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Introduction

When forest-derived greenhouse gas emissions are avoided, the benefits are felt worldwide, but
the cost of reduced availability of forest resources is highly localized. Performance-based incentives,
known as payments for ecosystem services (PES) are potential mechanisms to compensate local
resource users for the costs they incur by changing their land use and forest management practices. In
recent years, PES has emerged as a central mechanism to the ‘reducing emissions from deforestation
and forest degradation’ (REDD+) concept to motivate forest management and conservation actions at
local and national levels (Pattanayak et al. 2010; Engel et al. 2008). However, research into how best to
deliver payments and whether schemes have a lasting post-incentive effect (either positive or negative)
on the forest condition or user motivation is in its infancy (Wunder 2013). In this paper, we use a forest-
framed field experiment to address these questions in the context of shifting cultivation landscapes in
rural Lao PDR.

A key component of the design of any PES program is how to deliver benefits to local users.
Direct cash payments are perhaps the simplest option, but payment in kind, insurance against crop
failure, payments indexed to agricultural prices, and access to credit are other possibilities (Engel et al.
2015; Wong 2014; Chantharat, 2011; Pham 2013; To, 2012). Some schemes follow a combination of
these options. A further dimension is whether to condition payments on individual-level behavior or to
rely on a group-level metric, for instance the aggregate performance of a group of or a village (Alston et
al., 2013; Loft et al., 2014). Empirical and experimental evidence about which of these options most
effective is mixed (Narloch et al., 2012).

PES schemes are often criticized out of concern that they could replace resource users’ intrinsic
motivation to conserve resources with a mercenary attitude focused only on benefits derived from the
scheme (Vatn, 2010; Muradian et al., 2013), a process commonly known as ‘crowding out’ (Frey and
Jegen, 2001). Crowding out would have consequences for the long-term ability of PES to achieve policy
goals. Once incentives end, for instance when funding or political will for a project runs out, targeted
resource users may no longer have any reason to conserve, leading to poorer outcomes than before the
program began. Indeed, some evidence shows this happening in experimental and real life settings
(Cardenas et al., 2000; Frey and Jegen, 2001). However, it is equally plausible that external incentives



would reinforce or even strengthen pre-existing motivations. This outcome, known as ‘crowding in,” has
also been observed in some experiments(e.g. Narloch et al, 2012; Lopez et al., 2013; Arriagada et al.
2015). A theory of when and where crowding out or crowding in is expected is not yet well articulated.

Careful tailoring of incentives is crucial when ecosystem-use practices to be incentivized are
central to local people’s livelihoods and cultural practices. In this study, we examine the impacts of
different incentive types in the context of shifting cultivation, also known as ‘swidden.” Swidden is
practiced in most tropical regions worldwide (Barrera-Bassols and Toledo, 2005; Styger et al., 2007;
CITATIONS) and is a vital source of food for millions of people (Minang et al., 2014). lts practitioners are
frequently disadvantaged minority peoples with traditional land and resource rights that are recognized
by themselves and their neighbors, but not always by the government Mertz et al. 2009; Padoch et al.
2007). However, misconceptions are common and swidden is often perceived as a driver of
deforestation and a backward practice associated with low productivity and poverty, in spite of
abundant evidence that management of dynamic forest and agriculture mosaics in a swidden landscape
can maintain and enhance biodiversity and environmental services (Rerkasem et al. 2009, Ziegler et al.
2013, Magnuzsewski et al., 2015). In this context, PES incentives must be carefully targeted to reduce
emissions while preserving livelihood provision and cultural practices.

In this study we implement a new framed field experiment in four swidden-practicing
communities in northern Laos. We assess potential mechanisms for PES payments for their direct
impacts and their potential for long-term behavior change (crowding in or crowding out). The game’s
dynamics reflect the reality that many rural people cannot completely eliminate their dependence on
forests for shifting cultivation, but might reduce the intensity of their forest use if provided with
assistance to manage environmental unpredictability. It also reflects the reality that incentive programs
eventually end, and measures how players respond in a post-incentive period. We specifically test three
different mechanisms to deliver PES: individually-directed payments (IP), group-based payments (GP)
and insurance (INS). To our knowledge, no previous study has compared these PES mechanisms and
their post-incentive efficacy in the context of shifting cultivation. Here, we seek to answer the following
questions:

(1) Do individually-delivered payments, group-directed payments, or insurance better motivate
changes in resource use patterns?

(2) Do the above PES mechanisms leave lasting changes in resource use patterns after incentive
programs end?

(3) Do players’ communication, motivation and perceived fairness of the games explain outcomes
of the different mechanisms?

(4) How do individual-level attributes like age, leadership, resource dependence and education
affect participation in PES schemes and their lasting effects after incentives end?

Our findings show that direct payments are more effective than insurance, and that group-level
payments give better outcomes during the treatment rounds than individual payments. However, the
lasting effect was minimal for all mechanisms, with neither crowding-out nor crowding-in observed.
These results may be partially explained by increases in communication among the players and



perceptions of fairness during the GP treatment; individual socio-economic traits had little apparent
relation to within-game performance.

Methods

We address the questions outlined above with a framed field experiment in which groups of 8
participants made decisions about how much land to cultivate in a stylized forest sized to accommodate
100 potential agricultural plots. As in real-world shifting cultivation, the participants used a new area of
forest in each round. In each round, each player chose how much to cultivate, with an upper limit of 10
patches per round. The players’ earnings increased with the number of plots they cultivated, but
decreased with the total number of plots used by the entire group. Earnings further depended on
whether randomly generated rainfall was abundant or poor. An example of these calculations can be
seen in Figure 1. The game was implemented in four rural communities in Phonxay District,
Louangprabang Province in the Lao Peoples Democratic Republic. In each village, we conducted three
games sessions with separate groups of 8 players In each session, we tested one of three PES
mechanisms: a direct payment for moderating harvest levels known as the ‘individual payment’ (IP), a
payment to each group member if the entire group moderated cultivation — the ‘group payment’ (GP,)
and insurance against poor rainfall (INS). The game was divided into three stages: pre-incentive,
incentive and post-incentive. The pre-incentive stage served as a baseline against which to measure two
different effects, (1) the ‘incentive effect’, or the difference between pre- and during-incentive
agricultural land use, and (2) the ‘lasting effect’, the difference between pre- and post-incentive land
conversion (Figure 2). At the end of the experiment, all players were compensated with tangible goods
proportioned to their in-game earnings.

Because the primary goal of this research was to assess the relative effectiveness of different
PES interventions, the treatments were balanced so that they had identical harvesting levels to achieve
the social optimum or Nash equilibrium, and identical expected payouts at the Nash equilibrium, and
nearly identical expected payouts at the social optimum. The INS treatment had a social-optimal payout
4.3% higher than the GP and IP treatment. For practical reasons discussed in the supplement, perfectly
identical expected payouts at the social optimum were not possible. This balance had the added benefit
of ensuring equal earning opportunity among participants in the different treatments.

To provide additional information on interactions among the players, two people made
independent observations according to a fixed protocol. These observations included several variables
rated on an ordinal scale from 0 to 3, including how much players talked, both overall and specifically
about topics like how much to harvest, how to maximize their payouts, criticism for overharvesting, or
praising others’ actions. The protocol also included an assessment of whether the group had a leader,
and if so who that was. In addition to their data collection duties, the observers also helped players with
their calculations and completion of score sheets as needed. Following the game, players were asked to
respond to a short survey about their goals and decision-making process during the game. These
included a question about whether the player was motivated by the incentive, and another about
whether they perceived the incentive as fair. They were also asked how much time they spent in real-
life forests. In addition to this information, we had demographic data about players (age, wealth,



education, sources of livelihood, etc.) from a separate survey team that had visited the villages in the
two weeks before the games took place.

Additional details of payouts under different scenarios, a fuller outline of the experimental game
and analytical methods are found in the Supplemental Information.

Results

Pre-incentive (baseline) cultivation averaged 6.64 patches per round per participant (Figure 3A).
This value is significantly higher than the social optimum of 6 (Mann-Whitney test, p=.0037), but still
much closer to the cooperative optimum than to the Nash equilibrium of 10. As expected, during the
pre-incentive stage there was no observed difference in cultivation among the incentives (Kruskal-Wallis
test, p=.308). During the incentive stage, cultivation decreased for all PES schemes (Figures 3A, 3B). For
the GP and IP incentives this effect was statistically strong (Mann-Whitney test, p<.0001 (GP) and
p=.0004 (IP). However, for the insurance incentive, the effect was minimal (Mann-Whitney test,
p=.326). These effects differed significantly from one another (Kruskal-Wallace test, p=.0005), with the
GP and IP incentives showing a bigger effect than the insurance incentive (Figure 3C). While the PES
incentive was in place, cultivation under the GP incentive was statistically indistinguishable from the
cooperative optimum of 3 (Mann-Whitney test, p=.11), but the IP and INS incentives cultivation was
significantly higher than this value (Mann-Whitney test, p<<.05). During the post-incentive stage,
cultivation rates showed a rebound to levels similar to the pre-incentive stage; the lasting effect was
minimal in all cases (Figures 3B, 3D). The GP incentive showed a trend toward lasting reductions in
cultivation, but statistical evidence for this observation was equivocal (Mann-Whitney test, p=.1416).
The IP and INS incentives’ lasting effects were even closer to zero (Figure 3D; Mann-Whitney test,
p=.387 (IP), p=.765 (INS)). The incentives’ lasting effects did not differ significantly from one another
(Kruskal-Wallis test, p=.255). Cultivation under all incentives was in the vicinity of the Pareto optimum
of 6, however all groups were marginally different from this value (Mann-Whitney test, p=.109 (GP);
p=.022 (IP); p=.071 (INS)). Although equitable use of the forest resource occurred sometimes, the
harvesting decisions frequently deviated from the group mean decision for a given round across all
treatments (Figure 3D).

Observations of the participants showed consistent decreases in communication among
participants over the course of the experiment in the IP and INS incentives (Figure 4A). However, the GP
incentive showed an uptick in communication during the incentive rounds (Figure 4A). Within
experimental stages there was no discernable difference in communication among the incentives with
the exception of the GP incentive during the incentive stage (permutation tests, p<.05). Participants in
the GP incentive reported both significantly greater motivation (Figure 4B) and perceived fairness
(Figure 4C) relative to the IP and INS incentives (exact binomial tests, p<.05).

Individual-level covariates (age, gender, years of education, land owned by one’s family, the
amount of time spent in the forest in the past month and observed in-game leadership) showed very
little relationship with harvesting levels. When absolute pre-treatment harvesting decisions were used



as the response variable, only time spent in the forest had a significant (and positive) predictor.
However, when controls for villages were added to the model, this relationship fell away, apparently
due to lower than average cultivation decisions in a villages whose inhabitants also spend less time than
average in the forest. Cultivation decisions relative to other players in the same game showed no
significant relationship with any of these variables (full results not shown).

Discussion

This research has demonstrated that a simple framed experiment can reveal differences in how
residents of shifting cultivation communities change their behavior in response to different incentive
structures. Overall, the participants from these four villages showed a relatively high level of
cooperation. In no instance did any group fully defect to the Nash equilibrium strategy (cultivation of
the maximum possible amount by all players). That group-level averages of cultivation were so close to
the Pareto expectation in most stages and incentives (Figure 3B) is remarkable. However, these mean
outcomes mask the substantial variation among players’ decisions (Figure 3A), which show that free-
riding did indeed take place in spite of seemingly cooperative group-level results. Our results show that
resource user responses to incentives are not simply a function of potential financial gain. The payoff
structures of the three incentive schemes were quite similar, particularly in the case that players were
cooperative. However, our results showed that a lump-sum payment that depended on group-level
choices (GP) was more effective than an otherwise identical payment that required only an individual-
level reduction in cultivation (IP). In turn, both of these direct payment incentives were better than an
insurance incentive (INS) which yielded no discernable change in cultivation practices.

That a group-level payment was more effective than an individual-level payment is congruent
with some, but not all, related research. Intra-group dependency is a factor promoting successful
common pool resource management outcomes (Frey and Rusch, 2013). By introducing a dependency
among the players, a group payment increases the loss inflicted on others when a player defects from
the cooperative strategy without increasing the benefit to the free-rider. It is possible that this dynamic
is behind the observed increase in discussion observed when the GP incentive is in effect and the
increased motivation reported in post-experiment surveys. It is less obvious how this dynamic would
lead to the greater perceived fairness of the GP treatment except through indirect pathways, for
instance if increased communication led to better outcomes which the players in turn perceived as fair.
Alternatively, the GP treatment may have succeeded simply by signaling to players that this is a group
activity and that they should work together, an interpretation that would also be consistent with the
increased communication seen during the GP rounds. Regardless of the particular explanation, it is
important to note that at least one experimental study has found the opposite of this result. Narloch et
al. (2012), using an agriculture-framed common pool resource game in the highlands of Peru and Bolivia,
found that individual rewards promoted conservation action more effectively than group rewards. The
immediate reason for these contrasting results is not clear. Many different factors have been shown to
affect the cooperation of users in both real-world (Ostrom, XXXX) and game-based (CITATION) resource
allocation dilemmas, making it difficult to speculate about the cause of these contrasting outcomes.



Why the insurance incentive was ineffective is not immediately clear. In theory, it provides
nearly identical expected benefits to the direct payout incentives. Part of the problem may be the
relative unfamiliarity of insurance to rural Lao residents, a situation that the Lao PDR government aims
to change (Lao PDR Ministry of Agriculture, 2010). Further, the relative complexity of this incentive,
combined with the low numeracy of many players, could mean that the benefits of this instrument were
not apparent to many of the participants. Indeed, some case studies suggest that complexity of
institutions and incentives can lead to confusion and indifference on the part of participants (e.g.
Scheberle, 2000). This result does not mean that insurance cannot be an effective incentive for shifting
cultivators, but it does suggest that additional effort is necessary to help participants understand
insurance programs. Games like ours may be helpful training tools for this purpose

In spite of the significant incentive effect for the direct payout groups, it is important to note
that no treatment showed an unequivocal lasting effect once the incentive program ended. That the
group payment incentive came the closest to providing a lasting impact is tantalizing, but ultimately an
inconclusive result, illustrating the difficulty of achieving lasting impacts from projects that have a finite
time-frame and budget. However, this result should not be viewed in an entirely negative light. While
no treatment had a clear lasting reduction in cultivation, neither did any treatment lead to a lasting
increase in cultivation. We saw absolutely no evidence of crowding out in this study.

Reduced dependence on forest for shifting cultivation could result in more forests and fallows
within the landscape via two non-exclusive routes. One is less land dedicated to shifting cultivation, and
hence more land reserved for forest or other uses (land sparing). The second is less frequent rotation,
and hence an older average age of fallows. Both mechanisms would bring benefits for carbon
sequestration, biodiversity and other ecosystem services. While our game does not address these
possibilities, both are consistent with our results.

As in all game based studies, the question of real-world validity of results is difficult to
definitively address. That players who visit real forests less also harvest less in the context of the game
is suggestive of behavioral validity of the experiment (sensu Handberg and Angelsen, 2015), although
due to the covariance of these variables among villages this finding is not completely statistically
conclusive. These findings suggest some application to real-world settings, not just where shifting
cultivation is practiced, but anywhere rural resource users are the targets of incentive programs.
Certain features may be predictive of success, particularly simplicity of incentives and intra-group
dependence. The details of how the reductions in harvesting seen in the game would play out in
practical applications are beyond the scope of this study. Regardless, these findings show that swidden
communities are fully capable to participate in incentive programs designed for more sustainable forest
and land use management through collective decision-making. The potential adaptation of the
incentives within the dynamism of their actual land use practice remains to be seen and warrants
further social-ecological research to understand how these incentives can sustain provision of
ecosystem services from these landscapes over the long-term.

Detailed Methods



The framed field experiment

We designed an appropriation experiment centered around a shared group resource (framed as
a forest used for shifting cultivation) in which players get private benefits from extracted resources, but
as a group they gain from the units of the resource left untouched. However, unlike previous linear
appropriation games (Travers et al., 2011; Blanco et al., 2015; Lopez et al., in prep) players were not paid
directly for unharvested resources. Rather, the value of extracted resources (cultivated plots) was
proportional to the amount of un-extracted resource (intact forest). This dynamic reflects some real-
world characteristics of shifting cultivation; no harvest is possible if no land is planted, but over-use of
land can reduce the yield of cultivated areas. The game consists of 24 rounds (each analogous to an
agricultural season), separated into three eight-round stages. A new forest area is used for cultivation in
each round, so there are no historical effects of decisions in previous rounds.

Each group is composed of eight members of the study village who were selected with the aim
of including those who practice shifting cultivation and balancing male and female and otherwise
representing the diversity (age, ethnicity, etc.) of the village. However, practical considerations did not
always allow groups that were as well-mixed as we would have desired. The group shares a common
forest containing 100 patches that can potentially be cleared and farmed. Open communication among
the players is allowed throughout the game. Participants are told at the beginning that there are no
neighbors who may encroach or steal from their land, and no government or other authority to impose
restrictions on them. Each participant must decide how many patches of forest to clear and plant with
crops, with a lower limit of 0 and an upper limit of 10. Each player’s total income is the product of three
factors: how many patches he/she cultivates, the number of patches left untouched by the group as a
whole, and randomly generated weather. Figure 1 in the main text shows an example harvest
calculation.

To compute the number of un-cultivated patches, the eight players’ individual cultivation
decisions are summed and subtracted from 100 (the total number of patches in the forest). The
maximum group-level cultivation is 80 patches (10 patches x 8 players), ensuring that a minimum of 20
patches are left uncultivated in each round. This also ensures players a minimum per-patch harvest
from their cultivation. The dependence of per-patch agricultural productivity on un-cultivated forest is
explained in terms of ecosystem services; the un-cut forest provides services such as watershed
protection, landslide prevention and pollination that increase the productivity of farmed patches. This
mechanism sets up a tradeoff between individual cultivation (more patches cultivated mean increased
harvest) and group cultivation (more patches cut means reduced ecosystem services and thus decreased
harvest). The final factor affecting cultivation yield is unpredictable weather. This factor mimics the
real-world concerns of shifting cultivators, and adds an element of chance needed for the insurance
incentive (described below). Weather was announced at the end of each round. In the case of poor
rainfall, players’ scores for the round remained unchanged. With good rains, the scores were multiplied
by three.

The game is structured in three stages to measure baseline behavior, the direct impact of
incentives, and the lasting effect of incentives (either positive or negative) after they are removed. In



the first eight rounds (stage 1) the game is played exactly as described in the previous paragraphs; there
is no institution in use to manage the CPR other than what the players arrange among themselves. At
the beginning of stage 2 (rounds 9-16), the moderator explains that an outside organization interested
in forest conservation has made an offer in exchange for certain harvesting patterns. This ‘offer’ is one
of the three incentives described below. In the third and final stage the incentive ends and the game
proceeds as in the first stage.

During stage 2 of the game, one of three possible incentives is implemented. These are designed
to assess the responses of shifting cultivation-dependent people to PES interventions. The incentives
are a payment offered for individual limitation of cultivation (individual payment — IP), a payment
dependent on group-level cultivation decisions (group payment — GP) and insurance against weather-
related crop failures (insurance — INS).

Under the IP incentive the organization pays each player 200 points per round if he or she
cultivates no more than three patches during that round. This bonus is paid regardless of the decisions
of the other participants or the weather. The GP incentive works the same as the IP, except that the
payment is only made if the entire group cultivates no more than 24 patches for agriculture. If the 24
patches are equitably distributed, then each player can cultivate three patches and still receive the
bonus. However, whether the payout is made does not depend on equity; the organization will pay 200
points to each participant regardless of their individual decisions as long as the group total cultivation
does not exceed 24 patches. The INS incentive offers players a buffer against unpredictable weather.
This incentive functions at the individual level. Each player who cultivates no more than three patches
receives an effective guarantee of good weather. If the randomly-generated weather is good, then the
player receives only the standard payout from cultivating and harvesting crops. However, if the weather
is poor, the player receives a payout equivalent to the difference between their actual harvest and the
amount they would have harvested had the weather been good. This effectively means their total
payout for the round is tripled. Players who cultivate more than three patches receive whatever harvest
results from their planting, but do not receive any insurance payout in the event of poor weather.

The game is designed so that the payouts at the cooperative social optimum are virtually
identical across incentives. For the control rounds (stages 1 and 3), the Pareto optimum was to cultivate
six patches per participant. This gives an expected payout of 624 points per player-round (312 points
under bad weather, 936 points with good weather; the two weather outcomes are equally likely). Thus,
under perfectly cooperative play, a player could expect to earn a total of 9,984 points during stages 1
and 3. Optimal payouts were designed to be similar among the three types of incentive rounds. Under
the GP incentive, cultivation of three patches per person led to the highest group-total earnings, of 656
points per round (428 under bad weather, 884 with good weather). The IP incentive also had a near-
optimum with the same earnings as the GP incentive when three patches were cultivated per person; no
higher equally-shared earnings are possible. However, IP incentive had a cryptic optimum with slightly
higher total earnings, but with substantial inequality among players. This optimum consisted of three
players cultivating the maximum of 10 plots and all others harvesting 3. Under this scenario the players
harvesting 10 would earn an expected 1100 points, and those harvesting three would earn 530 points,
for a group-level mean of 743.75 points/player. However, in the field, the players never discovered this



optimum. Under the insurance incentive, the social optimum was cultivating three patches per person.
This led to an expected payout of 684 points per round which was the same regardless of good or bad
weather. Under the control and all three incentives the Nash equilibrium was cultivation of 10 patches
per player. In all cases this led to expected earnings of 400 points per round (200 under bad weather,
600 under good weather).

Free riding was also a possibility in this game. If all players cooperated but one, the payout
under average weather in control rounds for a free-rider cultivating 10 patches was 960 points/round,
with the income of cooperating players (who still cultivated 6 plots) reduced to 576 points. In the
incentive rounds the potential benefit of free-riding was even greater. Under the INS incentive, a free-
rider cultivating 10 patches would receive 1380 points, while the seven cooperating players cultivating 3
patches would receive 621 points. With the IP incentive, the free-rider would also receive 1380 points
and the cooperators 614 points per round. This gap was larger in the GP incentive due to the loss of the
bonus payment by all players if anyone defected; the free-rider still earns 1380 points, but the
cooperators earn only 414 points under average weather.

Game implementation

The game was implemented in four villages (described above) during January 2015. In each
village, the game was played with three distinct groups of eight people. The field team worked with
village leaders to ensure that close relatives were not included within any of the groups. The game was
held in a public place, often a school or a community hall. The team that implemented the game was
the same in all communities and was composed of one moderator (female) and two observers (both
male) who also helped less literate participants fill in their score sheets. The game team was trained in
English, but they then practiced running the game in Lao before the field implementations. All field
implementations were in the Lao language. Although some players were native speakers of other
languages, all understood and spoke Lao well. During the activity, players were seated in a circle, spaced
so they could easily speak to one another, but so they could not easily see what is written on one-
another’s score sheets. If players attempted to look at others’ score sheets or display their own, they
were gently but firmly told not to do so. The game typically took 1.5-2.5 hours to play, not counting the
post-game survey; the slower groups were generally those who required more assistance with score
sheets.

Instructions were communicated aloud to all participants in each stage of the game. The first
two stages were preceded by three practice rounds each which give participants practical examples so
they better understood the mechanism of the game. During the three stage 1 practice rounds, the
players were instructed to cultivate 3, 7 and 10 patches respectively. In the three stage 2 practice
rounds, the moderator told the players to cultivate 2, 3 and 4 patches respectively. In case of questions,
the question and answer were explained to all participants. Participants’ decisions were made in secret
by marking the number of patches cultivated on a slip of paper. This slip represents all possible
decisions (from 0 to 10 patches harvested) both in numbers and visually to help players who may not be
familiar with written numbers. The moderator summed up the individuals’ decisions and announced
them publicly. In each practice round, the moderator told the players how many patches of forest to



clear and cultivate, and checked to see that they fill out their decision slips and score sheets correctly.
The harvesting levels in the practice rounds are chosen to bracket the group-level harvesting optimum
and help the players to discover this without directly giving it away.

Each stage used a separate score sheet to reduce confusion during introduction and removal of
incentives. Players fill out the score sheets themselves, but the moderator and observers check to
ensure that they are filled out correctly and honestly. In the field no attempts at cheating were seen,
but many participants with low education levels, particularly the elderly, needed assistance tallying their
scores. Occasional mistakes were discovered during data entry, however these mistakes had minimal
impact on the overall results.

Randomly-generated weather was announced at the end of each round, after cultivation
decisions were submitted and the group-level harvest announced. To generate the weather outcome,
the moderator placed her hands behind her back with a piece of candy in each of her hands. One candy
had a blue wrapper, representing abundant rain, and the other a brown wrapper, representing failure of
rain and a poor harvest. The moderator offered her two closed hands to a participant who chose one. If
the chosen hand contained the green candy, all participants multiplied their base harvest (the product
of patches cultivated individually and patches left un-cultivated by the group) by three. In the next
round, the next player to the right made the selection, working around the circle so that all players
participated equally.

To give the players an incentive to take the game seriously and try to optimize their decisions
players were given rewards proportional to their points earned. During the initial instructions it was
explained to the players that the points earned during the 24 game rounds (practice rounds were
excluded from earnings) would be redeemed for rewards at the end of the game. The rewards were 120
gram packets of laundry washing powder. Before the game it was explained that every 2000 points
earned in the game was equivalent to one packet. To emphasize the tangible rewards, a case of the
packets was left visible on the floor during the game. These values were always rounded up to the next
full packet; for instance, a player earning 8,463 points would receive 5 packets at the end of the game.
In the villages where these games took place this type of washing powder is used by all households and
both male and female participants appeared to appreciate them. The bags had a local retail price of
3000 Lao kip each, equivalent to about SUS 0.38 at the time of field implementation. Thus, the
expected payout for the individual and group bonus incentives under perfect cooperation and equity
(and average weather) was 624 points/round x 16 rounds + 656 points/round x 8 rounds = 15,232
points, or eight bags of laundry powder. Under the INS incentive the social optimum payout given
average weather was 624 points/round x 16 rounds + 684 points/round x 8 rounds = 15,456 points, also
equivalent to eight bags of laundry powder. The Nash equilibrium for all incentives was 400
points/round x 24 rounds = 9,600 points, or five bags of washing powder.

Statistical methods

The two key response variables in this study are what we call the ‘incentive effect’ and the
‘lasting effect’ (Figure 2). The incentive effect is the extent to which cultivation changes between the



pre-incentive (stage 1) and incentive (stage 2) rounds. The lasting effect is the difference in cultivation
between the pre-incentive and post-incentive (stage 3) rounds. Unless stated otherwise, these values
were calculated at the player level by averaging each player’s decisions across the 8 rounds of each
stage, and then taking the appropriate differences. All subsequent statistical analyses were conducted
with replication of n=32 (8 players x 4 villages) per incentive. All tests described below were
implemented in R version 3.0.3 (R Core Team, 2014).

Financial and time constraints allowed implementation of this game in four villages. For this
reason, the unit of replication in this study was the player. That the players were nested within villages
violates the independence assumptions of many statistical tests. Therefore, we tested for significant
village-level effects using generalized linear models with dummy variables for treatments and villages.
In all cases, estimates of village-specific coefficients were not significant at p < .05 (Table S2) and
residuals were normally distributed (Shapiro-Wilks test, p>>.05). Thus, we proceeded with our analyses
using standard non-parametric tests with the player as the unit of replication.

Normality of the cultivation distributions was evaluated using the Shapiro-Wilk test. Cultivation
rates within each of the three stages and within all but one of the nine stage-incentive combinations
were distinctly non-normal (p<.05), so non-parametric tests were used in all subsequent analyses.
Under the assumption that groups were cooperating to maximize their earnings, cultivation was
predicted to either be 6 for non-incentive rounds and 3 for incentive rounds (the Pareto optimum).
Differences from the expected Pareto values were assessed using one-sample, two-tailed Mann-
Whitney U-tests (a non-parametric analogue to the t-test). Alternatively, cultivation of 10 patches
would be consistent with the Nash equilibrium expectation of economic theory. However, because this
is the highest possible harvesting value, distributions in this range would be truncated, so it is not
possible to use conventional statistics to test whether cultivation differs significantly from this value.
However, we pursue other lines of reasoning to address this question. Differences among incentives in
cultivation, incentive effect and lasting effect were assessed using the Kruskal-Wallace test, a non-
parametric alternative to ANOVA.

Because the observations of among-player communication are ordinal (on a scale of 0, 1, 2 or 3)
we used a permutation test to check for differences among the incentives. Tests were performed
pairwise between each pair of treatments within each game stage for a total of nine tests. Comparisons
among stage-treatment combinations were not performed because there were 36 possible
combinations. For each permutation test, all communication values belonging to the two treatments
being compared were randomized into two groups of 32 each. The difference between the two groups’
means was computed and stored. This process was repeated 10,000 times to simulate a distribution of
expected differences between the two groups under the assumption that the two treatments values
come from the same underlying distribution. The quantile of the observed communication mean was
calculated as a measure of how likely the observed communication differential was to be a result of
chance. Since this is a two-tailed test, quantiles of <.025 or >.975 were considered to be significant at
the p<.05 level.



Differences among the proportion of players in different incentives who reported that they were
motivated by the incentive and who felt that the incentive was fair were assessed using exact binomial
tests.
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Figure 1. An example round of the shifting cultivation game. The left side of the figure represents the
forest before cultivation with 100 available patches. The right side shows a hypothetical round of
cultivation with a different color for the patches belonging to each player. The total cultivation by all
players in this example is 44 patches, meaning 56 patches remain in the forest. In this example player 1
would earn 7 x 56 x 1 = 392 points if rainfall is poor, or 7 x 56 x 3 = 1176 if the rainfall is abundant. Full
details of the game mechanics and payoff structure are found in the Supplemental Information.
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Figure 2. An idealized diagram showing the basic structure and outcome variables in the shifting
cultivation game. The game is divided into three stages of eight rounds each. In stages 1 and 3 there is
no external incentive to limit cultivation, although a cooperative group seeking to maximize their
earnings would still do so. During stage 2 one of three possible incentives is offered as a means to
reduce cultivation. Cultivation levels in stage 1 are the baseline against which choices in stages 2 and 3
are measured. This baseline allows direct comparison of groups that have a different inherent
cultivation levels. We use the term ‘incentive effect’ to refer to the impact of the incentive while it is in
effect (stage 2), and ‘lasting effect’ to mean the impact of the incentive after it has ended. While this
diagram shows both effects as reducing cultivation (as hypothesized), it is possible for either or both
effects to be in the opposite direction.
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Figure 3. (A) The frequency of cultivation anomalies (the difference between an individual player’s
cultivation and the mean cultivation level for an entire group in that round) in all villages, incentives and
rounds of the shifting cultivation game. (B) Mean cultivation as a function of game stage and incentive
type. The incentive is only applied during stage 2. (C) The incentive effect (change in cultivation)
between the first (pre-incentive) and second (incentive) game stages. Negative numbers mean
harvesting decreased relative to the pre-incentive rounds. The letters at the top of the figure show
statistical differences at the p<.05 level assessed using a Mann-Whitney test. Stars indicate groups
whose mean was significantly different from zero (Mann-Whitney test with p<.05). (D) The lasting effect
of after incentives end. The letters at the top of the figure show statistical differences at the p<.05 level
assessed using Tukey’s honestly significant difference test. No groups had a lasting effect that was
statistically different from zero at the p=.05 level. The group payment incentive was closest with
p=.142.
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Figure 4. (A) Communication among players as a function of incentive type and experimental stage.
Communication was assessed by two independent observers. Small letters refer to significant
differences (see supplement) among incentives within each stage (before, during and after incentive),
but not across stages. (B) Percentage of players reporting in a post-game survey that the incentive
scheme motivated them to cultivate fewer patches. (C) Percentage of players reporting in a post-game
survey that they felt the incentive scheme was fair. In B and C, small letters indicate significant
differences (p<.05) among groups as determined using exact binomial tests (see supplement).



