivation is crowded out by weak enforcement - the parameter estimates (Table
4.7) do suggest that weak enforcement performed poorly in comparison to the other
treatment conditions.
The parameter estimates for the GLMM analysis of the number of fish taken (Table
4.6) suggest that the two individual incentive treatments had a similar effect in
reducing extraction from the CPR, although internally allocating the incentives had
the slightly stronger effect (difference in fish = -1.24 and -1.58 for the externally and
internally allocated incentives respectively). Hence there is some evidence to suggest
that group allocated incentives result in a greater reduction in extraction than
externally allocated individual incentives as proposed by hypothesis H5.
Variable

No. of fish taken

estimate

std. error

diff. fish

p value

intercept

-0.054

0.411

0.00

0.895

treatment: (weak enforcement)
control
peer pressure
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

-0.315
-0.508
-0.972
-0.865
-1.043
-0.336
-1.212
-1.156

0.242
0.338
0.320
0.346
0.398
0.326
0.306
0.328

-0.78
-1.23
-2.23
-2.01
-2.36
-0.83
-2.66
-2.57

0.193
0.133
0.002
0.012
0.009
0.303
< 0.001
< 0.001

**
*
**
***
***

Table 4.7: Effect estimates using the weak enforcement treatment as the baseline
treatment.
The GLMM analysis (Table 4.6) found no significant effect for the weak conditionality
communal incentive treatment (p = 0.938) but a strong effect for both the high
conditionality communal incentive treatments in reducing the number of fish taken
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in comparison with the control treatment. This indicates that, despite lower success
rates in groups achieving the communal bonuses for the strong conditionality
treatments, they were more effective at lowering extraction than the weak
conditionality treatment, as predicted by hypothesis H6. Increasing the size of the
payoff from 200 KHR to 400 KHR had no discernable direct effect on extraction
behaviour for the strong conditionality treatments, contrary to hypothesis H7.
A learning effect was found when both the internally allocated individual incentive
and the 400 KHR strong conditionality communal incentive treatments preceded
another treatment. In both cases this resulted in a reduction in extraction in the
subsequent treatment in comparison with no treatments being played previously
(Table 4.6). There was also a marginal result for the 200 KHR strong conditionality
communal incentive treatment (p = 0.056) suggesting that with greater power an
effect might be detected. Overall this suggests that conditions with a greater degree of
self-regulation support a level of cooperation which is retained in the subsequent
treatment, even after a change in institutional structure.
None of the demographic variables age, literacy, position within the village or
position within the family were included in the final selected model, leaving only
gender and education as explanatory demographic variables (difference if fish = -0.47
and 0.08 for gender and education respectively).
It was not possible to fit a model containing interaction terms between the treatment
played and whether or not a decision was made with the number of fish taken as the
response variable. This was due to the strong collinearity between the product terms
and the constituent variables. Consequently the data was split into 2 separate subgroups: one in which decisions were made and one in which they were not. These
sub-groups were then analysed with the random and fixed effect structures originally
selected using the whole data set. Since it was not possible to make a decision during
the control, the peer pressure treatment was used as the baseline treatment for the
analysis. Table 4.8 shows the parameter estimates of these two models for the
different treatments. This suggests that when a decision was made there was a strong
reduction in extraction in comparison with the peer pressure treatment for the three
treatments with higher levels of self-regulation. This effect was only seen when a
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decision was made, indicating that an interaction between the two variables was
present. This suggests that when a decision is made by the group as to how many fish
to extract, the presence of incentive structures requiring group self-regulation has a
strong effect in reducing extraction from the CPR.
Variable
No decision made:
intercept
treatment: (peer pressure)
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.
Decision made:
intercept
treatment: (peer pressure)
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

No. of fish taken

estimate

std. error

diff. fish

p value

-0.257

0.614

0.00

0.675

0.382
-0.364
0.147
0.193
0.508
-0.287
-0.084

0.383
0.389
0.363
0.423
0.409
0.383
0.388

0.952
-0.864
0.36
0.48
1.26
-0.69
-0.21

0.318
0.350
0.686
0.648
0.214
0.454
0.828

-1.001

0.516

0.00

0.053

-0.277
-0.477
-0.221
-1.413
-0.354
-1.163
-1.085

0.582
0.514
0.496
0.500
0.497
0.496
0.499

-0.51
-0.83
-0.41
-1.87
-0.64
-1.66
-1.58

0.634
0.354
0.655
0.005
0.477
0.019
0.030

**
*
*

Table 4.8: Effect estimates for the two split dataset models.

4.4 Decisions
Table 4.9 gives the number of decisions made for each treatment, round and the
game number in the day in which the treatment was played. This shows a clear
decline over time in the number of decisions made for both the position that the
treatment was played in the day and the round, although this decline appears to
stabilise by the 3rd period. The trend for treatment is more ambiguous, with decisions
made between 50% and 77% of the time for all treatments except the weak
enforcement treatment.
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Variable
treatment: peer pressure
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

Observations
counts
% of total
20
50
15
37.5
25
62.5
20
50
29
72.5
29
72.5
26
65
24
60

round:

1
2
3
4
5

45
41
29
29
29

76.3
69.5
49.2
49.2
49.2

game:

1
2
3

62
61
50

68.9
58.1
50.0

Table 4.9: Count data for the number of group decisions made during the discussion.
It is clear from the results of the GLMM of the number of fish taken for all treatments
that whether or not a decision is made is correlated with extraction levels (Tables 4.6
and 4.8). This section investigates the conditions which predict whether or not a
decision was reached by the group.
A GLMM was fitted with the binary decision variable as the response. For the
purposes of this analysis groups with fewer than 10 members were excluded. Several
group demographic variables were fitted to the model: average age, average number
of years in education, average literacy, number of men, number of family heads and
number of group members with positions of authority in the village. Of these only the
number of men in the group added explanatory power and was included in the
selected model. This suggests that hypothesis H11, that increasing the number of
group members increases the frequency of group decisions being made, is false. The
treatment played also lacked explanatory power as an explanatory variable. The only
other fixed effects to be included were the game number, the round and the day
number. Table 4.10 gives the parameter estimates for these fixed effects. LR tests
revealed that the only random effect required for the most parsimonious model was
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the individual group identity (see Appendix 3 for the model simplification table). The
residual plots showed slight heteroskedasticity with less variation in round 1.
Variable
intercept
no. of men

Decision

estimate
1.863

std. error diff. fish p value
1.080
0.00
0.084

3.606

1.512

0.13

0.017

round number: (1)
2
3
4
5

-0.499
-1.802
-1.907
-1.907

0.482
0.478
0.479
0.479

-0.07
0.301
-0.35 < 0.001
-0.38 < 0.001
-0.38 < 0.001

game: (1)
2
3

-1.154
-1.402

0.668
0.668

-0.20
-0.25

0.084
0.036

day: (1)
2
3
4

-0.972
-1.639
-0.865

0.767
0.768
0.768

-0.16
-0.31
-0.13

0.205
0.033
0.260

*

***
***
***

*

*

Table 4.10: Parameter estimates for simplified decision GLMM.
The GLMM parameter estimates (Table 4.10) confirm the trend observed from the
count data that the probability of a group reaching a decision declines until the 3rd
round. They also suggest that the probability of a decision being made increases by
0.13 for every additional man in the group. This provides support for hypothesis H12.
Reworking the analysis with the weak enforcement treatment set as the baseline
treatment gives the same simplified model. However both the model including
treatment as a fixed effect and the simplified model have AIC within 2, indicating that
they are equivalent (AIC = 368.0 and 367.6 for the models with and without
treatment respectively). Parameter estimates for the model including treatment as an
explanatory variable are given in Table 4.11. These show that compared with weak
enforcement, internally allocated individual incentives and communal incentives
increase the probability of a decision being made by the group. These are the four
treatments with the highest level of group interaction required, thus providing
support for hypothesis H9.
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Decision

Variable

estimate

std. error

diff. prob

p value

intercept

0.345

1.156

0.00

0.765

treatment: (weak enforcement)
peer pressure
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

1.291
1.219
1.532
3.338
2.871
2.157
2.096

0.947
0.954
0.977
1.070
0.989
1.019
0.974

0.25
0.24
0.28
0.39
0.38
0.34
0.33

0.173
0.201
0.117
0.002
0.004
0.034
0.032

**
**
*
*

Table 4.11: Effect estimates using the weak enforcement treatment as the baseline
treatment for the decision GLMM.

4.5 Defection
Once a group decision had been made regarding the number of fish to be extracted
from the CPR, subjects then had to decide whether to abide by that decision or to
defect. For the purpose of this analysis defection is defined as an instance when an
individual took more fish than had been decided by the group during the discussion.
The number of defectors then gives an indication of the importance of promisekeeping norms. Table 4.12 gives the number of defectors for each treatment.
Mean
proposal

Variable
peer pressure
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

4.95
5.52
4.24
3.75
2.21
3.88
2.20
2.08

total

3.43

Observations
counts
% of decisions
44
22
53
36.6
82
32.8
75
37.5
61
21.0
76
26.7
55
21.4
55
22.9
501

26.8

Table 4.12: Count data for the number of defections in different treatments.
Given the high correlation between whether or not a group decision was made and
the number of fish taken (Table 4.6), a GLMM was used to investigate the conditions
which predicted when subjects defected from the group decision. The same
demographic variables that were considered for the base extraction model were
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fitted to the defection model (Table 3.4). Only gender added explanatory power (see
Appendix 3 for the model selection table). Once again the treatment played was not
included in the selected model suggesting that hypothesis H10 is false. LR tests
showed that village could be excluded as a random effect with no loss of explanatory
power. The residual plots showed some heteroskedasticity when plotted against the
level of extraction proposed by the group decision.
Table 4.13 gives the parameter estimates for the selected defection model. As with
the number of fish extracted and whether or not a decision was reached the
probability of defection was correlated with the round in which the decision was
made. In this case, parameter estimates for the simplified model show that the
probability of defection increased over time. Similarly, evidence was again found of
contamination between subjects as the probability that an individual defects on any
given decision increases from day to day.
Variable

Defection

estimate

std. error

diff. prob

p value

intercept

-2.246

0.478

0.00

<< 0.001

***

gender: (male)
female

-0.532

0.179

-0.04

0.003

**

proposal

-0.339

0.040

-0.03

<< 0.001

***

round number: (1)
2
3
4
5

1.013
0.921
1.164
1.543

0.191
0.211
0.224
0.230

0.13
0.11
0.16
0.24

<< 0.001
< 0.001
<< 0.001
<< 0.001

***
***
***
***

day: (1)
2
3
4

1.339
1.909
2.396

0.618
0.630
0.603

0.19
0.32
0.44

0.030
0.002
< 0.001

*
**
***

Table 4.13: Parameter estimates for simplified defection GLMM. Refer to Table 3.4 for
explanations of the explanatory variables.
The results also suggest that women were marginally less likely to defect from group
decisions than men and that the probability of defection decreased as the agreed
number of fish rose. This latter result is trivial since there was less opportunity or
motivation for individuals to defect when the proposal was higher.
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4.5.1 Defection Magnitude
The magnitude by which defectors deviated from the group decision was examined
for each treatment to investigate whether there were certain institutional conditions
which predicted the scale of defection. In this case possible values were constrained
by the magnitude of the group decision. Consequently, further statistical analysis was
not possible. Figure 4.6 shows histograms of the magnitude of deviation from the
group decision for each treatment. This shows reduced peaks corresponding to zero
defection for both the enforcement treatments and the externally allocated individual
incentive treatment, indicating that for these treatments cooperation may have been
crowded out.
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Figure 4.6: Deviations from group decision for each treatment.
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4.6 Payoffs
The payoffs for each treatment give a measure of how well participants were able to
negotiate the different institutional conditions. Each treatment has a specific Pareto
Optimum, the point at which any deviation in behaviour which would result in an
improvement in the payoff of one individual would also result in the reduction of the
payoff for at least one other individual (Binmore, 2007). Comparison of the average
payoffs achieved for each treatment against the average earnings at the Pareto
Optimum (PO) therefore provide a measure of efficiency in negotiating the
institutional conditions of each treatment. This is preferred to comparison with Nash
equilibria since there are multiple equilibria for treatments where incentives are
dependent on the behaviour of others (Fehr & Falk, 2002). This comparison is shown
in Table 4.14. This shows that there is little variation between treatments. The two
individual incentive treatments attain the highest efficiencies, achieving 85.5% and
90.0% of the PO respectively. The communal incentive treatment with strong
conditionality and 400 KHR incentive has the lowest efficiency despite having the
highest average payoff of all treatments. This is due to the high frequency of groups
failing to achieve the target threshold which results in dual density peaks in the
histogram of individual payoffs (Figure 4.7).

Treatment
control
peer pressure
weak enforcement
strong enforcement
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

Pareto comparison
mean payoff
PO
efficiency
[KHR]
[KHR]
955
1200
79.6
986
1200
82.2
910
1200
75.9
943
1200
78.6
1036
1240
83.5
1116
1240
90.0
1113
1400
79.5
1400
1132
80.9
1167
1600
73.0

Table 4.14: Comparison of mean payoffs against mean Pareto Optimal payoffs.
Efficiency is given as a percentage.
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Figure 4.7: Histograms of individual payoffs for each treatment.
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4.6.1 Cost Effectiveness of Incentives
Table 4.15 compares the total value of the incentives given for each of the individual
and communal incentive treatments with the reduction in individual extraction from
the CPR. This gives a measure of the cost effectiveness of each incentive structure
considered, neglecting the associated monitoring costs. This suggests that internal
allocation of individual incentives is the most cost effective of all the incentive
structures considered, with external allocation of individual incentives and strongly
conditional communal (200 KHR) incentives also performing well.

Treatment
externally allocated ind. inct.
internally allocated ind. inct.
weak cond. com. inct.
200 KHR strong cond. com. inct.
400 KHR strong cond. com. inct.

Cost effectiveness
incentives
effectiveness
diff. fish
paid [KHR]
[fish / 103 KHR]
16000
-1.24
7.75
16000
-1.58
9.88
38000
-0.05
0.13
-1.89
26000
7.27
48000
-1.79
3.73

Table 4.15: Comparison of effect against cost for each of the incentive treatments.
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5 Discussion
5.1 Cooperation and Institutional Conditions
Behaviour measured during the control is consistent with the general findings of
many studies, that initial cooperation is typically within the range of 40% - 60% and
that cooperation decreases over time (Ostrom, 2000). However, the average shift in
the number of fish taken between the initial and final rounds was just 1.2 fish, much
lower than many studies which report almost complete loss of cooperation over time
(eg Isaac et al., 1994). This suggests that subjects may have approached the game
with a more conservative mindset than is commonly reported. Khmer people are
typically conservative and averse to taking risks (Peang-Meth, 1991) and it is perhaps
unsurprising that these characteristics are evident in the behaviour observed during
the experiment.
Another reason for the low average increase in extraction is that to some extent the
behaviour of subjects who extracted more over time was balanced by those who took
less. This type of behaviour in which subjects take less as group extraction increases
is contrary to all predictions. Andreoni (1995) showed that confusion can play an
important role in determining how people behave during experimental games and it
is possible that this trend is the result of confusion on the part of subjects who were
attempting to compensate for the declining payoffs but were unable to make the
necessary cognitive adjustments.
5.1.1 Sanctions
Many studies have shown that social approval and disapproval can result in
increased cooperation in different contexts (Gächter & Fehr, 1999; Andreoni & Petrie,
2004; Rege & Telle, 2004). No significant decrease in extraction was seen during the
peer pressure treatment, however, in which social peer-pressure was the only control
on behaviour. The most likely explanation for this is that peer-pressure was not
strong enough to overcome individuals’ extraction preferences. The strength of social
approval incentives depends on the average behaviour of the group (Fehr & Falk,
2002). In the peer pressure treatment the average group proposal (Table 4.12)
differed only slightly from the mean behaviour observed in the control (Table 4.3).
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This suggests that the disapproval of subjects who took a similar number of fish to
the control was unlikely to be strong enough to elicit a change in behaviour.
The weak enforcement treatment mimicked the conditions commonly replicated
throughout conservation in which behaviour is controlled through weak external
sanctioning only. A common sentiment expressed during the group discussions for
this treatment was that “it’s up to the individual to decide since it is their risk”. This is
consistent with studies which have shown that social norms governing behaviour can
be explicitly undermined in the presence of sanctions so that subjects are free to
behave without recrimination (Cardenas et al., 2000). This undermining of social
norms may explain why the threat of penalties failed to result in a reduction in
extraction.
The results for the strong enforcement treatment were more promising from a
conservation perspective. High penalties were shown to reduce the number of fish
taken despite a relatively low probability of detection. On the surface this is
consistent with predictions from economic models that non-compliance of rules
decreases with severity of punishment (Keane et al., 2008). On closer inspection,
however, it is clear the treatment failed in the enforcement of the no-take rule since
the proportion of subjects who complied with the rule was actually lower than in the
control. In other words whilst, on average, subjects reduced their extraction, they did
not increase compliance. Consequently the high rate of sanctioning meant that
average payoffs did not increase despite increased cooperation.
5.1.2 Direct Incentives
Whilst a number of other studies have found evidence that financial incentives can
crowd out cooperative behaviour (Deci et al., 1999; Fehr & Gächter, 2000b) all of the
incentive treatments investigated bar the weak conditionality communal incentive
treatment resulted in reductions in the number of fish taken. There were three
important differences, however, in the effects of these treatments: variation over
time, interaction with group decision-making and susceptibility to the creation of
perverse incentives.
Ostrom (1990) stresses the importance of uncertainty in determining resource users’
behaviour in the context of CPRs, and the uncertainty in the way the incentives were
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awarded for the four treatments provides a plausible explanation for the observed
difference in variation over time.
For the externally allocated individual incentive treatment, participants faced two
types of uncertainty: the level of extraction that would qualify to be considered for
the incentive and whether or not they would be rewarded if they qualified. These
remained relatively constant throughout the treatment – on average the cut-off
number of fish changed by just 0.31 fish per round. For the internally allocated
individual incentive treatment there was no hard and fast rule with regards to how to
award the incentives. Since none of the groups discussed what type of behaviour
should be rewarded it was left to the individual to interpret. This uncertainty was
solved by four groups who independently opted for an equitable system in which
every group member received the incentive once.
The uncertainty for the communal incentive treatments resided in whether or not it
was possible to trust other members of the group. Berg et al. (1995) describe trust as
a ‘behavioural primitive’ which may govern behaviour by default but can be
overruled by self-interest. Such trust is vulnerable to opportunism on the part of
individuals who seek to exploit it (Ostrom, 1990). Consequently the success of a
group in maintaining trust was dependent on the strength of the social norms of
trusting others and in keeping commitments. An alternative route to success relied
on some group members taking fewer fish than the threshold, thereby compensating
for the potential self-interest of others. Such individuals reduced the effects of
defection at a cost to themselves in a manner similar to the behaviour exhibited by
the strong reciprocators described by Gintis et al. (2003).
For both of the individual incentive treatments the level of uncertainty faced by the
subjects remained relatively constant across the five rounds whereas for the
communal incentive treatments the uncertainty was highly variable depending on the
group response in other rounds. Consequently there were multiple trajectories
followed by different groups with some groups losing interest in the incentive
altogether. By placing the conditionality on the aggregate behaviour of the group,
subjects who were willing to abide by the conditions of the incentive were forced to
take more by the actions of others in their group. Implementing this type of scheme
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may therefore hold more inherent risk of losing cooperation in those who would have
cooperated if contracted on an individual basis. Similar concerns have been raised for
micro-lending schemes. For these schemes group-based transactions are common
place since they are thought to lower monitoring and enforcement costs (Karlan &
Giné, 2007). Besley and Coate (1995) provide evidence from a strategic model that
this approach may result in individuals who would have repaid their loans defaulting
after monitoring others default. Conversely, Karlan (2007) shows that group
monitoring and enforcement can improve repayment outcomes and that this effect is
strengthened by social connectedness.
The interaction of the incentive treatments with group decision-making indicates an
important distinction in the manner in which they individually encourage
cooperation. Several authors have emphasised the role of group self-determination in
helping to solve the commons dilemma (Wade, 1988; Ostrom, 1990, Baland &
Platteau, 1996) and it is this institutional characteristic which separates the incentive
treatments. The externally allocated individual incentive treatment had the lowest
group self-determination since the only opportunity for this was through the nonbinding group discussions. Any group identity which was formed through this
process risked being crowded out by the externally awarded individual incentives
(Fehr & Falk, 2002). Both the strong conditionality communal incentive treatments
had the same level of group self-determination resulting from the clear need to
cooperate to achieve the incentive. The internally allocated individual incentive
treatment had the highest level of self-determination since the power to award
incentives resided with the group and could be used to reinforce any decisions made.
The group decision-making was an opportunity for groups to activate particular
social norms such as promise-keeping (Biel & Thørgersen, 2007). Externally
awarding individual incentives resulted in the highest levels of defection of any
treatment, whereas internally awarding incentives and awarding incentives
communally resulted in the lowest levels (Table 4.12). Similarly, when decisions
were made for the three treatments with high levels of social cohesion, they resulted
in significant reductions in extraction unlike the externally allocated individual
incentive treatment (Table 4.8). This suggests that groups were able to successfully
exploit the institutional conditions to achieve higher levels of cooperation for
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treatments with high levels of group self-regulation. This is best illustrated by the
comparison of average payoffs for the internally allocated individual incentive
treatment with the individual payoff at the Pareto Optimum (Table 4.14).
One distinct advantage that the communal incentive treatments had over the two
individual incentive treatments was clarity over the required behaviour to receive
the incentive and, critically, a limit to acceptable behaviour as advocated by Baland
and Platteau (1996). One of the dangers of PES schemes highlighted by
commentators is that of perverse incentives (Pagiola et al., 2004). No mechanism was
put in place to prevent this from happening during the individual incentive
treatments. For the externally allocated individual incentive treatment there was no
limit on the cut-off number of fish and on 2 separate occasions there was no cut-off at
all since the majority of subjects took 10 fish. Similarly, for schemes where the
allocation of benefits is organised internally, there is a danger of benefit capture by
elite members of the community (Platteau, 2004). In the internally allocated
individual incentive treatment this risk was reduced by allowing everyone a vote
although, as the high proportion of people who voted for friends shows, this was not
always applied consistently. The high proportion of incentives that went to those
group members who took the lowest number of fish for the internally allocated
individual incentive treatment compared to the low proportion in the externally
allocated treatment suggests that accepting the risk of benefit capture may be
preferable to the inequitable rewarding of behaviour associated with imperfect
monitoring.
5.1.3 Hypotheses Summary
Table 4.15 summarises the level of support for each hypothesis.

5.2 Limitations
A number of methodological constraints to the study potentially limit the strength of
the conclusions drawn. The confounding effects of some of these were taken account
of through inclusion in the mixed effects statistical models.
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Hypotheses
H1

Support

Evidence

Individual extraction from a common pool resource is lowest for
incentive structures dependent on group self-regulation
Individual extraction from a CPR decreases for situations in which
there is opportunity for social disapproval and approval
Intrinsic motivation is crowded out by weak enforcement penalties,
increasing individual extraction from a CPR
Individual extraction from a CPR decreases with increasing
enforcement penalties
Group allocated individual incentives reduce individual extraction
relative to externally allocated incentives

supported

H6

Individual extraction from a CPR decreases if the conditionality of
incentives dependent on aggregate group behaviour is strengthened

supported

strong conditionality communal incentive treatments
found to have a greater reduction on the number of fish
taken (Table 4.6)

H7

Individual extraction from a CPR decreases with increasing incentive
value for incentives dependent on aggregate group behaviour

none

no significant difference in reduction in fish taken for
200 KHR and 400 KHR communal incentive treatments
(Table 4.6)

H8

Group decision-making reduces individual extraction from a CPR

supported

H9

Group decision-making is more successful for incentive structures
dependent on group self-regulation
Defection from a group decision is less frequent for incentive
structures dependent on group self-regulation
Group decision-making is more successful for groups containing a
greater number of individuals holding positions of authority

some
support
none

significant reduction in the number of fish taken when a
group-decision was made (Table 4.6)
groups in treatments with highest self-regulation were
most successful at reaching decisions (Table 4.11)
treatment added no explanatory power as a fixed effect
in a GLMM with defection as the response (Appendix 3)
the number of group members holding positions of
authority added no explanatory power to a GLMM with
decision as the response (Appendix 3)
significant increase in group decision-making success
found for the number of men in a group (Table 4.10)

H2
H3
H4
H5

H10
H11
H12

Group decision-making in the study area is more successful for groups
containing a greater number of men

none
none
supported
some
support

none
supported

strongest difference in the number of fish taken found
for treatments with highest self-regulation (Table 4.6)
no significant effect on the number of fish taken found
for the peer pressure treatment (Table 4.6)
no significant effect on the number of fish taken found
for the weak enforcement treatment (Table 4.6)
strong enforcement treatment found to have a greater
reduction on the number of fish taken (Table 4.7)
group allocated individual incentives found to have a
greater reduction on the number of fish taken (Table
4.6)

Table 4.15: Summary of the level of support for each hypothesis and the evidence for that support.
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Potentially the most serious limitation relates to the sampling of participants. Given
the nature of social experiments it is difficult to control for all factors which might
affect behaviour when subjects are known to each other. In this case there is
particular potential for relationships unknown to the experimenter to influence
cooperative behaviour. Ideally participants would have been randomly selected from
the village lists held by each of the local village chiefs. This was not possible since
most of the villagers were busy in the fields transplanting rice at a critical time in the
rice planting season. Consequently, village chiefs were asked to select participants as
described in Section 3.2. This system of sampling was open to extreme abuse,
particularly as participants stood to earn approximately 3 days’ wages. Subsequent
review of participant lists by WCS staff familiar with the villages suggests that in one
village, Narong, many of the participants were directly related to the village chief. It is
therefore likely that there was contamination between participants in this village.
The problem of contamination was not limited to direct relatives since all inhabitants
of the study villages are well known to each other. The results of all the statistical
modelling shows a significant effect of the day on which each observation was made
on extraction. If there was no contamination between players then it would be
predicted that the day should have no effect on behaviour. One of the issues of
contamination is that it can result in any number of different effects depending on
who gave advice, whether the person giving advice fully understood the games and
which games were played (Barr, pers. com.; Cardenas, pers. com.). This may explain
why the effects estimated in the models are not consistent across the three days in
which contamination could be a problem. In general, however, the effect of
contamination was for lower cooperation, i.e. participants took more fish and
invested less in group decision-making.
Another issue was that of individual learning. In this case there was a two-fold
problem due to the order in which participants played each treatment. The first of
these was the issue that the more players earned the marginal value of each decision
decreased and might therefore not be considered to the same extent as previous
decisions (Barr, pers. com.). Secondly, individual treatments might induce specific
learning effects which could affect behaviour in subsequent treatments despite a
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change of conditions. Both of these effects were accounted for in the mixed effect
statistical models.

5.3 Future Work
There will always be a need for sanctioning to protect against the behaviour of
opportunistic individuals (as illustrated by the extreme outliers in Figure 4.7).
Evidence from this project, consistent with other studies, shows that weak
enforcement is not sufficient to alter extraction behaviour in a CPR context. External
enforcement is also shown to reduce the effectiveness of self-determination of
extraction limits in the absence of other institutional controls on resource extraction.
Further work is required to investigate the effect of institutional mechanisms
designed to facilitate internal enforcement of rules and to examine the effect on
cooperation norms when enforcement measures are implemented in tandem with
different incentive structures.
Given the important role that group decision-making was shown to have on the
extraction behaviour of individuals, further work is required to investigate the
conditions which affect whether or not a decision is made. This should include
examination of the institutional conditions that could be used to facilitate the process.
The results of this study have highlighted that decision-making deteriorates over
time, but more information is required to be able to identify the conditions required
for successful decision-making with respect to initiating and maintaining a program
of CPR conservation.
This is particularly true for decision-making by sub-groups and leaders. The
importance of power groups and leadership in determining CPR extraction has been
discussed by several authors (Wade, 1987; Baland & Platteau, 1996; Ostrom et al.,
1999). As the number of people participating in decision-making increases, the
transaction costs increase, as does the opportunity for discussions to stall. During
many discussions only a portion of the group participated in the decision-making
process. This suggests that there is potential for analyses concentrating on the effects
of small sub-groups taking decisions for the rest of the group. One potential effect of
sub-group decision-making that might be expected is higher rates of defection due to
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feelings of isolation from the decision-making process. The relatively low defection
rate found during the study, despite the low participation in decision-making,
suggests that this might not be a problem. It would therefore be interesting to include
in the analysis a comparison between pre-defined sub-groups and spontaneous subgroups formed during the game. This could incorporate decision-making relating to
institutional conditions such as incentive structure as well as setting acceptable
extraction limits.
Finally, another aspect of interest for further investigation is the correlation between
extraction behaviour observed during the game and known extraction behaviour
from real-life, in the presence of different incentive structures. Several different
conservation-orientated incentive structures are currently implemented in the study
villages. A comparison of the response to the different institutional conditions
presented in the game between residents of the study villages and individuals not
exposed to such conservation schemes could be used to test for carry-over effects
into the game.

5.4 Recommendations
Consistent with the findings of many studies the results of this project show that
individual extraction from a CPR can be significantly reduced through the control of
institutional conditions. Examination of the various effects of the institutional
arrangements considered on both individual and group extraction behaviour
provides certain recommendations with respect to the implementation of
conservation incentive programs.
5.4.1 Self-Regulation
The three treatments which required the highest levels of self-regulation achieved
the greatest reductions in extraction, were among the treatments with the highest
rates of group decision-making and saw the lowest levels of defection once a group
decision had been made. This suggests that conservation projects aiming to resolve
the issues surrounding CPRs should seek to encourage the creation of local
institutions capable of regulating any proposed incentive scheme. Evidence from the
study suggests that groups are capable of overcoming the risk of elite capture of
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benefits and are potentially more efficient at rewarding cooperation than external
agents. Such local institutions should be encouraged to be transparent about how
incentives are awarded.
5.4.2 Self-Determined Limits to Behaviour
The importance of group decision-making was emphasised throughout the results of
the study. It was shown that reaching a group decision not only reduced extraction in
general but that it also had a significant effect on extraction for those institutions
requiring self-regulation. This suggests that conservation schemes should invest in
local institutions which enable resource users to agree limits to extractive behaviour.
Extraction limits set in this way would increase acceptance of rules through
activating fairness and promise-keeping social norms.
5.4.3 Group Thresholds
Evidence from the communal incentive treatments suggests that introducing group
thresholds, set well below average extraction rates in the absence of institutional
control, reduces CPR extraction. The approach is not without drawbacks as it risks
losing the cooperation of individuals who would have cooperated on an individual
basis. Conversely, tying incentives into aggregate group behaviour provides the
opportunity for individuals to compensate for the transgressions of others within
their group. In addition setting thresholds gives a clear, easy to understand
benchmark for behaviour and therefore any deviation from this benchmark is likely
to result in strong social disapproval from the deviant’s peers. There are certain
conditions which it is recommended should be fulfilled in order for this approach to
be successful:


Extraction limits should be set well below average extraction but should not be
set to zero as this will remove any possibility of compensation for minor
defections.



Groups should not exceed a size whereby monitoring of all individuals in the
group becomes prohibitively costly.



Group composition should be maintained as long as the groups are successful in
keeping within extraction thresholds since success reinforces cooperation.
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Group composition should be changed if groups consistently fail to keep within
extraction limits as this is the condition in which the loss of would-be
cooperators is most likely to occur.
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Appendix 1: Explanation Script
[Introductions]
Before I begin to explain the games I would like to make some general comments
about what we are going to do today. I will then explain the basic principles of the
games that we are going to play. After I have finished the explanation we will play a
short practice game to help you to understand the process and then I will take you
through four simple examples.
We will be playing games for cash. Any money that you receive in the games is yours
to keep and take home. This will be given to you at the end of the day. How much
money you receive is dependent on your behaviour within the games. The money for
these games has been supplied to undertake scientific research. If at any time you
find that this is something that you do not wish to participate in for any reason, you
are of course free to leave whether we have started the game or not.
You will all be given 4000 KHR as a thank you for coming today and to pay for your
lunch. This is separate from the money that you will receive from playing the games.
You will be given this at the end of the day.
It is important that when you are sitting in the group like this you do not discuss the
game or how you think you should play the game. Please feel free to talk amongst
yourselves but do not discuss the games themselves. This can spoil the game for
everyone. If it happens we may not be able to play the game with you today.
[If this is the second, third or fourth day of the games within the village add the
following:
“You are going to play a very different game than the games played before. If you
have heard comments about other games from people who have played games on
previous days, whatever they have mentioned might not apply today. If you follow
their advice you may end up earning less money than you could do so please just
listen to my explanation and play the game how you think best.”]
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As I said, we will be playing three games today. We will then ask you a couple of
questions individually about your thoughts on the day. We should be finished by
about 5pm. If you think you will not be able to stay that long please let us know now.
Each game follows the same basic principles which I will explain now. It is important
that you listen as closely as possible as you will need to understand how the games
work if you are to receive any money. We will run through a number of different
examples for you to help you understand how the games are played. If you have any
questions about how to play the games once they have been explained please put
your hand up and we will try to answer them.
I am now going to explain the game.
Explanation
In all the games we are going to play you will be in groups of 10 other people from
this village. In some games you will know who is in your group and in other games
you won’t. In each game there is a communal fish pond containing 100 fish from
which all your group will be able to harvest. You will be asked to individually decide
on the number of days that you wish to fish in a season. You can decide to harvest for
a maximum of 10 days and a minimum of 0 days. For each day that you decide to fish
you will harvest 1 fish for which you will receive 80 KHR. However, harvesting from
the pond reduces the number of fish in the pond. The number of fish left in the pond
at the end of the season is an indication of the future value of the pond to your group.
At the end of each season the number of fish left in the pond will be counted.
Everyone in your group will receive 12 KHR for every fish remaining. So, to
summarise, if a fish is left in the pond everyone in your group benefits but if a fish is
harvested only the person who harvested it receives any benefit.
[Use whiteboard to show value of fish to individual and fish in the pond.]
We will play each game for 5 seasons. The number of fish in the pond will be the same
for every season that we play no matter how the group behaved in previous seasons.
You will be asked to signal your choice by circling the number of days that you want
to harvest on the sheet of paper that you have in front of you. Please have a look at
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this sheet of paper now. As you can see there is a row for each season. Each season
has an option for you to select from 0 days harvesting to 10 days. Each fish
represents a day spent fishing. So if you want to spend 4 days fishing, circle four fish.
If you decide to spend 8 days fishing, circle 8 fish. If you decide to spend no days
fishing, circle the zero. [Holds up A3 example row.] The top row has been filled out for
you as an example to show how to select your choice. In this case you can see that 4
days harvesting has been selected. Once you have made your choice for the season
we will collect your paper so that we can calculate the total harvest for the group. We
will then tell you the total harvest for that season and tell you your individual
winnings for that season.
After we have played 5 seasons the game will end.
[Play practice round as per the control]
You should all now have a completed practice round sheet. As you can see we have
filled out the two boxes at the end of the row. The number in the first box is the total
number of fish taken out of the pond by your group. So this is the number of fish
circled by each member of your group all added up together. The second number is
the money that you receive from the round. Now remember that this is a practice
round so the money in that box won’t go towards your earnings at the end of the day.
We calculate this number by giving you 80 KHR for each of the fish you have circled.
We then give you 12 KHR for each of the fish left in the pond after every member of
the group has taken fish out.
I will now take you through four simple examples to show you the range of behaviour
possible:
Example 1: All members take 0 fish – payoff = 1200 KHR
Example 2: All members take 10 fish – payoff = 800 KHR
Example 3: 9 take 10 fish/1 takes 0 fish – payoff = 920/120 KHR
Example 4: 1 takes 10 fish/9 take 0 fish – payoff = 1880/1080 KHR
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Appendix 2: Result Sheet
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Appendix 3: Model Selection Tables
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Base Model
Response variable: fish
Model
1

Fixed Effects
treatment, season, education, literacy, age, decision, gender, head, day, position,
previous
treatment, season, education, literacy, age, decision, gender, head, position, day,
game
treatment, season, education, literacy, age, decision, gender, head, position, day

Random Effects
village / session / group + individual

Obs
4745

DF
36

AIC
13795

LR
na

LR (P)
na

village / session / group + individual

4745

28

13808

na

na

village / session / group + individual

4745

27

13808

na

na

village / session / group + individual

4745

33

13800

na

na

5
6
7
8
9
10
11
12
13

treatment, season, education, literacy, age, decision, gender, head, position,
previous
treatment, season, education, literacy, age, decision, gender, head, day, previous
treatment, season, education, literacy, age, decision, gender, day, previous
treatment, season, education, literacy, age, decision, day, previous
treatment, season, education, literacy, age, gender, day, previous
treatment, season, education, literacy, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, decision, gender, day, previous
treatment, education, decision, gender, day, previous
season, education, decision, gender, day, previous

village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual

4745
4745
4745
4745
4745
4745
4745
4745
4745

35
34
33
33
33
32
31
28
24

13793
13792
13796
14134
13790
13789
13791
14090
13799

na
na
na
na
na
na
na
na
na

na
na
na
na
na
na
na
na
na

14
15
16
17
18
19
20
21
22
23
24
25
26
27

treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous
treatment, season, education, decision, gender, day, previous

village
village / day
village / session / group
village / day + individual
village / group
village / group + individual
village + individual
day
session / group
session / group + individual
day + individual
group
group + individual
individual

4745
4745
4745
4745
4745
4745
4745
4745
4745
4745
4745
4745
4745
4745

29
30
31
31
30
31
30
29
30
31
30
29
30
29

18444
17995
16490
14775
16490
13788
14810
18002
16499
13797
14783
16535
13832
14958

10 : 14
10 : 15
10 : 16
10 : 17
10 : 18
10 : 19
10 : 20
10 : 21
10 : 22
10 : 23
10 : 24
10 : 25
10 : 26
10 : 27

< 2e-16
< 2e-16
< 2e-16
< 2e-16
< 2e-16
0.2154
< 2e-16
< 2e-16
< 2e-16
0.0015
< 2e-16
< 2e-16
5e-11
< 2e-16

2
3
4

Fitted model: fish ~ treatment + season + education + decision + gender + day + previous + (1 | village / group) + (1 | individual)
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Control Model
Response variable: fish
Model
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11

Fixed Effects
season, education, literacy, age, gender, head, position, day, previous
season, education, literacy, age, gender, head, position, day, game
season, education, literacy, age, gender, head, position, day
season, education, literacy, age, gender, head, position, previous
season, education, literacy, age, gender, head, day, previous
season, education, literacy, age, gender, day, previous
season, education, literacy, age, day, previous
season, education, literacy, day, previous
season, education, day, previous
season, day, previous
day, previous

Random Effects
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual

Obs
1585
1585
1585
1585
1585
1585
1585
1585
1585
1585
1585

DF
24
20
18
15
23
22
21
20
19
18
14

AIC
3532
3649
3538
3539
3530
3529
3530
3530
3529
3528
3681

LR
na
na
na
na
na
na
na
na
na
na
na

LR (P)
na
na
na
na
na
na
na
na
na
na
na

C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25

season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous
season, day, previous

village
village / day
village / session / group
village / day + individual
village / group
village / group + individual
village + individual
day
session / group
session / group + individual
day + individual
group
group + individual
individual

1585
1585
1585
1585
1585
1585
1585
1585
1585
1585
1585
1585
1585
1585

15
16
17
17
16
17
16
15
16
17
16
15
16
15

5839
5767
5679
3526
5678
3526
3524
5779
5691
3539
3537
5701
3549
3570

C10 : C12
C10 : C13
C10 : C14
C10 : C15
C10 : C16
C10 : C17
C10 : C18
C10 : C19
C10 : C20
C10 : C21
C10 : C22
C10 : C23
C10 : C24
C10 : C25

< 2e-16
< 2e-16
< 2e-16
0.9998
< 2e-16
0.9998
> 0.9999
< 2e-16
< 2e-16
0.0003
0.0014
< 2e-16
3e-10
2e-10

C17 : C18
C15 : C18

0.9995
0.9995

Fitted model: fish ~ season + day + previous + (1 | village) + (1 | individual)
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Decision Model
Response variable: decision
Model
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12

Fixed Effects
treatment, seasons, education, literacy, men, heads, age, positions, day, game
treatment, seasons, education, literacy, men, heads, age, positions, day, previous
treatment, seasons, education, literacy, men, heads, age, positions, day
treatment, seasons, education, literacy, men, heads, age, positions, game
treatment, seasons, education, literacy, men, heads, age, day, game
treatment, seasons, education, literacy, men, heads, day, game
treatment, seasons, education, literacy, men, day, game
treatment, seasons, education, literacy, day, game
treatment, seasons, education, men, day, game
treatment, seasons, men, day, game
treatment, men, day, game
men, day, game

Random Effects
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group
village / session / group

Obs
315
315
315
315
315
315
315
315
315
315
315
315

DF
25
32
21
24
24
23
22
21
21
20
16
12

AIC
378.8
381.5
382.5
384.3
376.9
375.4
374.6
377.5
373.6
372.2
392.0
370.3

LR
na
na
na
na
na
na
na
na
na
na
na
na

LR (P)
na
na
na
na
na
na
na
na
na
na
na
na

N13
N14
N15
N16
N17
N18

seasons, men, day, game
seasons, men, day, game
seasons, men, day, game
seasons, men, day, game
seasons, men, day, game
seasons, men, day, game

village
village / day
village / group
day
session / group
group

315
315
315
315
315
315

10
11
11
10
11
10

404.3
402.2
368.3
400.2
368.3
366.3

N12:N13
N12:N14
N12:N15
N12:N16
N12:N17
N12:N18

6e-9
6e-9
> 0.9999
4e-8
> 0.9999
> 0.9999

N18:N15
N18:N17

0.9999
> 0.9999

Fitted model: decision ~ season + men + day + game + (1 | group)
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Defection Model
Response variable: defection
Model
D1

Random Effects
village / session / group + individual

Obs
1858

DF
34

AIC
1814

LR
na

LR (P)
na

village / session / group + individual

1858

27

1817

na

na

village / session / group + individual

1858

26

1815

na

na

D4
D5
D6
D7
D8
D9
D10
D11
D12
D13

Fixed Effects
intervention, season, education, literacy, age, gender, head, position, proposal,
day, previous
intervention, season, education, literacy, age, gender, head, position, proposal,
day, game
intervention, season, education, literacy, age, gender, head, position, proposal,
day
intervention, season, education, literacy, age, gender, head, position, proposal,
intervention, season, education, literacy, age, gender, head, position, day
intervention, season, education, literacy, age, gender, head, proposal, day
intervention, season, education, literacy, age, gender, proposal, day
intervention, season, education, literacy, age, proposal, day
intervention, season, education, literacy, gender, proposal, day
intervention, season, education, gender, proposal, day
intervention, season, gender, proposal, day
intervention, gender, proposal, day
season, gender, proposal, day

village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual
village / session / group + individual

1858
1858
1858
1858
1858
1858
1858
1858
1858
1858

23
25
25
24
23
23
22
21
17
14

1821
1899
1816
1816
1821
1814
1812
1813
1858
1812

na
na
na
na
na
na
na
na
na
na

na
na
na
na
na
na
na
na
na
na

D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D26
D27

season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day
season, gender, proposal, day

village
village / day
village / session / group
village / day + individual
village / group
village / group + individual
village + individual
day
session / group
session / group + individual
day + individual
group
group + individual
individual

1858
1858
1858
1858
1858
1858
1858
1858
1858
1858
1858
1858
1858
1858

11
12
13
13
12
13
12
11
12
13
12
11
12
11

2019
1989
1853
1935
1852
1811
1947
1987
1852
1810
1933
1853
1810
1961

D13:D14
D13:D15
D13:D16
D13:D17
D13:D18
D13:D19
D13:D20
D13:D21
D13:D22
D13:D23
D13:D24
D13:D25
D13:D26
D13:D27
D19:D26
D23:D26

< 2e-16
< 2e-16
4e-11
< 2e-16
2e-10
0.3287
< 2e-16
< 2e-16
3e-10
0.5593
< 2e-16
4e-10
0.2593
< 2e-16
0.1864
0.1246

D2
D3

Fitted model: defection ~ season + gender + proposal + day + (1 | group) + (1 | individual)
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