
Appendix 1: Detailed description of the games 
Groundwater Game  

This game was designed to address the depletion of groundwater in areas of confined aquifers (such as 

hard rock areas) where local collective action could be effective. The game targets one of the major 

factors influencing groundwater consumption: crop choice, particularly during India’s rabi season 

(following the main monsoon season), when there is some rainfall but farmers depend heavily on 

groundwater.   

This problem context was translated into the game context by presenting players with one main 

decision affecting groundwater consumption: choosing a crop to grow. The different crop choices not 

only have different water requirements (water-intensive and water-saving) but also yield different 

private returns (high and low). The groundwater is a publicly available but a finite resource. Players have 

a short-run incentive to grow a water-intensive crop with higher private returns rather than a water-

saving crop with lower returns. However, the water-demanding crop depletes the water table. If too 

many players decide to grow the water-demanding crop, groundwater falls below the predetermined 

threshold and the game ends, leaving players without further revenues. Choosing the sustainable crop 

leads to lower returns but with a stable time horizon securing the livelihood of farmers. Thus, the 

socially optimal strategy under the assumption that the game is infinite—as the story framing 

suggested—is for all players to choose the sustainable crop.  

The game was played in 17 randomly chosen communities in Andhra Pradesh, with 9 control sites for 

comparison. At each site, there was one group of five women and one group of five men who played. 

Other community members were allowed to observe.  

At the beginning of the game, players were informed that they were sharing a total of 50 groundwater 

units. In each round of play, each player was asked to choose privately between crop A that takes 1 unit 

of water and yields 2 units of (play) money and crop B that takes 3 units of water but yields 5 units of 

(play) money. Each round was the equivalent of a rabi season. This was explained to players using a 

large flexi-banner that showed the image of a well with 50 units of water marked on it along with the 

crop earnings from the water-intensive and water-saving crops. The banner was displayed where all 

players could see it. The facilitators asked the players about the major crops sown in the region during 

rabi season, and images of relevant water-intensive and water-saving crops were affixed to the poster.  

After each round, the facilitators recorded the individual crop choices, gave each player their respective 
crop earnings in play money, and calculated the aggregate groundwater use of all players, adding 2 units 
for domestic water use. The total groundwater use of the group was deducted from the previous 
groundwater level. After every round, the group received an amount of water recharge. In earlier 
versions of the game, a default recharge of 7 units was added to the groundwater level. Later, to 
account for the variability of rainfall, the facilitators invited a player or a member of the audience to cast 
two dice, and the value obtained was the recharge available for the next round. The final water level at 
the end of the round was shown on the banner using a movable strip and written in tabular form. 

If the remaining groundwater level was above 10 units, a new game round started. If it fell below 20 
units, all players were charged 2 units of money for domestic water, which was subtracted from their 
private earnings. If the groundwater level fell below 10 units, there was not enough groundwater left for 



cultivation and the game ended. The players did not know that the game would end after 10 rounds if 
the water was not depleted earlier. 

When the game was introduced, there were two practice rounds to ensure that all players understood 

how it worked. Then the game was played in two phases of up to 10 rounds per phase (though the 

number of rounds in each phase was never announced). In phase 1, no communication was allowed. 

After a maximum of 10 rounds, or when groundwater was depleted, players were allowed to discuss 

what happened during the rounds and what they would want to do differently. Then phase 2 began, 

with up to 2 minutes of communication between each round. Again, after a maximum of 10 rounds or 

when the groundwater fell below 10 units, the entire game ended.  

The game sessions were followed by a debriefing for the whole community, in which the facilitator 

showed actual community trends in groundwater levels, players discussed their experiences in the 

game, and the community discussed implications for their community.   

To test whether incentivized payments affect decision-making, half the sites were randomly selected to 

give player individual payments based on their winnings in the game; the other half received a lump sum 

contribution to the community, but players were not given individual payments.  

The complete protocol of the game is open accessible at: 

https://gamesforsustainability.org/practitioners/#groundwater-game 

The data on follow up surveys in 2016 after the game was played in Andhra Pradesh is open accessible 

under: 

https://www.ifpri.org/publication/experimental-games-strengthening-collective-action-learning-field-

experiments-india 

Table A1.1. Key features of the groundwater game.  

Design Features Explanation 

Game narrative and experience 

Theory of change The citizens in the research areas increasingly rely on groundwater resources 
for irrigation and water-intensive cash crops. Consequently, the 
groundwater is subject to depletion. Growing water-saving crops is a key 
means to reduce groundwater use and make water levels more sustainable. 

Embedded or isolated 
intervention 

The game was played at sites where the NGOs Foundation for Ecological 
Security (FES) or Jana Jagriti were already implementing other community 
mobilization and water management interventions over a long term.   

Story framing The story framing was developed by the research team and FES to reflect 
the factors affecting groundwater use but standardized across sites, with 
generic “Crop A” and “Crop B.” 

Goal definition The goal was defined as generating individual income.  

Facilitation Local community members were trained in facilitating the games and 
debriefings. They were requested to interfere as little as possible in 
discussions, but provided some background on community groundwater 
levels at the beginning of the debriefing. 

Game flow In the facilitation training, emphasis was placed on good coordination 
among the facilitation team. This considerably reduced the time that players 
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sat idle. 

Graphics of posters 
and game materials 

Illustrations including drawings, which reflected the regional context, were 
used to explain the game. Understanding the material did not require the 
ability to read. 

Language During pre-tests, the explanations were repeatedly revised with the local 
field team to ensure that they are well understood. 

Integration of any 
embodiment 

No expression of ideas, quality, or feelings in a tangible or visible form was 
included int the intervention. 

Game length Each game session took approximately 1.5 hours. 

Debriefing After the games were played with men’s and women’s groups, there was a 
communitywide debriefing allowing players and other community members 
to discuss how the game related to their real-life water management 
challenges. 

Group competition The game sessions with men and women were played separately, but other 
community members were allowed to observe the games. 

Game rules 

Response options In line with our theory of change, the players could make one decision: 
choose between water-intensive and water-saving crops, which directly 
impacted future groundwater availability and income. In game phase 2, 
players were allowed to communicate, giving them a chance to set their own 
rules in the game.  

Payoff structure The payoff structure was simplified to make the trade-offs between income 
and sustainability clear.   

Uncertain payoffs The initial game version had no random function. In the later one, water 
recharge was randomized, which affected the payoffs. 

Sequence of decisions Decisions on the crop choices were made simultaneously by all players in 
each round.  

Repetition of decision Each game session had a maximum of 20 rounds, with two game phases 
with a maximum of 10 rounds each. Rounds within a phase were 
interconnected: groundwater consumption of the previous round 
determined the groundwater level in the next round. 

Communication During game phase 1, players were not allowed to talk. In phase 2, 
discussions were allowed and encouraged between rounds. 

Consequences Choices had direct consequences for individual payoffs, the group’s total 
payoff, and the groundwater level. 

Encouragement  Players received open information on group impact on the water levels, and 
individual information on their earnings. In phase 2, players could choose to 
share information on their individual earnings.  

Power Our game did not specifically address power issues; all players were 
assumed to be irrigating the same amount of land.  

Player attributes 

Personality and 
identity  

Groups were divided by gender, but all were to be from households using 
groundwater for irrigation. Socioeconomic profiles of players varied within 
men’s and women’s groups. 

History/experience 
with management 
challenges 

Players come from households that use groundwater for irrigation. Most 
communities had experienced falling water tables. 



Group size The game was played with two groups of five players each. 

Surface Water Game  

This game was designed to address poor local collective action in surface water management. Poor 

management leads to poor groundwater recharge and limited availability of surface water, which is 

needed for irrigation during the rabi season. The game addresses maintenance of dam structures and 

farmers’ crop choices, which are the major factors influencing water availability and consumption. 

This context is translated in the game into two consecutive decisions, similar to other irrigation games, 

with a provision and an appropriation decision under asymmetric resource access (Janssen et al. 2011a; 

Cárdenas et al. 2013). First, players have to allocate a given endowment between the maintenance of 

the public dam and their private savings. The group’s total investment in dam maintenance determines 

the water-holding capacity of the dam in this round (see Fig A1.1, panel A). Second, individual players 

choose between growing an unsustainable or a sustainable crop. The unsustainable crop requires 5,000 

m³ of water and has a net return of INR 15,000. The sustainable crop requires 3,000 m³ of water and has 

a net return of INR 13,000. Thus, players have an incentive to grow a water-intensive crop with higher 

private returns rather than the water-saving crop with lower returns. However, the number of players 

who can grow crops depends on the total investment in dam maintenance (decision 1). Under optimal 

investments, all seven players can grow the water-saving crop. If even one player chooses the water-

intensive crop, the available water will not suffice for all players to grow a crop (see Fig A1.1, panel B). 

 
Figure A1.1. Functions of group investment and water availability and of possible crop choices 
depending on water availability. 



 

Additionally, the players’ fields are located sequentially along the feeder channel. Upstream players 

have preferential access to the water in the dam. For example, how much water player 2 can take for 

irrigation depends on how much water was provided in step 1 and how much water was left by player 1. 

Player 3 can only take what was left after player 2 and so forth through player 7. This relationship 

increases the incentive to free-ride. The socially optimal strategy is for all players to invest about 80 

percent of their endowment to maintenance of the public dam and to grow the sustainable crop with 

lower water requirements and lower returns. This maximizes earnings at the group level (see Figure 

A1.2). Any heterogeneous crop choice results in lower group income. The difficulty lies in the 

interdependencies of water availability, crop type, and players’ positions and their choices. By 

interlinking these factors and thus creating complex impact chains, the game mimics the collective 

action problems around surface water management in the target communities. 

 
Figure A1.1. Relationship between Total Group Investment and Group Earnings, Based Only on the 
Net Returns of Crops. 

The game was played in 60 randomly chosen sites in Madhya Pradesh. At each site, two groups, 

consisting of seven players each (men and women), played in parallel. Special attention was paid to 

including women in the games. Other community members were allowed to observe. Each group played 

a maximum of 10 rounds. The rounds were divided in 2 phases with 5 rounds in each phase. In phase 1, 

participants played with full anonymity and without communication. They did not know who was in 

which group nor who played in which position along the feeder channel. In phase 2, players knew who 

was in their group and in which position, and their individual decisions were publicly disclosed after 

every round. In addition, players were allowed to communicate and discuss in each round for up to five 

minutes before making their individual choices. All these changes were announced before phase 2 

started, and groups and player positions were reshuffled to maintain the anonymity of phase 1. 

Before the game began with phase 1, two practice rounds were played to ensure all players understood 

the game. At the start of each round, participants received an initial endowment of 3,000 play rupees in 

an orange envelope. They also received an empty red envelope. All participants decided simultaneously 

on the amount each of them wanted to invest in dam maintenance, which they placed in their red 

envelope. All money not invested remained in the orange envelopes as private savings accounts for each 



player. In the next step, both envelopes were returned to the field assistants, who announced and 

depicted the total group investment. Then participants made their crop choice, checking either the 

unsustainable or sustainable crop on a decision card. These decision cards were collected by the field 

assistants in another envelope to ensure anonymity. Finally, the field assistants checked whether each 

player could grow their chosen crop, and earnings for each player were calculated based on their private 

savings from decision 1 and the returns from their crop choice if the player was able to grow the crop. In 

phase 1, players receive a personal sheet containing information about their investment and round 

earnings depending on their chosen crop. This maintained anonymity but allowed players to keep track 

of the consequences of their investment and crop decisions. In phase 2, contributions, crop choices, and 

earnings of all players were written on a poster visible to all participants.  

After all 10 rounds were played, the game ended with a debriefing. All participants and other 

community members could discuss the experience of the game for approximately 15 minutes. The 

facilitators asked open questions intended to relate the game experience to the community’s real-life 

water challenges. 

To test whether incentivized payments matter, half the sites were randomly selected to receive 

individual payments for the players based on their winnings in the game; the other half received a lump 

sum contribution to the community, but players were not given individual payments.  

The complete protocol of the game is open accessible at: 

https://gamesforsustainability.org/practitioners/#surface-water-game 

The data on the rollout of the game in Rajashtan is open accessible under: 

https://doi.org/10.21421/D2/MFT8ZD 

The data on the rollout of the game in Madhya Pradesh is open accessible under: 

https://doi.org/10.21421/D2/MFT8ZD 

 

Table A1.2. Key features of the surface water game.  

Design Features Explanation 
Game narrative and experience 

Theory of change The citizens in the research areas increasingly rely on surface water 
structures for irrigation but face degraded infrastructure. This leads to water 
scarcity, especially in the post-rainy season. Collective maintenance 
investments and efficient water use through water-saving crops may 
increase community-level production and income. 

Embedded or isolated 
intervention 

The game was played at some sites where the NGO Foundation for 
Ecological Security (FES) was already implementing other water 
management interventions over the long term and in some sites where FES 
was not active.  

Story framing The story framing was very contextual. It was developed with the local NGO 
team to reflect the water management challenges of the communities in 
Rajasthan and Madhya Pradesh, India. 

Goal definition The goal was defined as generating individual income. It was explained that 
uncooperative choices decrease the group income and lead to unequal 
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benefits.  

Facilitation Local community members were trained in facilitating the games and 
debriefings. They were requested to interfere as little as possible. 

Game flow In the facilitation training, emphasis was placed on good coordination 
among the facilitation team, which considerably reduced the time that 
players sat idle. 

Graphics of posters 
and game materials 

Illustrations including drawings, reflecting the regional context, were used to 
explain the game. Understanding the material did not require the ability to 
read. 

Language During pre-tests, the explanations were repeatedly revised with the local 
field team to ensure they are well understood. 

Integration of any 
embodiment 

No expression of ideas, quality, or feelings in a tangible or visible form was 
included int the intervention. 

Game length Each game session with debriefing took between 1.5 and 2 hours. 

Debriefing After each game session, there was a 15-minute debriefing allowing players 
and other community members to discuss how the game related to their 
real-life water management challenges. 

Group competition Two groups played simultaneously and could observe each other. The games 
of the two groups where not linked, but the situation often created an 
informal competition. 

Game rules 

Response options In line with our theory of change, the players could make two decisions: a) 
invest a share of their endowment in infrastructure maintenance and b) 
choose between water-intensive and water-saving crops. In Rajasthan, after 
the first 10 game rounds, players were given the opportunity to play a game 
variation based on the issues brought up during discussion between the 
rounds. Such variations included a) the possibility to sanction players, b) 
response to uncertain external support, c) the effect of path dependencies, 
and d) unequal endowments and benefits.  

Payoff structure We conducted a pre-assessment of real-life infrastructure maintenance 
costs and of benefits received from irrigation together with local FES staff. 
The game payoffs were accordingly adjusted to reflect the costs and benefits 
typical for the research area.  

Uncertain payoffs Payoffs were fixed without a random function.  

Sequence of decisions Decisions on the contributions to infrastructure maintenance were made 
simultaneously. Crop choices were made sequentially with subsequent 
players only being able to use water if the upstream players left sufficient 
water. 

Repetition of decision Ten rounds were played per session. There was no path dependency and the 
rounds where independent from each other. 

Communication Communication was not allowed during the first 5 rounds. In rounds 6 to 10, 
discussion was encouraged. 

Consequences Including punishment in the game was an optional game variation in the 
Rajasthan version of the game.  

Encouragement  In rounds without communication, players received open feedback on the 
group performance and hidden feedback on individual earnings. In rounds 
with communication, all players’ decisions as well as individual and group 



earnings were posted for everybody to see. 

Power Our game did not specifically address power issues, although the sequential 
water access represents a power dynamic. The optional game variation with 
unequal endowments and benefits also touches on common power 
imbalances.  

Player attributes 

Personality and 
identity  

The groups included both men and women together, with a varying share of 
women.  

History/experience 
with management 
challenge 

Community members who live downstream from a community dam were 
the target group of the game. In real life, this group experiences degraded 
common water infrastructure. If water is available for irrigation, their crop 
choices affect water availability further downstream.  

Group size The Rajasthan game was played with 10 players. The Madhya Pradesh 
version of the game was played with 2 groups of 7 players each. 

  



Forestry Game 

This game was designed to simulate the social dilemmas around community forest management that 

arise from the tension between private earnings from harvesting and collective resource sustainability. 

This problem context is translated into the game context by presenting players with one main decision: 

how many trees to harvest in their community forest. If players harvest the trees too fast and stocks fall 

below a certain threshold, the forest loses its capacity to regenerate and will be depleted, leaving 

players without future revenues from the forest. However, players have an incentive to harvest as many 

trees as possible as each tree provides revenue of INR 5. Choosing a sustainable number of trees to 

harvest yields lower returns per time period but a stable time horizon securing long-term benefits for 

users. Thus, the socially optimal strategy is for all players to choose a sustainable harvest level that is 

compatible with its regeneration rate, allowing the forest to maintain (or even expand) its stock. This 

maximizes earnings at the group level over the long run. 

The game starts with a total of 50 trees available in the shared forest. In the successive rounds of play, 

each player chooses (privately) how many trees to harvest.  There is a maximum number of trees that a 

player can harvest in each round depending on resource size at the beginning of each round. Each 

harvested tree yields INR 5. The facilitators record the individually chosen number of harvested trees 

and pay the respective earnings in play money to each player. The aggregate harvest of all players is 

then calculated. Finally, the stock is regenerated by adding 1 tree for every 10 trees remaining. The new 

forest stock is announced to the group and the next round starts, unless the maximum number of 

rounds have been reached. If the remaining tree stock level falls below 5 units, there are not enough 

trees for the group, and game ends.  

The game was played in 60 randomly chosen sites in Andhra Pradesh and Rajasthan. At each site, two 

groups played in parallel, one women’s group and one men’s group. Each group consisted of five players 

who played the game in a relatively “closed” setting, meaning typically there were no other observers 

from the community. Each group played a maximum of 21 rounds. The rounds were divided into three 

phases. Within each phase, there was a fixed maximum number of rounds, although this number was 

not announced. However, if the forest was depleted before reaching the maximum number of rounds, 

the phase would end, and the next phase started.  

Before the game began with phase 1, three practice rounds were played to ensure all players 

understood the game. In phase 1, participants played without communication. After a maximum of six 

rounds, or when the forest was depleted, game phase 1 was over and players were allowed to discuss 

what happened during the rounds and what they would want to do to improve the outcome. In phase 2, 

they played a second set of up to six rounds, with discussion among the players allowed before making 

their individual choices. Again, after a maximum of seven rounds or when the forest was depleted, game 

phase 2 was over. In phase 3, they played a final set of up to seven rounds or until the forest was 

depleted, with communication allowed and optional rule election. For the rule election, players were 

asked whether they want to introduce monitoring rules based on their experience in the first two 

phases. If the group decided not to introduce monitoring, they continued as in the second phase with 

communication time between each round. If the group decided to introduce monitoring, they spent up 

to 10 minutes discussing what kind of monitoring mechanisms they would like to have, and notes were 

taken of the suggested ideas as well as their final chosen monitoring rule. After three rounds played 

with the monitoring mechanism, the groups were asked whether they wanted to introduce some form 



of penalty for the violators (i.e., sanctioning). If the groups declined, they continued for a further four 

rounds with monitoring. If they agreed, the groups discussed what kind of punishment they would like 

to introduce and then played a further four rounds incorporating their chosen sanctioning method.  

Typically, on the next day, a debriefing was held for the whole community, at which a facilitator 

described what had been happening with regards to the local community forest, players discussed their 

experiences in the game, and the community discussed implications for their community. 

To test whether incentivized payments matter, half the sites were randomly selected to receive 

individual payments for the players based on their winnings in the game; the other half received a flat 

lump sum contribution to the community, but players were not given individual payments.   

To test the effect of visual reminders of ecosystem services from forests, half the sites were randomly 

selected to use a white display board that showed the spatial layout of the resources (trees) in each 

round; the other half used a color display board with different colors linked to different resource sizes 

(i.e., forest conditions) with varying levels of ecosystem services provided by the forest. 

The complete protocol of the game is open accessible at: 

https://gamesforsustainability.org/practitioners/#forest-game 

The data of rollout of the game in Andhra Pradesh and Rajasthan in 2017 and 2018 is accessible under: 

https://dataverse.harvard.edu/privateurl.xhtml?token=3a2861be-3f71-4601-9e78-4fb235982387 

 

Table A1.3. Key features of the forestry game.  

Design Features Explanation 
Game narrative and experience 

Theory of change The citizens in the research areas experience forest degradation, which can 
be addressed by improved collective action and common-pool resource 
(CPR) management institutions.  

Embedded or isolated 
intervention 

Games were played at sites in Andhra Pradesh and Rajasthan where the 
NGO Foundation for Ecological Security (FES) was already engaging with the 
communities through its commons program. 

Story framing The story framing was very contextual.  It was developed with the local NGO 
team to reflect the forest management challenges of the communities in this 
area and highlight the tensions between private earnings and collective 
resource sustainability. 

Goal definition The goal was defined as generating individual income. The game parameters 
were calibrated such that uncooperative choices deplete the forest and 
decrease the group income.  

Facilitation FES members were trained in facilitating the games and debriefings. They 
were requested to interfere as little as possible. 

Game flow Facilitation training emphasized good coordination among the facilitation 
team, which reduced the time players sat idle. 

Graphics of posters 
and game materials 

Two different game boards were used: a simple black and white one and a 
coloured one indicating ecosystem services from denser forests. 
Understanding the material did not require the ability to read. 

https://gamesforsustainability.org/practitioners/#forest-game
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Language During pre-tests, the explanations were repeatedly revised with the local 
field team to ensure that they are well understood. The field teams 
explained the game in a local dialect. 

Integration of any 
embodiment 

No expression of ideas, quality, or feelings in a tangible or visible form was 
included int the intervention. 

Game length Each game session took approximately 1.5 hours. The debriefing on the next 
day typically took 1.5 hours.  

Debriefing Typically, on the next day after playing the game, all members of the site 
were invited to participate in a community debriefing that allowed players 
and other community members to discuss how the game related to their 
real-life CPR management challenges. 

Group competition The games were held at separate places for men and women at the same 
time. The two groups could not observe each other. 

Game rules 

Response options In line with our theory of change, the players made one decision—the 
number of trees to harvest—which directly impacted the future stock of the 
forest and income. In game phase 2, players were additionally allowed to 
communicate. Phase 3 allowed players to elect optional rules for CPR 
management, including the possibility of sanctions. 

Payoff structure The game payoffs were calibrated such that the average earnings of the 
players under the individual payment method were equal to about a half day 
of wage labor. 

Uncertain payoffs Payoffs depended on the number of trees harvested under the individual 
payment method.   

Sequence of decisions Decisions on the tree harvest were made simultaneously.  

Repetition of decision A maximum of 21 rounds were played per session, divided into three phases. 
Phases were independent from each other. However, rounds within a phase 
had a path dependency regarding the harvested trees. 

Communication We asked players not to talk during the first game phase. In game phases 2 
and 3, discussion was allowed. 

Consequences Including punishment in the game was up to the groups to decide in game 
phase 3. 

Encouragement  In all rounds, only group performance was openly revealed on a game board 
for everybody to see. In phase III, individual choices were also revealed to 
allow the players to monitor rule compliance and enforced the rules. 

Power Our game did not specifically address power issues.  

Player attributes 

Personality and 
identity  

Groups were divided by gender.  

History/experience 
with management 
challenge 

Community forest users were the target group for the game. In real life, this 
group experiences degraded forest conditions.  

Group size The game was played at each site with two groups of five players each. One 
group included only men, the other group only women. 

 


