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Economic experiments have traditionally been used as a tool for measuring human

behavior in different contexts of social interaction. However, little has been discussed so far
on the role of experiments as tools for learning and social change. We conducted a series of
educational interventions in two municipal aqueducts in Guasca, Colombia using an irri-
gation collective action game where five people must decide over contributions to produce
water and decide on the sequential allocation of the resource over an irrigation system. We
used this setting as a pedagogical tool for understanding the effects of learning over a series
of repetitions of these experiments to explore changes in the behaviors and attitudes of rural
households in the sample. We ran two waves of games a few months apart with most of the
same sample of 200 participants. In one of these aqueducts, we held workshops with
the community to provide feedback on the results of the games. In both waves of the
experiments, we find a powerful effect of face-to-face communication to improve both
group efficiency in the provision of water and fairness in its distribution. Our results
suggest that there are processes of learning from one wave to the next that could provide
valuable lessons about the possibilities and difficulties that collective action faces within
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communities. In particular, we find that the workshop for discussing the results may have
an effect on creating a better climate for the next wave of games, particularly with respect
to average contributions and fair allocation across players. A combination of the experi-
ments and the workshop increased individual cooperation levels, while also inducing
upstream players to restrain themselves in extracting water, allowing players downstream
to acquire more of the resource.

Keywords: Lab-in-the-field experiments; common pool resources; water management;
collective action; behavioral economics; irrigation game experiential learning; social
learning.

1. Introduction

Elinor Ostrom’s doctoral dissertation presented in 1965, addressed the problem of
groundwater management, from an institutional lens using micro-behavioral
foundations to understand the problem of managing aquifers in California, US, a
shared resource that shows one of the most accelerated rates of depletion of un-
derground water stocks (Ostrom 1965). These challenges remain and call for the
use of tools from the behavioral sciences and experimental approaches to under-
stand how humans can manage these social demands.

It was precisely Ostrom who pioneered the use of experiments in the laboratory
to test theories of economic behavior in situations of common use of natural
resources, most well represented in her 1994 book (Ostrom et al. 1994). Since
then, a wealth of work has emerged both from the lab and lab-in-the-field. Car-
denas and Carpenter (2008) had surveyed the literature from a decade after
Ostrom’s (1994) pioneering work, finding an explosion of applications of exper-
imental methods that explored issues of development in several regions of the
world. Three decades later, the exploration of the collective action problem of
natural resources through a behavioral and experimental lens, continues to thrive
offering some responses to the central questions on how collective action emerges
in social dilemmas associated with the environment.

In particular, works on the key aspects of human choice regarding water man-
agement offer us some light into the emerging patterns of such more recent literature.
Ward (2022) presents a survey of works regarding the interactions between climate
change and agriculture where, as expected, water plays a major role due to irrigation
and the role of policy to create more resilience given the increasing problems of more
variability and exposure to risk. Dinar’s survey work (2024), based on almost 300
publications, offers a valuable summary of the role that more recent tools from
economics can offer to address these water challenges. Game theory, new modeling
techniques as well as experiments, he argues, can be useful for addressing new trends
in water practices associated with conservation, reuse, and wastewater treatment.
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Economic experiments have traditionally been used to understand the deter-
minants of human behavior. These were initially performed under controlled
laboratory conditions, frequently using computers and college students (Ostrom
et al. 1994) but they are increasingly performed in the field to test hypotheses
under conditions closer to reality (Cardenas 2000; Cardenas and Ostrom 2004;
Werthmann et al. 2010; Shin et al. 2023; de Melo and Piaggio 2015; Bueno 2014;
Shepler et al. 2019; Akuriba et al. 2022; Echeverria 2022; Otto and Wechsung
2014; Pham et al. 2019; Amirova et al. 2022; O’Garra and Alfredo 2019).

As a result of their lab-in-the-field experience, some authors started to call
attention to the effect that some of these lab-in-the-field experiments may have on
people’s attitudes and behavior (Cardenas and Carpenter 2005; Carter 2008; Hill
and Viceisza 2012; Salcedo Du Bois 2014). Some studies have been testing such
conjecture, setting up lab-in-the-field experiments and combining them with other
tools to explore how water users could shift their behavior (e.g., Meinzen-Dick
et al. 2002; Sanil et al. 2024; Loudin 2019; Falk et al. 2023).

In common pool resource (CPR) experiments, players make decisions about the
natural resources they depend on, which makes them reflect on their everyday
choices. Players mainly have to decide whether to appropriate from a CPR for their
direct private gains or let the CPR generate an interest to the whole group (Ostrom
and Gardner 1993). By playing several rounds of the same game, players can see
the results of their own actions. As a result, CPR experiments can help explain
difficult concepts about resource dynamics and depletion, as well as raise aware-
ness about the benefits of community cooperation and sustainable natural resource
management. Ultimately, they might have an impact on attitudes and practices.

In the particular case of water management, resource users face two connected
social dilemmas: the provision collective action problem involving the need for
inputs such as labor or cash to manage and maintain the shared natural resource,
and the allocation dilemma involving the distribution of the resource among users
(Ostrom and Gardner 1993). In water management, common dilemmas often in-
volve asymmetric relationships or positions among participants (Janssen et al.
2011; Cardenas et al. 2011). In surface irrigation schemes and gravity-fed water
supply systems, head-enders and tail-enders often have a differentiated access to
water. Users may also have different influence in coordination and maintenance
decisions depending on their position in the system. In many rural areas, users
contribute their time or cash to build and maintain the system and agree on a series
of rules and regulations to ensure the sustainable use of the resource (Gleitsmann
et al. 2007; Meinzen-Dick et al. 2002). In such a context, collective action can
become essential to ensure water provision, equitable water distribution and
quality for all.
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Collective action has proven successful in avoiding the tragedy of the
commons and ensuring long-lasting socioecological systems (Ostrom 1990).
However, sometimes cooperation and coordination mechanisms do not emerge
spontaneously or cannot be sustained over time. In that case, external support
might be needed to stimulate collective action. Several natural resource programs,
mostly led by NGOs, have tried to stimulate collective action by using partici-
patory approaches, education and the redesign of institutions (Bruns and Bruns
2004). However, these approaches are not always effective and create dependen-
cies on external cooperation.

In this paper, we explore whether experimental games can provide an additional
tool for strengthening collective action, by examining how water users’ behavior
changes when they participate twice, several months apart, in a series of lab-in-the-
field experimental games involving dilemmas of water provision and appropriation
under different institutional treatments. We should clarify that the type of experi-
mental tools we use in this study differ from the branch of “serious games”, and at
the same time differ from the so-called field experiments mostly associated with
Randomized Control Trials or RCTs. In our case, the tolls presented here fall
within the so called “lab-in-the-field experiments”.

In particular, we analyze how the dimensions of social efficiency and fairness
are affected by the players’ prior experience with these games within the same
context. Our analysis will provide lights into the discussion about using lab-in-the-
field experiments as a social learning platform.

In the next section, we survey the rather scarce literature on experiments where
participants have returned to the lab with more experience in the particular game
they are playing. Next, we explore the more general literature on learning pro-
cesses from games and repetition exercises and summarize key insights in a
dedicated section presenting a simple framework to illustrate the potential positive
effects of learning through games on socially desirable outcomes. Following this,
we provide a quick overview of the field setting, where we conducted two waves of
the same experimental game with 200 villagers in two aqueducts. In the subsequent
sections, we describe the setting of the game, the experimental design, and data
patterns observed in the experiments, closing with an analysis of the data. The
paper concludes with lessons learned.

2. Economic Experiments and Learning: Past Experience

The hypothesis that CRP experiments can be used as a pedagogical tool to
strengthen collective action was partially explored for the first time in Cardenas
and Carpenter (2005). As a result of many years of field experience with experi-
mental games, the authors noted that experiments provided participants with useful
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metaphors for their daily lives. They analyzed the learning effect of experimental
games in three villages of Colombia by conducting two waves of experiments,
several months apart. One or two days after the first experiments, a workshop was
held in each community to discuss the strategies that participants followed during
the games as well as other relevant issues related to the management of CPRs. The
role of the workshop in providing cooperation mechanisms and promoting pro-
social behavior was believed to be high. The results suggested that both new and
experienced participants cooperated more in the second wave, although Cardenas
and Carpenter (2005) acknowledge that a more-systematic follow-up approach was
needed to obtain more conclusive results.

Similarly, Salcedo Du Bois (2014) conducted a series of lab and lab-in-the-field
CPR experiments with students and groundwater users in Mexico. The farmers that
participated in the games expressed their gratitude to the researchers for having
explained in “simple terms” the groundwater problems they face. The games also
prompted a spontaneous discussion about groundwater depletion and strategies to
improve the management of the resource. Due to these anecdotal observations,
the author concludes that CPR experiments can play an important pedagogical role
in the field.

Economic experiments have also been used in the classroom with pedagogical
goals. The educational benefits of using experiments in the classroom are explored
to some extent in Ball et al. (2006), Dickie (2006), Ehrhardt (2008), Burguillo
(2010), and Frank (1997). Ball et al. (2006) assessed the effectiveness of using the
Wireless Interactive Teaching System (WITS) in economics classes. As part of the
WITS activities, students played standard economic games. Experimental class
students obtained on average 3.2 points more than control class students. The
experiments had a greater impact on groups that usually have more difficulties
learning economics, such as women and freshmen. The main explanation for these
positive results was that students and teachers enjoyed the experimental classes
more and as a result, they were more engaged with the materials and the discus-
sions. Frank (1997) compared the results of a group of students who participated in
a simple classroom experiment about the use of CPRs with the results of a control
group of students. The students participating in the experiment obtained higher
grades than the control students in a test about the “tragedy of the commons”. In
his study, Burguillo (2010) used game theory tournaments to support competition-
based learning. The results of the study also suggest that the combination of game
theory with other learning techniques provides strong motivation to students and
increases learning performance.

Learning processes within the same game have also been a matter of study.
Within the non-cooperative game theory literature, several studies analyze how
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people learn to play economic experiments when they play the game repeatedly
(Erev and Roth 1998; Fudenberg and Levine 1998; Camerer et al. 2001). In
contrast, the learning mechanisms in cooperative game theory have been less
explored and thus, literature is scarce on the topic. Two main theories try to
describe players’ learning behavior. In reinforcement learning, learning is guided
by the payoffs obtained from the previous chosen strategy, while in belief learning,
players choose their strategies based on what they believe others are likely to do.
Camerer and Ho (1999) argue that reinforcement and belief learning are actually
related because they are both special kinds of reinforcement rules.

Test—retest procedures can be useful to explore the learning effects of
experimental games. Test-retest reliability procedures involve repeating the
exercise at different times and measuring the variation of a particular observation
under similar conditions. They have been used in the past to establish the validity
of stated preference surveys and the stability of preferences in choice experiments
and willingness to pay surveys (Bliem et al. 2012; Mgrkbak and Olsen 2014;
Czajkowski et al. 2014). Czajkowski et al. (2014) asked the same questions about
conservation measures in a Czech forest twice, in an initial survey and then again
six months after the first survey. Preferences did not appear to be stable. The
within-sample differences in preference estimates for individuals were greater than
the between sample differences, suggesting that people learned their true prefer-
ence by repetition or that they became bored and made random choices in the
second round of questions. In contrast, Mgrkbak and Olsen (2014) found that
stated preferences for a marketed good remained stable over a two-week interval,
even when economic incentives were given.

With respect to learning and experience in experimental games that involve
social dilemmas, there is a track of studies in which researchers compared the
behavior of inexperienced subjects with that of experienced subjects in laboratory
settings. Many of these studies are based on competitive markets (Smith et al.
1988; Dufwenberg et al. 2005; Hussam et al. 2008). A branch of this research has
focused on exploring whether experienced subjects would be able to reduce the
risks and likelihoods of bubbles and crashes in financial markets, with still con-
troversy and a lack of consensus. List (2004) also explored to what extent expe-
rienced versus inexperienced subjects differ in terms of confirming the neoclassical
predictions of behavior to what prospect theory has as an alternative, arguing that
an intense market experience would make individuals approach the neoclassical
prediction better.

Closer to our question, lab experiments on voluntary public goods provision
have reported that experienced subjects tend to show lower levels of contributions
compared to first-time participants (Ledyard 1995). Zelmer (2003) confirms this
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result in her meta-analysis from a large sample of public goods games in the
laboratory literature.

Unfortunately, the experimental literature on this particular subject is rather
silent when it comes to bringing the lab to the field. Most likely because of the
logistic costs to recruit participants in the field, there are no studies that system-
atically explore what happens when “experienced” subjects make decisions again
in a context of social dilemmas such as CPRs or public goods provision.

3. Framework: The Pedagogical Power of Games

The scarce literature on the analysis of behavior in controlled economic experi-
ments in which participants replay the same game led us to explore from other
perspectives what we can learn from the more general literature on learning,
particularly when it comes to learning through games.

There are numerous learning theories and different definitions of learning in the
literature, some focusing on individual and some focusing on group learning
(Armitage et al. 2008; Keen and Mahanty 2006). We will adopt here the definition
of Knowles et al. (2012) which defines learning as “the act or process by which
behavioral change, knowledge, skills, and attitudes are acquired”. According to
Keen and Mahanty (2006) effective learning should be iterative, reflective, and
contextual, and combine direct experience and abstract conceptualization follow-
ing a learning circle.

Games can stimulate problem-solving skills and the generation of new
knowledge, especially when they are engaging and interactive (Shute et al. 2011).
Shute et al. (2011) described the main features of a good educational game:
(i) there is a problem to be solved which may create conflict or challenge; (ii) rules
are established; (iii) goals or outcomes are to be achieved; (iv) implicit or explicit
feedback is provided; (v) interaction with the environment is sought, and (vi) a
storyline is provided. Lab-in-the-field experiments can provide all these elements
for a relevant learning experience, especially when communication among the
players is allowed and when a debriefing at the end of the session is provided.

Contemporary learning theory argues that people primarily learn through direct
experience of the consequences of their own actions (Bandura 1971). In cooper-
ative game theory, a small number of players need to make cooperation and
competition decisions both independently and collectively. Games are also
sometimes embedded in a relevant socio ecological context (framing) which can
help reproduce real life situations and make players think about their everyday

LAn exception is reported in Cardenas and Carpenter (2005).
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decisions and the consequences of such decisions. CPR experiments generally
consist of several rounds where similar decisions need to be made. Accordingly,
players can change their behavior depending on their experience in the previous
round of the game. Thus, experimental games can become a good platform to learn
through direct experience and interaction.

Most of the recent literature about games and learning is about the use of digital
or computer games for learning, which goes hand in hand with the success of the
gamification phenomenon. Kapp (2012) defined gamification as “using game-
based mechanics, aesthetics and game thinking to engage people, motivate action,
promote learning, and solve problems”. Deterding et al. (2011) added that gami-
fication involves using game design elements in non-game contexts including
educational and learning contexts, and marketing and business contexts. Typical
examples of gamification are the accumulation of frequent flyer miles to redeem
prizes and the summer library reading programs (Nicholson 2013).

A review study about the effects of gamification concluded that the majority of
24 reviewed studies reported positive effects and benefits of gamification, but some
of the studies concluded that the positive effects of gamification may not be long
term, and instead they could be attributed to a novelty effect (Hamari et al. 2014).

According to the conceptualization presented by Hamari et al. (2014), gamifi-
cation can be seen to have three main parts: (1) motivational affordance, (2) the
resulting psychological outcomes, and (3) the further behavioral outcomes. These
three elements can also be useful to analyze the learning effects of CPR experi-
ments (Figure 1). The extrinsic (private) motivational affordance would be the
accumulation of the maximum number of tokens to be later exchanged for mon-
etary incentives. Competition between players arises in that case and if no one
cooperates a Nash equilibrium that leads to the tragedy of the commons occurs.
However, profit maximization is rarely the only motivation (Anderies et al. 2011).

MOTIVATIONAL |i '
1

AFFORDANCE R OEEEEE

Competition

SOCIAL LEARNING
Cooperation

|:> PSYCHOLOGICAL I:> BEHAVIORAL |:> COLLECTIVE
OUTCOMES OUTCOMES ACTION

Figure 1. Learning Effects of CPR Experimental Games
Source: Adapted from Hamari et al. (2014).
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The intrinsic (public) motivational affordance involves the contribution for the
sustainable maintenance of a public or common good that benefits all. In that case,
cooperation between players arises and if everybody fully cooperates, players can
achieve the social optimum, with higher material rewards than if everyone fol-
lowed the selfish strategy in the game. Through this experience, players may
change their mental models or psychological outcomes as well as their attitudes
which may result in further behavioral changes in relation to natural resource
management. Some catalysts (such as new rules introduced in the game) may also
help in this learning process.

When all these changes take place at the group level, social learning processes
may emerge. Social learning is a group process that involves the joint development
of shared meanings and values which are all essential for creating joint action or
collective action (Pahl-Wostl et al. 2007). In other words, social learning implies
learning together to manage together (Ridder et al. 2005). A series of capacities
that need to be created among actors to build up social learning for resource
management are described in Pahl-Wostl and Hare (2004) and include: “shared
problem identification; awareness of each other’s goals and perspectives; under-
standing of the actors’ interdependence; understanding of the complexity of the
management system; learning to work together; trust; the creation of informal as
well as formal relationships”. A priori, experimental games have the basic ele-
ments to support the development of all these capabilities. Given the reported
pedagogical power of games and interactive decision-making platforms, educators
and psychologists are increasingly looking at them as relevant tools to promote
changes in mental models and social practices. However, according to Van Eck
(2008) there is lack of good research on games and learning. Repeating the games
with the same players after a short period of time may allow studying more in
detail the learning processes associated with gamification.

4. The Guasca Context

Our fieldwork was carried out in the rural areas surrounding Guasca, a town
located 60 km northeast of Bogota, Colombia’s capital. Guasca is an important
agricultural hub in the Cundinamarca Department, producing cut-flowers for ex-
port and milk, strawberries, potatoes and carrots for the domestic market.
Recently, due to an increase in the development of high-end housing projects for
families from Bogota, water demand has increased. With rising water demand,
the collective action processes for the conservation of the watershed that
supply this resource for the aqueducts and agricultural irrigation become even
more critical.

2440008-9



ndReading

March 5, 2025 8:54:56pm WSPC/296-WEP 2440008 ISSN: 2382-624X

A. Bernal-Escobar et al.

rdinamarca
7

0: Centro Urbano

1: Santuario

2: Flores

3: Santa Bérbara J
4: Pastor Ospina“;; 9 Y'Y
5: Floresta { .
6: San José ¥ 11110/
7: San Isidro : e P
8: Mariano Ospina ~ 12 e i
9: Santa Lucia \

10: El Salitre

11: Santa Isabel de Potosi

12: La Trinidad

13: Santa Ana

14: Concepcién

Figure 2. Guasca Map

Political division in Guasca is based on urban and rural areas. The total area is
346 km?, of which only 8.8km? (2.54% of total area) corresponds to the urban
area. The rural area consists of 14 rural districts or “veredas” (see Figure 2). Water
management follows this division, with a single urban aqueduct supplying urban
neighborhoods and 22 rural aqueducts supplying the rural districts. These rural
aqueducts vary significantly in scale. Small rural aqueducts supply fewer than 20
households and lack water treatment. Large rural aqueducts supply more than 200
households from different rural districts and provide some water treatment, ranging
from only filtration and sedimentation to the inclusion of chemical treatment.

Most households are familiar with the challenges associated with having a
vertical flow of water in watersheds. Despite its agricultural tradition, Guasca has
not established irrigation districts. While some rural districts have ditches, pro-
longed droughts and upstream wastewater make these unreliable for agriculture.
Thus, taking water from the aqueducts for irrigation purposes is a common
practice, even though in many cases this practice is illegal.

4.1. Sampling strategy

We selected for our analysis two rural aqueducts, aqueduct Mariano Ospina and
aqueduct Pastor Ospina y Flores, which share similar socioeconomic and envi-
ronmental contexts. Both aqueducts draw water from the same area in the upper
watershed and distribute it to an area with similar size and number of water users.
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We visited the two aqueducts and randomly selected 100 water users (one per
household) from each aqueduct and invited them to participate in an irrigation
game (see Section 5), for a total of 200 participants.

We also ran an individual survey for all participants to collect data on socio-
economic characteristics, perception of current status and changes in water supply,
perception of climate variation and its effects, water use practices, and perception
of the level of collective action in each community.

5. Our Experimental Design: The Water Irrigation Game

Based on Cardenas et al. (2011) and Janssen et al. (2012), we implemented an
irrigation game in which five players (A, B, C, D, E) make decisions about the
level of provision and appropriation of water resources on an irrigation system.
From an initial endowment of 10 tokens, players must decide simultaneously how
many of their initial tokens they want to keep as a private profit, and how many
they want to invest in a public fund that produces water for the group. As shown at
the top of Figure 3, the amount of water produced depends on the total number of

120
80

60

40

Units of water produced

0
0 1-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50

Total contribution of endowment tokens

Player A "
\ Player B '\

Player C '\
Player D q

Player E
.\

Irrigation system

> 3

Figure 3. Water Production Function and Allocation along the Irrigation System
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tokens invested by the group. The minimum number of tokens required to produce
any water is 11 tokens, while a maximum of 120 units of water is produced if the
group invests at least 46 tokens.

After water is produced, it is extracted sequentially by the players based on their
positions within the irrigation system, as illustrated at the bottom of Figure 3.
Player contributions and extraction decisions were made privately and kept
confidential by the experimenter during and after the conclusion of each experi-
mental session.

5.1. Treatment 1: Changes in the structure of the game

Five neighbors from the same aqueduct were randomly assigned to play one
session of the game. In each of the sessions, players made decisions over 15
rounds, divided into three stages, according to the following sequence:

o Stage 1 — Fixed position (rounds 1-5): At the beginning of round 1, players are
randomly assigned to one of five positions in the ABCDE sequence. They keep
the same position throughout the five rounds.

o Stage 2 — Rotation (rounds 6-10): At the beginning of round 6, players are
randomly reassigned to a new position in the ABCDE sequence. From round seven
onwards, players rotate through the other positions in a sequential manner (e.g., a
player starting in position C in round 6 will move to position D in round 7,
to position E in round 8, to position A in round 9, and to position B in round 10).

o Stage 3 — Group communication (rounds 11-15): At the beginning of round 11,
players are randomly reassigned to a new position in the ABCDE sequence.
They keep the same position throughout the five rounds, but in each round,
before they take decisions, they are allowed to have a face-to-face conversation
regarding any aspect of the game.

At the end of each round, each player’s earnings consisted of the tokens kept
(not invested in the public fund) plus the water units extracted. Both tokens kept
and water units extracted were converted into cash earnings that were paid pri-
vately and confidentially at the end of each session, with an average payoff of 15
USD. Given that each session lasted about 3h, and the average minimum wage
was 13 USD per day, the average payoff compensated for the opportunity cost of
the time invested by participants.

5.2. Treatment 2: Repetition of the game

In order to analyze the effects of repeating the game, data collection took place in
two waves. During the first wave, between September and December 2013, we
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conducted 100 surveys and ran 20 experimental sessions of the irrigation game in
each aqueduct.” In January 2014, we invited all water users who participated in the
first wave to participate in a second wave. Thus, between January and May 2014,
we ran another 20 experimental sessions of the irrigation game and conducted 100
more surveys in each aqueduct. While participating in the first wave, participants
were unaware that a second wave would be implemented later.

5.3. Treatment 3: Socialization workshop

One of the two aqueducts (i.e., aqueduct Pastor Ospina y Flores) was randomly
selected to receive an invitation to the irrigation game and a socialization workshop
at the end of each wave, while the other aqueduct (i.e., aqueduct Mariano Ospina)
received an invitation for participating in the irrigation game alone. Thus, after
concluding all 20 sessions in the aqueduct Pastor Ospina y Flores, we invited water
users from the rural aqueduct, regardless of whether they had participated in the
sessions or not, to participate in a workshop to present and discuss the results of the
irrigation games with the community. This manipulation allowed us to test whether
workshops with communities facilitate individual understanding of the game and
raise awareness about water conservation and cooperation.

6. Descriptive Statistics and Econometric Analyses

Table 1 presents the socioeconomic characteristics of participants by aqueduct.
The majority of participants are female (~70%), most have not completed primary
education (~57%), and the majority have low income. Additionally, most parti-
cipants primarily use water for livestock and pasture rather than for crop irrigation.
The two aqueducts show similar patterns in gender distribution, education level,
income, and the proportion of participants using water for crop irrigation and
livestock. However, there are some statistically significant differences: participants
from the Pastor Ospina y Flores aqueduct are, on average, about five years
younger, have lived in the community for approximately five fewer years, have
about one telephone number of neighbors less, fewer participants belief there
would be enough water available in 10 years, and fewer participants have done
volunteer work in the last year. We control for these variables in our econometric
analyses.

2The experimental design included a third rural aqueduct, Santa Barbara, randomly selected as a
control group. We collected survey data from 100 more households in this aqueduct. As those
surveyed households did not participate in the experiments, they are excluded from this paper.
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Table 1. Socioeconomic Features of the Participants

Aqueduct Mariano Aqueduct Pastor

Characteristics Ospina Ospina y Flores  Diff.
Age (years) 44.2 39.4 4.8%*
Female (%) 68.5 69.0 0.5
Primary is highest level of education (%) 43.0 43.0 0.0
Years of education 4.9 4.9 0.0
Average income below minimum monthly wage (%) 61.5 62.6 1.1
Years in community 30.6 24.9 5.6%*
Household size 4.1 4.3 0.2
Crop irrigation (%) 6.5 12 5.5
Water canals for livestock (%) 59.0 59.5 0.5
Owns orchard or garden (%) 57.5 52.5 5.0
Beliefs water availability in 10 years (%) 30.0 20.0 10.0*
Telephone number of neighbors 5.0 4.3 0.7*
Volunteer work in the last year 40.0 30.3 10.0%***

Notes: Mann—Whitney two-sample test, ***p < 0.001, **p < 0.01, *p < 0.05.

Table 2 shows that 85% of the participants in aqueduct Mariano Ospina, and
87% of participants in aqueduct Pastor Ospina, participated in both waves. We
tested for attrition bias and found no statistically significant differences between
repeaters and non-repeaters, except for a lower proportion of participants with
mean income below the minimum wage in the repeaters in aqueduct Pastor Ospina
y Flores and a higher mean age in the Mariano Ospina aqueduct repeaters (see
Tables A.1 and A.2). However, it is important to mention that the group compo-
sition within each session changed between the two waves, as the times and dates
that each participant was available did not always coincide with those of the other
people in their first wave group.

Although all participants in Pastor Ospina y Flores were invited to the work-
shop, as shown in Table 2, only 23 people who had previously participated in the
irrigation game attended, of which only 20 participated in both waves (i.e., were
repeaters). We checked for participation bias and found that a higher proportion of

Table 2. Participation between Waves and in the Workshop

N Non-Repeat N Workshop

First Second Non-
Name of Rural Aqueduct N Per Wave N Repeat Wave Wave Repeat Repeat
Aqueduct Mariano Ospina 100 87 13 14 NA NA
Aqueduct Pastor Ospina y Flores 100 85 13 16 20 3
Total 172 26 30 20 3
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women and people who have lived longer in the community participated in the
workshops (see Table A.2).

Next, we describe the data patterns from the economic games and examine how
learning influences individual behavior in three distinct ways:

o Within-session learning (Treatment 1): the learning effect on individual behavior
across the three stages within a session (fixed position, rotation, group
communication).

o Across-wave learning (Treatment 2): the learning effect between the first and
second wave in terms of social and individual learning.

o Facilitated discussion learning (Treatment 3): the learning effect between those
who attended the socialization workshop and those who did not.

6.1. Within-session learning: The effect of changes in the game
structure

We begin by examining behavior in the first stage of the game during the first
wave. Overall, the observed behavior is similar to that reported in previous studies
using this particular experimental game (Janssen et al. 2012; Cardenas et al. 2011).
Figure 4 shows that, on average, players contributed half of their endowment to the
public fund, with player E significantly contributing almost 1.5 tokens less (Mann—
Whitney two-sample test: n; = 800, n, = 200, p-value = 0.000). Regarding the
allocation of water, Figure 5 also displays the inequality between upstream and
downstream water extraction, with upstream players capturing most of the water
and downstream players receiving a much lower fraction of the water produced by
the group. On average, the level of extraction of players E was not even enough to

25
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Figure 4. Average Contributions and Extraction by Position (Rounds 1-5 of the First Wave)
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offset their investment. In addition, player A’s average extraction was over seven
times higher than that of player E. Despite this disparity, downstream participants
(players D and E) still contributed, on average, 50% of their endowment to the
public fund, while upstream participants (players A and B) contributed slightly
more, at 60%.

Interestingly, in more than 40% of the rounds in the first stage (rounds 1-5),
players in position E did not extract all the water left to them, despite being the last
players in the watershed. In other words, they left money on the table, which
extrapolated to their everyday life could mean that they kept in mind the impor-
tance of the environmental services provided by water and the needs of other users
downstream. In the whole game, this behavior was observed in 38% of all rounds
in all the sessions.

To further examine the distribution issue, we analyze whether the fairness of
player A’s behavior in round t influences the subsequent investments made by other
players in round 7 + 1. Since contributions to the public fund are relatively similar
across player positions, we define fairness as distributing the water produced
equally among all players. Therefore, player A is considered fair if they take no
more than 20% (one-fifth) of the shared resource in round t.

We find that player A’s behavior is important in triggering strategies of recip-
rocal contribution. According to our definition of fairness, when player A acts
fairly, the average contributions from the other players (excluding A) in rounds
2-10 are 5.7 units. This average drops to 4.5 units if player A extracts 50% or more
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of the shared resource (Mann—Whitney two-sample test: n; = 216, n, = 936,
p-value = 0.000). Additionally, when player A behaves unfairly in round 1, the
inequity in water distribution — measured as the average extraction slope® across
the watershed — nearly doubles compared to when player A acts fairly in the first
round. This suggests a retaliation effect throughout the rest of the game, triggered
by player A’s initial appropriation of an unfair share of resources.

Now, we move to describing the differences in behavior across the three stages
of the game (see Figure 5). The average contribution from all players in the first
stage (fixed position — rounds 1-5) was 5 units; in the second stage (rotation —
rounds 6-10) 4.8 units; and in the third stage (group communication — rounds
11-15) 6.7 units. This is 50%, 48%, and 67% of players’ initial endowment,
respectively. Average contributions in the second stage significantly decrease in
relation to the first stage (Mann—Whitney two-sample test: n; = 1,000, n, = 1,000,
p-value = 0.042), suggesting that experiencing the different positions in the se-
quence for extracting water (i.e., playing different roles in the game) worsens the
efficiency at the group level.

Consistent with previous studies, contributions in the third stage significantly
increase in relation to the first (Mann—Whitney two-sample test: n; = 1,000,
n, = 1,000, p-value = 0.000) and second stages (Mann—Whitney two-sample test:
n; = 1,000, n, = 1,000, p-value = 0.000). Therefore, face-to-face communica-
tion increases the group’s water production efficiency: average earnings per person
for the last stage increases from 11 units per round per player in stages one and two
to 17 units per round per player in the third communication stage (Mann—Whitney
two-sample test: n; = 2,000, n, = 1,000, p-value = 0.000). However, although
this increase in social efficiency allows downstream players to extract more water,
the unequal distribution of water resources between upstream and downstream
players is maintained, as upstream players continue capturing more water
(see Figure 6).

Thus, average contributions mask the fact that players are located asymmetri-
cally in the watershed, so their incentives to invest in the public fund are different.
The higher the position of the player in the irrigation system, the higher is the
chance to enjoy returns to his investment. In comparison to the first stage, players
located in B, C, and D positions contributed significantly less in the second stage
(Mann—Whitney two-sample test: p-value player B = 0.075; p-value player
C = 0.083, p-value player D = 0.006), while the contributions of player A and E
increased, but this increment was not statistically significant (Mann—Whitney

3This slope describes how unequal the extraction is among the five players. A perfectly fair extraction
would have a horizontal line. The steeper the slope the more unequal is extraction.
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Figure 6. Average Contribution (Left Panel) and Extraction (Right Panel) by Rule and Position on
the Watershed (First Wave)

two-sample test: p-value player A = 0.472; p-value player E = 0.357). Likewise,
extraction levels decreased for all participants, but this reduction was not statis-
tically significant for players A and D (Mann—Whitney two-sample test: p-value
player A = 0.482; p-value player B = 0.011; p-value player C = 0.001, p-value
player D = 0.118; p-value player E = 0.004). In the third stage, all players sig-
nificantly increase their provision (Mann—Whitney two-sample test: p-value player
A = 0.000; p-value player B = 0.000; p-value player C = 0.000, p-value player
D = 0.000; p-value player E = 0.000) and appropriation levels (Mann—Whitney
two-sample test: p-value player A = 0.036; p-value player B = 0.001; p-value
player C = 0.007, p-value player D = 0.000; p-value player E = 0.000). The
higher appropriation levels are triggered in part by the higher levels of contribution
experienced during those rounds.

In the first stage, the participant located farthest downstream (E), contributes on
average more to the public fund than he later extracts from the common resource
(average contribution = 3.9, average extraction = 2.8). During the rotation stage,
player E’s average contributions increase (4.2) but this increment is not statistically
significant (Mann—Whitney two-sample test: p-value = 0.357). On the contrary,
player E’s average significantly drops to 2.3 (Mann—Whitney two-sample test:
p-value = 0.005). Therefore, when players are allowed to experience a better
position in the watershed, they take advantage of it by proportionally extracting
more water than player E downstream. During the communication stage, a redis-
tributive transfer occurs that improves the earnings of player E. During this stage
inequalities still remain but in lower degree. The lowest inequality levels are found
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in the communication stage. In contrast, the highest inequality levels are found in
the rotation stage.

6.2. Across-wave learning: The effect of repeating the game

As described previously, we returned to the same communities a few months after the
first wave to test whether learning had been generated during the first wave, which
could affect decisions in the game in a replay. Results show that people played
differently in the second wave (see Figure 7). On average, contributions to the public
fund between waves increased by a small amount, from 5.5 to 5.7 units (Mann—
Whitney two-sample test: n; = 2, 580, n, = 2,580, p-value = 0.005). Although this
small increase was not reflected in a significant increase in average extraction levels,
we observed an improvement in water distribution in the second wave. The extraction
slope significantly decreased from 5.59 to 4.46 (Mann—Whitney two-sample test:
n; = 594, n, = 593, p-value = 0.000) and the Gini in extraction from 0.46 to 0.41
(Mann—Whitney two-sample test: n; = 600, n, = 600, p-value = 0.002).

These changes between waves were largely driven by differences in provision
and extraction levels in the third stage of the game. Average contribution levels
increased for the third stage of the game, from 6.6 to 7.0 units (Mann—Whitney
two-sample test: n; = 2,580, n, = 2,580, p-value = 0.000), and remained un-
changed for the first two stages. Similarly, average extraction levels increased from
16.8 to 17.1 only for the third stage (Mann—Whitney two-sample test: n; = 2, 580,
n, = 2,580, p-value = 0.057). Moreover, the improvement in the distribution of
water was promoted by the fairer behavior of player A in the first and third stages
of the game. Relative to the first wave, player A reduced their extraction by more
than five units in both the first and third stages. This allowed players D and E to
increase their average extraction levels by more than 2 units in the first stage and
third stage, respectively (Mann—Whitney two-sample test: n; = 2,580, n, =
2,580, p-value player D = 0.002, p-value player D = 0.093).

We conducted a regression analysis of different indicators to explore the dif-
ferent learning effects in the provision and appropriation decisions of the game.
Contribution decisions are analyzed as percentage of individual endowment (i.e.,
Contribution percentage) and as a percentage of the total contribution of the group
(i.e., Relative contribution). Appropriation decisions are first analyzed as per-
centage of extraction relative to water available for the player (i.e., Share extracted)
and subsequently through two indicators related to fairness. The first one, Fair
extraction, is defined in the following equations:

Water received;,

Fair extraction;, = N — extraction,,, (1)
ds
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extraction;,

Fair extraction percentage,;, = *100, (2)

~ Fair extraction;,
where N is the number of players who still need to receive water downstream,
including the player taking the decision. For example, for player A, Ny, = 5; for
player C, Ny = 3. The subscript if refers to the decision of player i in round t. Note
that the fair extraction indicator (1) will take negative values when extraction is
higher than the fair share. The second indicator of equity is Fair extraction per-
centage and measures the percentage of water extracted as a fraction of what an
equal share of the remaining water would be for that player and those downstream,
as shown in Eq. (2). Note that a higher quotient indicates less fairness. Therefore,
we multiplied this indicator by —1 so that a higher value reflects greater fairness.
Finally, we analyze a sixth indicator that measures the relationship between the
level of extraction of the player and their level of contribution (i.e., Extraction
proportional to contribution).

Table 3 shows the results of an ordinary least squares (OLS) model with session
fixed effects for the two contribution indicators (Models 1 and 2), the three ex-
traction indicators (Models 3-5) and the last indicator that combines contribution
and extraction (Model 6).* We controlled for the contextual and socioeconomic
individual characteristics listed in Table 1. A full table including the estimates for
the control covariates is available in Table A.3.

The regression analysis confirms the significant role of retaliation and reci-
procity in participants’ behavior. Specifically, greater equity in contributions in
previous rounds — measured by the lagged Gini coefficient — leads to a higher
contribution percentage in subsequent rounds. Additionally, when past con-
tributions are more equitable, water extraction tends to be more balanced as
well.

Moreover, face-to-face communication amplifies this effect, increasing con-
tributions in the provision stage and decreasing extraction relative to contribution
in the appropriation stage, in all locations. Players located downstream benefit
most from the communication rule, as face-to-face communication is seen to
improve equity (see Appendix B).

To explore group efficiency and equity behaviors, we conducted additional OLS
regressions with fixed effects by session for group-based aggregate variables
(Table 4). As an efficiency indicator we used total group contributions (Model 1)

“In order to address the potential issue of the dependent variable being truncated between 0 and 1, we
estimated a GLM using the same specification. The results are consistent with the OLS estimation,
and the regressions are reported in Tables A.10 and A.11.
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Table 3. OLS Estimates for Contribution and Extraction Indicators at the Individual Level

©)] (6)
1) 2 3) 4) Fair Extraction
Contribution  Relative Share Fair Extraction  Proportional
Variables Percentage Contribution Extracted Extraction Percentage to Contribution
Lagged Gini in —47.4305%* 0.0009 0.1107 —9.4249 —0.5527* —0.4343
contributions (3.2218) (0.0009) (0.0334) (2.6916) (0.0869) (0.1616)
Lagged Gini in —14.0396 —0.0002 0.1048 —3.0369 —0.4297 —0.4902
extractions (4.5428) (0.0001) (0.0637) (4.6406) (0.2677) (0.2040)
Wave 2 1.1190 —0.0168  —0.2057**  4.3593%** () 7775%* 0.8428
(2.1976) (0.0058) (0.0057) (0.0469) (0.0605) (0.2244)
Aqueduct —9.0489 —0.0442  —0.1223*** 2 6050 0.4633* 1.5611*
(2.0248) (0.0078) (0.0014) (0.4555) (0.0439) (0.1942)
Treatment * Wave 2 3.4520%* 0.0428**  0.5008** —4.5988*  —1.9652*** 34853
(0.5008) (0.0010) (0.0182) (0.4089) (0.0172) (0.6630)
Workshop 2.4282 0.0084 0.0472* 0.3992*  —0.0729 0.1115
(4.5189) (0.0182) (0.0058) (0.0447) (0.0175) (0.3962)
Workshop * Wave 2 —4.7201 —0.0160  —0.0218 —0.3036 0.0584 0.4845
(2.7866) (0.0114) (0.0048) (0.1226) (0.0253) (0.2654)
Stage 2 1.3967 —0.0005 0.0808 —2.0215* —0.3198 0.4807
(2.2987) (0.0069) (0.0246) (0.2086) (0.0527) (0.1104)
Stage 3 14.9644***% —0.0025  —0.0495**  2.2323 0.2127 —1.0157*
(0.1802) (0.0160) (0.0008) (1.2366) (0.0830) (0.0853)
Position in —3.2989** —0.0154 0.1078* 3.0005* 0.2812* —1.0703*
watershed (0.1720) (0.0028) (0.0167) (0.3862) (0.0399) (0.1273)
Stage 2 * —0.1593 —0.0185 0.6558 0.0692* —0.1596
Position (0.6533) (0.0057) (0.1377) (0.0068) (0.0361)
Stage 3 * Position = —0.0037 0.0007 0.0221 —0.3320 —0.0945* 0.3560%**
(1.4313) (0.0076) (0.0064) (0.2282) (0.0104) (0.0264)
Initial resource —0.0016** —0.0557
(0.0000) (0.0107)
Relative —0.0606 —1.8834
contribution (0.0999) (3.2626)
Constant 76.4425%* 0.2616 0.4154*  —6.5633 —2.8056** 5.1256
(9.7994) (0.0576) (0.0493) (1.9976) (0.0767) (1.8310)
Observations 5,572 5,572 4,773 4,773 4,773 5,572
R-squared 0.3002 0.0889 0.3837 0.2391 0.4205 0.1595
Session fixed YES YES YES YES YES YES
effects and
errors clustered
by
aqueduct

Notes: Robust standard errors are shown between brackets, ***p < 0.01, **0.01 < p < 0.05,
*0.05 < p <0.10.
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and as equity indicators we used the Gini® coefficient for group contributions and
extractions (Models 2 and 3). We included sociodemographic, socioeconomic and
community dynamics controls (see Table A.4 for a full list of estimates).

The strongest predictor of group contributions is the Gini coefficient in con-
tributions in previous rounds’ outcomes. This reflects the importance of recipro-
city, and inequity aversion in shaping individual behavior. Inequality in previous
rounds decreases contributions to the fund and increases inequality in extraction.
This confirms the literature on inequality aversion (Fehr et al. 2006).

This analysis focuses on understanding which pre-existing conditions, in-game
dynamics, and inter-wave dynamics influence individual learning. We begin by
examining pre-existing conditions, specifically potential differences between the
aqueducts. Participants in Mariano Ospina were generally less fair in water ex-
traction during the first wave compared to those in Pastor Ospina y Flores. One
possible explanation is that participants in Pastor Ospina y Flores, on average, have
lived in the community about five years longer and are more dependent on water
resources for their livelihoods (i.e., significantly more people use water for crop
irrigation in aqueduct Pastor Ospina y Flores). This deeper reliance on water
sources may have made them more accustomed to bargaining in collective water
management and better understanding the long-term benefits of cooperation (see
Appendix B for a more detailed discussion).

Table A.4 shows some relevant results of the impact of covariates in group
contributions and extractions. Interestingly, a higher proportion of participants
engaged in crop irrigation leads to greater contributions to the water fund. Simi-
larly, groups with more participants using water for livestock tend to contribute
more. Some unexpected findings include that proportion of women in a group, as
well as the level of connectivity within the neighborhood or village, slightly de-
crease the total group contribution to the water fund.

In terms of learning during the game, we find that allowing communication
among participants significantly increases individual contributions. However, at
the group level, this communication does not appear to significantly improve
overall efficiency or alter the distribution of water extraction. Additionally, over the
five rounds of each stage of the game, we observe that, as the rounds progress,
inequality in both contributions and extractions, measured by the Gini indexes,
increases.

5The Gini index is a distribution measure widely used in economics to evaluate the distribution of
income or consumption among individuals or households. A Gini index equal to 1 represents perfect
inequality and a Gini index equal to O represent perfect equality. Thus, lower values are interpreted as
a more equitable distribution and upper values are interpreted as a more unequal distribution.
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When examining the learning effects between waves, at the individual level we
observe a reduction in the share extracted and an increase in the fairness indicators
of extractions (see Table 3). At the group level, there was a decline in the equi-
tability of contributions between waves, although there was no significant change
in the extraction Gini index (see Table 4). However, these results are influenced
by the random assignment of players to different positions in the watershed.
To account for this, we conducted regressions by player location in stage 1
(see Tables A.5-A.9).

In terms of learning effects by player position, we observe that players in
position A significantly increased their contributions, while players midstream and
downstream (C-D-E) significantly reduced their contributions compared to wave
one (Table A.5). On the other side, the extraction level and payoffs® increased for
downstream players in wave 2 (D and E) (Tables A.8 and A.9).

Besides, there were noticeable differences between the observed learning across
aqueducts. Participants in Mariano Ospina became fairer in their extraction be-
havior, while those in Pastor Ospina y Flores became less fair. Interestingly, par-
ticipants from Mariano Ospina extracted a share closer to the fair allocation
compared to those in Pastor Ospina y Flores, despite the workshop being con-
ducted in the latter aqueduct. This raises the question of whether the workshop had
an unintended negative effect.

6.3. Facilitated discussion learning: The effect of the socialization
workshop

To assess the impact of workshop participation, we included in the regression
analysis presented in Table 3, an individual variable for workshop attendance as
well as an interaction term with the wave. The reason for including both the
workshop participation variable and its interaction with the wave is to account for
potential selection bias among those who chose to attend the workshop. This
selection bias is captured by including the workshop attendance variable to identify
differences in behavior among these participants before they had attended the
workshop. If no selection bias is present, we would expect this variable to only be
significant when interacted with wave 2.

The results shows that there is indeed a selection bias in participants who
attended the workshop. In the first wave they extracted a higher share from the
water fund on average, but it is unclear whether this behavior was more equitable.
When observing these players by position, their overall contributions are lower in

6As defined in the game instructions, the payoff of a player in a round equal to 10 tokens minus the
tokens contributed, plus the extracted units.
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Table 4. OLS Estimates for Contribution and Gini Indicators at the Group Level

(€] 2 3)
Total Group  Gini Index in  Gini Index in
Variables Contribution ~ Contributions Extractions
Lagged Gini in contributions —32.304%* 0.435* 0.207%**
(1.212) (0.052) (0.003)
Lagged Gini in extractions —7.560%* 0.141 0.452%*
(0.177) (0.028) (0.009)
Treatment 1.348 0.001 0.005
(0.298) (0.002) (0.026)
Wave 2 2.004 0.027** 0.013
(2.520) (0.002) (0.026)
Treatment * Wave 2 0.721 —0.029 —0.004
(0.207) (0.006) (0.035)
Round within stage —0.405 0.015%** 0.006%**
(0.068) (0.000) (0.000)
Stage 2 0.542 —0.000 0.025*
(0.251) (0.001) (0.002)
Stage 3 6.689 —0.059 —0.029
(1.755) (0.012) (0.005)
Workshop assistance (proportion in group) —4,117*** —0.035 —0.053**
(0.064) (0.008) (0.002)
Workshop assistance * Wave 2 1.842 0.015 0.053
(0.606) (0.018) (0.053)
Participated in both waves (proportion in group) —1.484 —0.009 —0.046
(3.141) (0.003) (0.009)
Initial resource —0.001**
(0.000)
Constant 32.809 —0.014 0.319
(9.267) (0.113) (0.148)
Observations 1,120 1,120 1,120
R-squared 0.516 0.479 0.496
Clustered errors by aqueduct YES YES YES

Notes: Robust standard errors are shown between brackets, ***p < 0:001, **p < 0:01, *p < 0:05.

positions C and D, although significantly higher for position E. In wave two,
contributions got even lower in A, D, and also in player E (see Table A.5). In-
dividual contribution relative to group total contribution also decreased for parti-
cipants who attended the workshop (see Table A.6). Per extraction, participants in
location A, C, and E, were fairer since the first wave, but they all became more
unfair during wave two (see Table A.7).

Table 4 shows that, at the group level, groups with more workshop attendees in
wave 1 showed more equitable extractions, even if their total contributions were
lower. However, no significant effects were observed in wave 2, although the
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coefficient for total contributions was positive. These findings suggest that the
workshop did not enhance participants’ learning processes across waves.

In summary, while there is evidence of learning between waves one and two,
individual behavior appears to depend significantly on player positions, particu-
larly, the learning between waves benefits those downstream. However, the
workshop does not seem to have a clear or consistent impact on promoting learning
Or cooperation.

7. Concluding: What have we Learned from Returning
to these Aqueducts?

The experimental design we have used allows us to explore the role that con-
tributions and appropriation decisions have in determining the sustainability of
managing irrigation systems through collective action and self-governance. The
interaction between the goals of efficiency and equity in the provision of the public
good and the allocation of water, respectively, shows that face-to-face communi-
cation can have a powerful effect in both accounts. This is no news as previous
literature reports such findings. However, we have taken the effort a step further by
returning back to the same communities and repeating these experiments with the
same and other participants. Our goal was to explore how a trial-and-error process,
between the two visits and within each session, could provide lessons regarding the
social and individual learning through the participation in these games.

From observations in the field, rotation systems in the positions or turns to
extract shared resources are preferred as rules for allocating rights and duties in a
fairer manner. The transition from the baseline fixed position stage (rounds 1-5) to
the rotation stage (rounds 6-10) did not create improvements in contributions nor
fairness in the distribution of water. However, the data suggest that the rotation
scheme induced a retaliation o compensatory effect in those who had been in the
downstream positions in the first stage, and increased their extraction when
allowed to take the upstream positions. As shown in the appendix figures, the Gini
coefficients show slight increase from stage 1 to stage 2. Such increased inequality
is hindered during the third stage when players are allowed to talk to each other
and reverse the regressive effects.

However, such patterns differ between the two aqueducts with interesting les-
sons for our second level of analysis of the learning effects, that of comparing the
two waves. Our workshop treatment village, Pastor Ospina, improved significantly
for the second wave of games both in terms of the distribution of contributions and
extracted water as well as in terms of efficiency (Figure B.1). A plausible expla-
nation for such difference could relate to the workshop we conducted between
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waves for the Pastor Ospina participants. Our regression analysis supports the
claim, but technically we have only two observations. That is, although we ran-
domized which aqueduct would host a workshop, the observed effect by aqueduct
could be the result of confounded factors by characteristics of Pastor Ospina itself.
Nevertheless, the pre-existing conditions — there were differences in the behavior
observed in the first rounds — did not support such claim as these differences
would run in the opposite direction, that is, the Pastor Ospina participants were
showing lower levels of contributions in wave 1.

Overall, we find a series of learning processes that can operate in opposite
directions which deserve attention. The possibility of trial and error through par-
ticipating in these games both within a session and between waves shows that
without a feedback and discussion process with the groups, the potential for det-
rimental effects arising from a previous negative experience could exacerbate the
problems of free-riding and taking advantage of privileged positions to derive
rents given previous cases of having been taken advantage of in a previous stage or
wave. This was specially the case for those located in downstream positions in
their first experience. On the other hand, the possibility of exchanging
these experiences through the community workshop and building a sense of
common good towards higher group contributions for the provision of more water
for all to distribute equally seems to have a powerful effect from the first to the
second wave.

Returning to the literature (Pahl-Wostl et al. 2007; Hamari et al. 2014) and
framework on gamification presented in Figure 1: triggered by the competition and
cooperation dynamics experienced in the game, players’ mental models and their
psychological outcomes changed, which resulted in the adoption of new strategies
as the game progressed. Comparing the way participants played during the dif-
ferent stages of the game as well as during the first and second waves of the game,
we observed significant changes in players’ behavior. Public incentives
(the intrinsic motivational affordance) became progressively more salient in
comparison to private incentives (extrinsic motivational affordance). In the second
wave overall contributions to the public fund increased as did equity indicators for
water distribution also improved in the second wave. Game results also show that
face-to-face communication and the workshop hold in one of the groups after the
games became important catalysts of the psychological and behavioral evolution.
Communication was seen to increase cooperation and reduce inequity significantly.
Similarly, the group that participated in the workshop showed in the second wave
greater improvements in their distribution efficiency and higher contributions in the
communication rounds in comparison to the group that did not participate in the
workshop.
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The results obtained also suggest that CPR experiments can help create
the capacities needed between resource users, to advance social learning for the
management of these shared resources (Pahl-Wostl and Hare 2004). The game
helped in the process of joined problem identification, as the game helped view a
real-life problem or situation from a new perspective. The social learning generates
an awareness of each other’s actions and goals which is key in developing social
norms for cooperation. The behavior of some players influenced the actions of the
rest of the players. For example, the behavior of player A at the beginning of the
game had a major impact on the strategies adopted by the rest of the players. If
player A was fair during the first round of the game, the rest of the players
contributed more to the public fund in the subsequent rounds of the game and there
was more equity in water distribution in comparison to when player A was unfair in
round 1. Similarly, players upstream restrained themselves to a certain extent in
extracting water allowing players downstream to acquire more water.

Throughout the second stage of the game, players had to experience every
position on the watershed with the aim of helping players understand the com-
plexity of the CPR system and how the resource availability fluctuates depending
on the player’s location in the system and the rest of the players’ actions. As a
result of these dynamics, the actors (players) mutual interdependence became
explicit during the game. Contrary to expectations, the rotation rule did not seem to
affect either group efficiency in the provision of water nor the fairness in its
distribution.

Face-to-face communication and the workshop proved key in helping players
(users) understand the mutual benefits of cooperation, within a more complex
context of a CPR, that is, where contributions and extraction happen at the same
time, but also allocation is done in a sequential manner creating more opportunities
for unfair appropriation by upstream users. These two catalysts were critical ele-
ments for building trust among participants. They favored the creation of informal
as well as formal relationships which are all very much needed for building
confidence among players or in a real setting, for the creation of formal and
informal institutions that can monitor and guide water or other natural resources
management. As a meta-game over the main lab-in-the-field games, the workshop
provided an extra context for the exchange of expectations, beliefs and building of
narratives about cooperation that enhanced the possibilities of sustained collective
action. Overall, lab-in-the-field experiments seem to be a promising tool to stim-
ulate group learning and the development of shared meanings and values, all so
important for advancing social learning and fostering joint action or collective
action.
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Appendix A. Supplementary Tables

Table A.1. Differences in Sociodemographic Characteristics Between Repeaters and Non-

Repeaters in the Mariano Ospina Aqueduct

Aqueduct Mariano Ospina

Characteristics Repeat Non-Repeat Diff.
Age (years) 44.8 40.3 4.5
Female (%) 70.1 57.8 12.4
Primary is highest level of education (%) 414 53.8 12.5
Years of education 4.9 4.6 0.3
Average income below minimum monthly wage (%) 60.9 65.4 4.5
Average expenses 2.0 2.0 0.0
Years in community 314 24.7 6.7*
Household size 4.1 3.7 0.4
Crop irrigation (%) 6.9 3.8 3.1
Water canals for livestock (%) 60.9 46.1 14.8
Owns orchard or garden (%) 56.3 65.4 9.0
Beliefs water availability in 10 years (%) 29.9 38.5 8.6
Telephone number of neighbors 5.2 4.5 0.7
Volunteer work in the last year 55.2 50.0 5.2

Note: Mann—Whitney two-sample test, ***p < 0:001, **p < 0:01, *p < 0:05.

Table A.2. Differences in Sociodemographic Characteristics Between Repeaters and Non-Repeaters,
and Between Workshop Participants and Non-Participants in the Pastor Ospina y Flores Aqueduct

Aqueduct Pastor Ospina

Characteristics Repeat Non-Repeat Diff. Workshop Non-Workshop  Diff.
Age (years) 39.8 35.9 3.9 47.7 37.3 10.4
Female (%) 71.0 59.0 12.0 90.5 63.3 27.2%*
Primary is highest level 44.0 38.0 6.0 47.6 45.6 2.0
of education (%)
Years of education 4.9 4.9 0.0 5.0 4.8 0.2
Average income below 60.0 79.3 19.3* 61.9 62.8 0.9
minimum monthly
wage (%)
Average expenses 2.0 1.7 0.3 19 2.1 0.2

2440008-29



March 5, 2025 8:55:21pm

ndReading

WSPC/296-WEP 2440008 ISSN: 2382-624X

A. Bernal-Escobar et al.

Table A.2. (Continued)

Aqueduct Pastor Ospina

Characteristics Repeat Non-Repeat Diff. Workshop Non-Workshop  Diff.

Years in community 25.1 23.0 2.1 33.8 23.1 10.7%%*

Household size 4.2 4.6 0.4 44 4.2 0.2

Crop irrigation (%) 11.6 13.8 2.2 19.0 11.4 7.6

Water canals for live- 61.6 44.8 16.8 57.1 62.0 4.9
stock (%)

Owns orchard or 54.6 37.9 16.7 66.7 50.6 16.1
garden (%)

Beliefs water availability 18.6 24.1 5.5 23.8 20.2 3.6
in 10 years (%)

Telephone number of 4.4 3.8 0.6 5.0 3.9 1.1
neighbors

Volunteer work in the 37.2 24.1 13.1 38.1 34.2 3.9

last year

Note: Mann—Whitney two-sample test, ***p < 0:001, **p < 0:01, *p < 0:05.

Table A.3. OLS Estimates for Contribution and Extraction Indicators at the Individual Level with

Control Estimates

(©) (6)
1) 2) 3) @) Fair Extraction
Contribution  Relative Share Fair Extraction Proportional to
Variables Percentage Contribution Extracted  Extraction Percentage Contribution
Lagged Gini in —47.4305%* 0.0009 0.1107 —9.4249 —0.5527* —0.4343
contributions (3.2218) (0.0009) (0.0334) (2.6916) (0.0869) (0.1616)
Lagged Gini in —14.0396 —0.0002 0.1048 —3.0369 —0.4297 —0.4902
extractions (4.5428) (0.0001) (0.0637) (4.6406) (0.2677) (0.2040)
Wave [Wave 1 =0, 1.1190 —0.0168  —0.2057**  4.3593***  0.7775%* 0.8428
Wave 2 = 1] (2.1976) (0.0058) (0.0057) (0.0469) (0.0605) (0.2244)
Aqueduct —9.0489 —0.0442  —0.1223***  2.6050 0.4633* 1.5611*
(2.0248) (0.0078) (0.0014) (0.4555) (0.0439) (0.1942)
Treatment * Wave 3.4520%* 0.0428**  0.5008** —4.5988*  —1.9652*** —3.4853
(0.5008) (0.0010) (0.0182) (0.4089) (0.0172) (0.6630)
Workshop 2.4282 0.0084 0.0472* 0.3992*  —0.0729 0.1115
(4.5189) (0.0182) (0.0058) (0.0447) (0.0175) (0.3962)
Workshop * Wave —4.7201 —0.0160  —0.0218 —0.3036 0.0584 0.4845
(2.7866) (0.0114) (0.0048) (0.1226) (0.0253) (0.2654)
Rule 2 [rotation] 1.3967 —0.0005 0.0808 —2.0215%  —0.3198 0.4807
(2.2987) (0.0069) (0.0246) (0.2086) (0.0527) (0.1104)
Rule 3 14.9644*** —0.0025  —0.0495**  2.2323 0.2127 —1.0157*
[communication] (0.1802) (0.0160) (0.0008) (1.2366) (0.0830) (0.0853)
Position in watershed —3.2989** —0.0155**  (.1078* 3.0005* 0.2812* —1.0703*
(0.1720) (0.0005) (0.0167) (0.3862) (0.0399) (0.1273)

2440008-30



March 5, 2025

ndReading
8:55:22pm WSPC/296-WEP 2440008 ISSN: 2382-624X

Social Learning Through Water Games in the Field

Table A.3. (Continued)

® O]
1) ) 3) (@) Fair Extraction
Contribution  Relative Share Fair Extraction Proportional to
Variables Percentage Contribution Extracted  Extraction Percentage Contribution
Rule 2 * Position —0.1593 0.0001  —0.0185 0.6558 0.0692* —0.1596
(0.6533) (0.0023)  (0.0057)  (0.1377)  (0.0068) (0.0361)
Rule 3 * Position —0.0037 0.0008 0.0221 —0.3320 —0.0945* 0.3560**
(1.4313) (0.0053) (0.0064) (0.2282) (0.0104) (0.0264)
Initial resource 0.0000 —0.0016** —0.0557 0.0063**
(0.0000)  (0.0000)  (0.0107)  (0.0004)
Relative contribution —0.0606 —1.8834
(0.0999)  (3.2626)
Age 0.1191 0.0006 —0.0002 —0.0499 —0.0018 0.0063
(0.2425) (0.0009)  (0.0007)  (0.0115)  (0.0010) (0.0199)
Gender —2.7492 —0.0142 0.0182 —2.2890 —0.1186 0.8284
(2.1997) (0.0085)  (0.0110)  (0.9645)  (0.0435) (0.1613)
Average expenditure  —1.8955* —0.0077* —0.0031 0.4372 0.0260%** —0.0595*
(0.2480) (0.0007) (0.0052) (0.0887) (0.0013) (0.0048)
Education 0.5923 0.0013 0.0061** —0.1915 —0.0181** 0.0586**
(0.6910) (0.0027)  (0.0003)  (0.1806)  (0.0012) (0.0016)
Animals index —0.0206** —0.0001**  0.0000 —0.0029 —0.0003* 0.0024*
(0.0011) (0.0000)  (0.0000)  (0.0012)  (0.0001) (0.0003)
Orchard or garden 6.7776%* 0.0249** —0.0164 —0.1484 0.0095 —0.6089
(0.2140) (0.0010)  (0.0238)  (0.2474)  (0.0680) (0.1386)
Drinking trough 1.6772 0.0106 —0.0091 1.0302 0.0636 —0.5030
(1.2743) (0.0108)  (0.0417)  (0.2124)  (0.0749) (0.1328)
Water in 10 years 2.6901 0.0122* 0.0294 —2.0914*  —0.1603 0.2619
(0.4505) (0.0011) (0.0113) (0.3028) (0.0398) (0.1187)
Phone number from  —0.3516 —0.0018 0.0004 0.0600 0.0001 0.0590
neighbors (1.3302) (0.0063)  (0.0013)  (0.0878)  (0.0040) (0.1368)
Volunteer last year —6.7323 —0.0280 —0.0279 1.6003 0.0785 0.3725
(2.8898) (0.0159) (0.0252) (1.3282) (0.1264) (0.1494)
Constant 76.4425* 0.2616 0.4154*  —6.5633 —2.8056** 5.1256
(9.7994) (0.0576)  (0.0493)  (1.9976)  (0.0767) (1.8310)
Observations 5,572 5,572 4,773 4,773 4,773 5,572
R-squared 0.3002 0.0889 0.3837 0.2391 0.4205 0.1595
Session fixed effects YES YES YES YES YES YES

and errors clus-
tered by aqueduct

Notes: Robust standard errors in brackets, ***p < 0.01, **0.01 < p < 0.05, *0.05 < p < 0.10.
Coefficients without stars are not statistically significant (p > 0.10).
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Table A.4. OLS Estimates for Contribution and Gini Indicators at the Group Level with Control

Estimates
&) @ 3)
Total Group  Gini Index in  Gini Index in
Variables Contribution ~ Contributions Extractions
Lagged Gini in contributions —32.304** 0.435* 0.207%**
(1.212) (0.052) (0.003)
Lagged Gini in extractions —7.560%* 0.141 0.452%%*
(0.177) (0.028) (0.009)
Treatment [Only Games/Aqueduct Mariano 1.348 0.001 0.005
Ospina = 0] (0.298) (0.002) (0.026)
Wave [Wave 1 =0, Wave 2 = 1] 2.004 0.027** 0.013
(2.520) (0.002) (0.026)
Treatment * Wave 0.721 —0.029 —0.004
(0.207) (0.006) (0.035)
Round [1-5] —0.405 0.015%** 0.006**
(0.068) (0.000) (0.000)
Rule 2 [rotation] 0.542 —0.000 0.025*
(0.251) (0.001) (0.002)
Rule 3 [communication] 6.689 —0.059 —0.029
(1.755) (0.012) (0.005)
Workshop assistance (proportion in group) —4.117*%* —0.035 —0.053**
(0.064) (0.008) (0.002)
Workshop assistance * Wave 1.842 0.015 0.053
(0.606) (0.018) (0.053)
Participated in both waves (proportion in group) —1.484 —0.009 —0.046
(3.141) (0.003) (0.009)
Initial resource —0.001**
(0.000)
Average age —0.020 0.001 —0.000
(0.034) (0.001) (0.000)
Women (proportion in group) —0.082* —0.001 0.000
(0.009) (0.000) (0.000)
Average expenditure 0.292 —0.011 —0.025
(1.174) (0.006) (0.009)
Average years in community 0.009 —0.001 0.003
(0.021) (0.001) (0.001)
Average household size —0.507 0.005 —0.003
(0.298) (0.002) (0.001)
Average education 0.081 0.015 —0.026
(0.157) (0.006) (0.009)
Average animals index —0.023 0.000%** 0.000
(0.005) (0.000) (0.000)
People in crop with garden/orchard 3.656** —0.029 0.057
(0.168) (0.022) (0.025)
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Table A.4. (Continued)
M @ 3)
Total Group  Gini Index in  Gini Index in
Variables Contribution ~ Contributions Extractions

People in group with drinking through 1.907** —0.035 —0.030
(0.098) (0.007) (0.012)

Average satisfaction with water —0.081 0.010 —0.011
(0.683) (0.005) (0.002)

People beliefs: water in 10 years —1.005 0.001 —0.003
(1.379) (0.018) (0.032)

Average phone number from neighbors —0.595%** —0.003* —0.004
(0.005) (0.000) (0.007)

Average neighbors that would show for 0.982 —0.006 0.019
community service (0.187) (0.004) (0.015)
Average people that volunteer last year 1.672 0.020** 0.003
(0.528) (0.002) (0.080)

Average neighbors that would lend water 0.774 0.001 —0.003
(0.435) (0.011) (0.005)

Constant 32.809 —0.014 0.319
(9.267) (0.113) (0.148)
Observations 1,120 1,120 1,120
R-squared 0.516 0.479 0.496
Clustered errors by aqueduct YES YES YES

Notes: Robust standard errors in brackets, ***p < 0.01, **0.01 < p < 0.05, *0.05 < p < 0.10.
Coefficients without stars are not statistically significant (p > 0.10).

Table A.5. OLS Estimates for Individual Contribution Percentage by Each Position Assigned in the
First Stage of Wave 1

€y 2 3) 4 5)
Variables A B C D E
Lagged Gini in con- —50.6044 —58.1844*** 32 4698* —46.6475* —49.0021**
tributions (23.7408) (0.6453) (3.1325) (6.5952) (3.1670)
Lagged Gini in —4.3879 —19.0063 —19.5053* —15.1582**  —12.0410
extractions (6.8612) (9.7477) (2.9350) (0.6181) (10.4531)
Wave [Wave 1 =0, 154.2326%* —9.0988 —166.7009%** -2 286.7849** —67.4359**
Wave 2 = 1] (5.8688) (37.3583) (0.8422) (91.2082) (2.7872)
Aqueduct 603.2157*** —12.8713 —197.7519%** -2 623.7962** 10.3156
(2.3216) (58.3057) (0.5799) (105.0170) (1.8119)
Treatment * Wave —20.4719 33.7605 172.3637*** 4,400.0138%* 74.0325
(13.0775) (67.2448) (0.8836) (179.8116) (11.8023)
Workshop —0.6287 80.8677 —19.2670*** —298.6747**  140.6844**
(19.3880) (91.1204) (0.0973) (13.2768) (10.0866)
Workshop * Wave —527.3081** —125.3998 32.8896*** —2 215.3500** —367.5892**
(38.8428) (178.9887) (0.3503) (92.0142) (22.0110)
Rule 2 [rotation] —4.2179* —0.4768 —0.8900 5.2713* 4.9410
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1) (2) 3) 4 (5)
Variables A B C D E
(0.3740) (0.6166) (2.2914) (0.7225) (1.4637)
Rule 3 12.2688* 12.3248 13.4301 15.1616 21.5076*
[communication] (1.4487) (5.4377) (7.4124) (4.0597) (2.7171)
Age —19.7593** 0.1356 2.4160%** 21.4369**  —1.7196%**
(0.8073) (1.5251) (0.0051) (0.8484) (0.1219)
Gender —417.4542**  —28.9931* —49.0240*** 1,302.4842**  115.5064**
(21.1579) (2.9436) (0.0266) (53.7160) (1.9172)
Average 148.1979** 35.0891 —30.2765%***  268.6472%* 55 8352%*%*
expenditure (4.1457) (37.8949) (0.0062) (10.7857) (0.8745)
Education —148.6238%** —6.7700 26.8267*** 241 9357** 21.7854**
(6.4180) (22.4234) (0.2530) (9.5701) (1.6050)
Animals index 31.8164** —2.9919* —6.5119%%* 53.2228** 9.54(02%*
(1.4842) (0.2459) (0.0336) (2.0737) (0.0780)
Orchard or garden 595.7939** 14.0261 —102.5901%**  484.1909** —81.2276%**
(27.3606) (7.4387) (0.2189) (20.9977) (2.4076)
Drinking trough 23.1870%* 22.6281 53.1242%** _516.6824** 26.2939*
(2.0002) (67.8889) (0.1176) (20.2014) (3.3539)
Water in 10 years = —622.5163**  —17.6451 —148.1798***  715,1229** —55455]**
(21.0523) (12.9403) (0.3252) (28.5928) (3.5690)
Phone number from —23.6551* —6.2998 —4.5344%*%% 147 .9752%* 5.0692%**
neighbors (2.2145) (11.7552) (0.0370) (6.1413) (0.0128)
Volunteer last year 242.6627** —2.9858 —71.5384*** 46.0513**  —58.4879**
(7.3243) (54.5030) (0.3714) (2.1486) (1.5111)
Constant 1,269.7162**  102.7832 232.6903*** —538.8826** 92.0677**
(76.4522) (94.5719) (3.0879) (31.2408) (4.9505)
Observations 1,106 1,120 1,120 1,106 1,120
R-squared 0.5121 0.5565 0.4846 0.5366 0.5097
Session fixed effects YES YES YES YES YES
and errors
clustered by
aqueduct

Notes: Robust standard errors in brackets, ***p < 0.01, **0.01 < p < 0.05, *0.05 < p < 0.10.
Coefficients without stars are not statistically significant (p > 0.10).
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Table A.6. OLS Estimates for Individual Relative Contribution by Each Position Assigned in the

First Stage of Wave 1

M @ 3 “ ®)
Variables A B C D E
Lagged Gini in —0.0158 —0.0378 0.0655 —0.0186 0.0103
contributions (0.1083) (0.0156) (0.0312) (0.0267) (0.0368)
Lagged Gini in 0.0420 —0.0166 —0.0191 —0.0166 0.0094
extractions (0.0300) (0.0164) (0.0492) (0.0144) (0.0172)
Wave [Wave | =0, 0.5663** 1.3043**  —0.5065**  —6.8300** —0.3646**
Wave 2 = 1] (0.0273) (0.0607) (0.0120) (0.2097) (0.0088)
Aqueduct 2.2314%** 2.1610**  —0.6394**  —7.9004** 0.0571
(0.0080) (0.0950) (0.0186) (0.2385) (0.0314)
Treatment * Wave —0.0620 —2.3887** 0.5569** 13.0549** 0.2258
(0.0591) (0.1081) (0.0203) (0.4058) (0.1245)
Workshop 0.0953 3.4169** —0.0330* —0.8430** 0.4948
(0.0874) (0.1520) (0.0043) (0.0323) (0.1178)
Workshop * Wave —2.1699* —6.6141*%*  —0.0030 —6.4651%*  —1.4425*
(0.1732) (0.3002) (0.0059) (0.2029) (0.2274)
Rule 2 [rotation] —0.0238* —0.0049**  —0.0062 0.0180* 0.0166
(0.0034) (0.0001) (0.0063) (0.0018) (0.0050)
Rule 3 [communication] —0.0188 —0.0071 —0.0064 0.0042 0.0275***
(0.0131) (0.0056) (0.0096) (0.0030) (0.0000)
Age —0.0759*%*  —0.0517** 0.0091*** 0.0665**  —0.0087**
(0.0036) (0.0025) (0.0001) (0.0020) (0.0006)
Gender —1.5875%*  —0.0007 —0.2112%%* 3.8638** 0.5337#%*
(0.0941) (0.0035) (0.0007) (0.1173) (0.0017)
Average expenditure 0.6222%* 1.4920%*  —0.1221%** 0.7672%*  —0.2534***
(0.0184) (0.0650) (0.0018) (0.0237) (0.0038)
Education —0.5732%%  —0.7775%* 0.0861**  —0.7249** 0.0943*
(0.0284) (0.0374) (0.0041) (0.0218) (0.0119)
Animals index 0.1245** 0.0047*  —0.0195** 0.1579** 0.0429%*
(0.0066) (0.0005) (0.0006) (0.0047) (0.0021)
Orchard or garden 2.3089**  —0.2840** —0.3616%** 1.3617**  —0.3437**
(0.1213) (0.0106) (0.0046) (0.0467) (0.0242)
Drinking trough 0.0987* 2.5045%* 0.2152%**  —1.5331** 0.0846
(0.0089) (0.1107) (0.0016) (0.0463) (0.0426)
Water in 10 years —2.4038%* 0.4617**  —0.5323*** 2.1692**  —0.1385
(0.0927) (0.0213) (0.0025) (0.0624) (0.0337)
Phone number from —0.0972* —0.4380** —0.0133** 0.4372%* 0.0214*
neighbors (0.0099) (0.0193) (0.0010) (0.0139) (0.0018)
Volunteer last year 0.9008** 2.0224%*  —0.2308%*** 0.0924**  —0.2760**
(0.0321) (0.0890) (0.0006) (0.0071) (0.0146)
Constant 4.7961** 3.0442%* 0.7505**  —1.5396** 0.4219*
(0.3491) (0.1562) (0.0137) (0.0588) (0.0596)
Observations 1,106 1,120 1,120 1,106 1,120
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Table A.6. (Continued)

ndReading

1) (2) 3) 4) (5)
Variables A B C D E
R-squared 0.4071 0.5113 0.4327 0.4704 0.3568
Session fixed effects and YES YES YES YES YES
errors clustered by
aqueduct

Notes: Robust standard errors in brackets, ***p < 0.01, **0.01 < p < 0.05, *0.05 < p < 0.10.

Coefficients without stars are not statistically significant (p > 0.10).

Table A.7. OLS Estimates Individual Fair Extraction Percentage by Each Position Assigned in the

First Stage of Wave 1

€8] 2 3) ) 6)
Variables A B C D E
Lagged Gini in con- —0.4081 —0.7262 —0.4989 —0.4333 —0.7386*
tributions (0.1094) (0.3554) (0.1967) (0.8405) (0.1114)
Lagged Gini in —0.6947* —0.3892 —0.4195 —0.2658 —0.3918
extractions (0.0872) (0.3749) (0.2098) (0.4842) (0.3212)
Wave [Wave 1 =0, 0.5436 —2.7217 1.2303* —59.6321** —1.3410*
Wave 2 = 1] (0.1144) (0.9520) (0.1478) (4.4038) (0.1938)
Aqueduct 1.1084 —4.1343 2.9794* —70.2178** —4.1155*
(0.3037) (1.3666) (0.2829) (4.9891) (0.5173)
Treatment * Wave —0.5079 3.6246 —2.3687* 118.0091** 15.2249%*
(0.0830) (1.6763) (0.2376) (8.4429) (1.9329)
Workshop 2.3317%** —7.7315 1.4385%* —8.9664* 13.8640%*
(0.0352) (2.2798) (0.0442) (0.7176) (1.5798)
Workshop * Wave —3.6055* 15.9993 —0.7543**%  —59.4946%** —25.4835*
(0.3031) (4.3619) (0.0364) (4.1461) (3.1086)
Rule 2 [rotation] 0.3946 0.0673 —0.1234* —0.4740%** —0.9544%*
(0.0857) (0.0395) (0.0177) (0.0070) (0.0275)
Rule 3 0.5184* 0.1359 —0.0014 —0.3458* —0.8182
[communication] (0.0789) (0.0638) (0.0386) (0.0417) (0.1943)
Initial resource 0.0069%* 0.0077* 0.0070* 0.0045%** 0.0078*
(0.0008) (0.0012) (0.0006) (0.0001) (0.0011)
Age —0.0707* 0.1231 —0.0244%** 0.5681* —0.0705*
(0.0096) (0.0406) (0.0015) (0.0449) (0.0082)
Gender —1.5255* 0.3214 —0.0338 36.2946** —2.1955%*
(0.1927) (0.0630) (0.0507) (2.4060) (0.0963)
Average expenditure  —0.3854 —3.5259 0.5670%* 6.8591%** 1.0922*
(0.0917) (0.8672) (0.0374) (0.4676) (0.0874)
Education —0.4549* 1.9584 —0.3164* —6.5115** 1.3688*
(0.0710) (0.5595) (0.0380) (0.4511) (0.1619)
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Table A.7. (Continued)

1) (2) 3) ) (5)
Variables A B C D E
Animals index 0.1198 0.11271%#%* 0.0598%* 1.3823** —0.4253*
(0.0197) (0.0017) (0.0094) (0.1005) (0.0371)
Orchard or garden 1.9201* 0.2871 0.9317* 13.6412%* —2.0450%*
(0.2592) (0.2083) (0.0856) (0.9502) (0.2710)
Drinking trough 0.2027*** —5.4495 0.5044**  —13.3232%** 4.8522*
(0.0021) (1.6918) (0.0320) (0.9837) (0.5597)
Water in 10 years —1.3989 —0.8962 1.9711* 19.3084** —3.8520*
(0.2866) (0.2460) (0.1646) (1.2573) (0.4965)
Phone number from  —0.1935** 0.9372 0.1778%** 3.9426%* 0.2263*
neighbors (0.0145) (0.2947) (0.0081) (0.2891) (0.0248)
Volunteer last year 0.4108 —3.9429 —0.3726** 1.3799%* —0.6349
(0.0980) (1.3047) (0.0071) (0.2007) (0.1296)
Constant 3.9099* —10.0234 —4.5430**  —18.9633** —5.6099%*
(0.4101) (2.5862) (0.3505) (1.2082) (0.7193)
Observations 985 1,008 963 918 899
R-squared 0.5343 0.5369 0.4834 0.4274 0.4838
Session fixed effects YES YES YES YES YES

and errors clus-
tered by aque-
duct

Notes: Robust standard errors in brackets, ***p < 0.01, **0.01 < p < 0.05, *0.05 < p < 0.10.
Coefficients without stars are not statistically significant (p > 0.10).

Table A.8. OLS Estimates for Individual Extraction Level by Each Position Assigned in the First
Stage of Wave 1

@ @ 3) @) )
Variables A B C D E
Lagged Gini in —4.7172 11.2439 2.7980 —3.9822 —6.5783
contributions (2.6954) (5.2448) (1.7002) (2.5461) (5.7925)
Lagged Gini in 6.1776 —3.2398 —5.1722 —1.1935 41719
extractions (2.2084) (4.3780) (0.9841) (1.9393) (3.4461)
Wave [Wave 1 =0, —15.8886 —143.5848*** —21.0280**  302.7375** 19.1862*
Wave 2 = 1] (5.7334) (1.6468) (0.5942) (11.6741) (2.3185)
Aqueduct 4.3862 —232.0321%* 2.5993 350.7464** 25.5353
(25.8949) (4.6859) (0.4922) (14.6037) (4.3284)
Treatment * Wave 27.5970%* 279.0679*** —32001** —574.0335** —117.1977*
(1.2285) (3.5165) (0.2473) (20.5179) (12.7612)
Workshop 16.9440 —330.5550%** —37.2574*%* 39 7375%%* _102.6045*
(4.1743) (4.4902) (0.1403) (0.3394) (10.6559)
Workshop * Wave —42.4354 640.2365**  41.3831***  284.3403** 218.7141%**
(30.8792) (10.5320) (0.4883) (8.3292) (16.9516)
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Table A.8. (Continued)

@ @ 3) ) ()
Variables A B C D E
Rule 2 [rotation] —13.3178** —3.5927 2.0497%* 5.6651 8.5207%**
(0.7928) (0.9509) (0.2271) (1.0999) (0.3290)
Rule 3 —14.9986* —2.1911 0.6810 6.4334* 9.2813
[communication] (1.3416) (2.3082) (1.0777) (0.8745) (1.8453)
Initial resource 0.2229%*>* 0.2314* 0.1952%* 0.1678 0.1691*
(0.0025) (0.0335) (0.0056) (0.0280) (0.0185)
Relative contribution 5.3882 20.0766 8.0631*** 21,2797 23.5276
(10.8710) (5.8648) (0.0063) (9.7636) (7.4197)
Age —1.0077 5.7313%**  (,5312%%* D g54]%* 0.6051%**
(0.9863) (0.0160) (0.0064) (0.1679) (0.0194)
Gender —24.5642 —11.5971**  —6.1582** —164.0601** 2.4136
(21.1635) (0.4843) (0.1820) (5.5814) (4.1282)
Average expenditure 8.5073 —139.5632%*  —4.2463**  —33.584]1** —1.1442
(7.5935) (3.8858) (0.0717) (0.5787) (2.4882)
Education —9.2747 79.1016%**  1,7638%* 32.9053**  —11.3489**
(7.4955) (0.7983) (0.0432) (1.2204) (0.4662)
Animals index 2.3532 —3.6404%** 0.3830%** —6.7998%** 1.1719
(1.6464) (0.1018) (0.0251) (0.2913) (0.5558)
Orchard or garden 36.7130 44.5833*** —12.2338**  —60.7498***  26.5861**
(30.4090) (0.4432) (0.3573) (0.8415) (0.8104)
Drinking trough 3.9162 —254.7336%** —11.8122%** 66.2012**  —32.0592*
(1.4992) (3.2680) (0.2349) (2.5691) (4.8385)
Water in 10 years —32.9300 —49.8271** —15.7364**  —93.3946%* 28.5794*
(30.5587) (1.6023) (0.6041) (3.6928) (3.5495)
Phone number from —2.2344 45.1861%** —1,1294%** 19 2678** —2.3560%**
neighbors (1.4298) (0.5979) (0.0133) (0.6165) (0.1601)
Volunteer last year 12.1884 —222.8393** -9 ,5283*%* —7.6029%* 10.3786%**
(11.3617) (4.0570) (0.3119) (0.4383) (0.1453)
Constant 99.6354 —310.1354%***  25,9452%%* 56.4247***% 122704
(65.2059) (3.1833) (0.7329) (0.3396) (8.8346)
Observations 1,106 1,120 1,120 1,106 1,120
R-squared 0.4576 0.4207 0.4432 0.4324 0.4004
Session fixed effects YES YES YES YES YES

and errors clus-
tered by aqueduct

Notes: Robust standard errors in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.
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Table A.9. OLS Estimates for Individual Payoffs by Each Position Assigned in the First Stage of

Wave 1
@ 2 3) 4 )
Variables A B C D E
Wave [Wave 1 = 0, —5.7442 —91.4248*  —36.3243** 336.2598* 7.8671*
Wave 2 = 1] (2.8230) (12.8672) (2.7608) (45.9245)  (0.9293)
Treatment 34.7314**  —154.3707* —6.1173 389.0995* 15.9388
(1.5229) (21.0991) (2.1993) (54.0278)  (3.6358)
Treatment * Wave 17.0032 181.3512* 7.6570 —650.4432* —67.7863
(4.0595) (23.7241) (1.8995) (90.1892) (12.0954)
Workshop 12.5379* —205.2539* —28.4887*** 51.1499* —61.6082*
(1.7495) (30.0278) (0.2156) (6.4262) (7.0137)
Workshop * Wave —58.4979** 410.7116* 30.9942** 327.4613* 121.0926*
(1.6743) (59.0715) (0.5921) (44.8225)  (13.4702)
Round —0.1807 —0.3095 —0.0505 0.2444 0.2707
(0.3856) (0.2058) (0.3783) (0.2796) (0.7343)
Rule 2 [rotation] 2.4852 13.2021 17.9253 22.2773%** 25.5361*
(2.9803) (2.1130) (3.5060) (0.2790) (2.3035)
Rule 3 —5.0826 12.4006 10.2136 20.5434* 23.9932*
[communication] (11.9894) (2.4052) (3.5684) (1.7811) (2.4989)
Treatment * Rule 2 2.3487** 1.4396%** —0.1947 —2.7673**  —0.9654**
(0.0842) (0.0440) (0.0394) (0.0442) (0.0516)
Treatment * Rule 3 —0.4006 —0.3173 2.8376** —0.6488 —4.4211*
(1.8077) (0.4717) (0.2007) (0.5306) (0.3673)
Rule 2 * Position —5.4088** —5.2818** —5.2753* —5.4089* —5.8164*
(0.2821) (0.3294) (0.5142) (0.4593) (0.5014)
Rule 3 * Position —2.9729 —4.5202%*  —3.6336%** —4.9724 —4.8830
(2.6886) (0.2829) (0.0277) (1.3060) (1.4839)
Initial resource 0.2062** 0.1594* 0.1400%** 0.1108 0.1121*
(0.0035) (0.0222) (0.0093) (0.0279) (0.0113)
Relative contribution —21.4282 —14.8113 —19.5258* —17.7125 —19.6863
(12.3464) (3.7363) (2.2238) (8.6848) (4.4227)
Age —1.8530%** 3.7466* 0.5754** —3.1286* 0.2772%%*
(0.0783) (0.4911) (0.0325) (0.4526) (0.0023)
Gender —42.6337** —8.4639* —8.6197* —190.7890* 3.4443
(2.4845) (0.9559) (0.6840) (27.7458)  (5.1771)
Average expenditure 16.8251%** —86.8774* —4.2472%* —39.5627* —0.6006
(0.6298) (13.3609) (0.2859) (5.1821) (2.7299)
Education —15.2950%** 50.5973* 3.5621* 36.7898* —6.4629%*
(0.3622) (7.1719) (0.4094) (4.9783) (0.4850)
Animals index 3.7813* —3.4277** —0.0474 —7.7706* 0.9353
(0.2984) (0.0951) (0.0980) (1.1135) (0.5232)
Orchard or garden 59.3769%*** 36.6712** —16.1711* —75.3896*  14.9726%***
(0.4045) (2.8205) (1.4276) (9.9563) (0.1688)
Drinking trough 4.0003* —165.2041* —8.7722%* 75.9253* —19.6691*
(0.5830) (22.7704) (0.7456) (10.8110)  (2.8018)
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Table A.9. (Continued)

1 @ 3) @ )
Variables A B C D E
Water in 10 years —58.2528***  —31.3417* —15.7569*  —100.5945*  19.6025*
(0.6453) (4.9596) (1.5810) (14.2048) (1.8689)
Phone number from —3.2472%* 28.7274* —0.5699***  —21.6610* —1.0452*
neighbors (0.2159) (3.9805) (0.0061) (2.9186) (0.1299)
Volunteer last year 21.1318***  —152,5738* —22.5874** —11.7450** 1.7062
(0.0280) (19.0896) (1.5590) (0.7139) (0.5464)
Constant 89.4170%** 123.7001* 58.5270* —694.1887* —11.1435**
(1.3915) (16.8405) (6.2355) (96.2706) (0.3178)
Observations 1,185 1,200 1,200 1,185 1,200
R-squared 0.5325 0.5023 0.5178 0.4949 0.4644
Session fixed effects YES YES YES YES YES

and errors clustered
by aqueduct

Notes: Individual Payoff = (10 — Contributed Tokens) + Extracted Units. Robust standard errors in
parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

Table A.10. GLM Estimates for Individual Contribution and Extraction

Variables

Lagged Gini in contributions
Lagged Gini in extractions
Wave [Wave 1 = 0, Wave 2 = 1]
Aqueduct

Treatment * Wave

Workshop

Workshop * Wave

Rule 2 [rotation]

Rule 3 [communication]

Position in watershed

€y} 2 3)
Contribution Percentage Relative Contribution Share Extracted
—47.4305%** 0.0009 0.1107%***
(3.1933) (0.0009) (0.0331)
—14.0396%** —0.0002 0.1048*
(4.5027) (0.0001) (0.0630)
1.1190 —0.0168*** —0.2057%***
(2.1782) (0.0057) (0.0056)
—9.0489%*** —0.0442%** —0.1223%**
(2.0069) (0.0077) (0.0014)
3.4520%** 0.0428%** 0.5008%**
(0.4964) (0.0010) (0.0180)
2.4282 0.0084 0.0472%**
(4.4790) (0.0180) (0.0058)
—4.7201* —0.0160 —0.0218%***
(2.7620) (0.0113) (0.0048)
1.3967 —0.0005 0.0808***
(2.2784) (0.0068) (0.0243)
14.9644%** —0.0025 —0.0495%**
(0.1786) (0.0158) (0.0008)
—3.2989%** —0.0155%** 0.1078%**
(0.1705) (0.0005) (0.0165)
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Table A.10. (Continued)

1) 2 (3)
Variables Contribution Percentage Relative Contribution Share Extracted
Rule 2 * Position —0.1593 0.0001 —0.0185%**
(0.6475) (0.0023) (0.0056)
Rule 3 * Position —0.0037 0.0008 0.02271*%*
(1.4187) (0.0052) (0.0063)
Initial resource —0.0016%**
(0.0000)
Relative contribution —0.0606
(0.0988)
Constant 76.4425%** 0.2616*** 0.4154%%*
(9.7128) (0.0571) (0.0488)
Observations 5,572 5,572 4,773
Session fixed effects and errors YES YES YES

clustered by aqueduct

Notes: Standard deviations in brackets, ***p < 0.01, **0.01 < p < 0.05, *0.05 < p < 0.10. Coefficients
without stars are not statistically significant (p > 0.10).

Table A.11. GLM Estimates for Group Contribution

(€3]
Variables Total Group Contribution
Lagged Gini in contributions —32.304***
(1.197)
Lagged Gini in extractions —7.560%**
(0.175)
Treatment 1.348%**
(0.294)
Wave [Wave 1 = 0, Wave 2 = 1] 2.004
(2.490)
Treatment * Wave 0.721%%*
(0.204)
Round [1-5] —0.405%**
(0.067)
Rule 2 [rotation] 0.542%*
(0.248)
Rule 3 [communication] 6.689%***
(1.735)
Workshop assistance (proportion in group) —4.117%%*
(0.063)
Workshop assistance * Wave 1.842%**
(0.599)
Repeating group (wave 2) —1.484
(3.104)
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Table A.11. (Continued)

M
Variables Total Group Contribution
Constant 32.809%**
(9.159)
Observations 1,120
Clustered errors by aqueduct YES

Notes: Standard deviations in brackets, ***p < 0.01, **0.01 < p < 0.05,
*0.05 < p < 0.10. Coefficients without stars are not statistically signifi-
cant (p > 0.10).

Appendix B. Comparing the Two Aqueducts

There were significant differences in behavior between the two aqueducts during
the first wave. Water users from the Mariano Ospina aqueduct contributed more in
the first 10 rounds but the water produced was more unevenly distributed than in
the sessions conducted in the Pastor Ospina y Flores aqueduct. However, in the last
five rounds face-to-face communication seems to be more effective in Pastor
Ospina y Flores since the average contribution increased from 4.59 to 7.1 units
compared to 5.1 to 6.2 units in Mariano Ospina. The extraction slope in Pastor
Ospina y Flores decreased from 4.8 in the first two stages to 3.6 in the group
communication stage, while in Mariano Ospina this indicator only falls by 0.5
units. Similarly, provision levels and fairness in extraction significantly increased
during the group communication stage in Pastor Ospina y Flores, in comparison to
Mariano Ospina. In the first wave, the share extracted was significantly lower in
Pastor Ospina y Flores while the fair extraction percentage was higher.

In the second wave, players’ behavior changed in the two aqueducts. In the
aqueduct Mariano Ospina contributions to the public fund decreased in relation to
the first wave (Figure B.1). Conversely, the average contribution increased in
Pastor Ospina y Flores relative to the first wave and was higher than Mariano
Ospina during the three stages. In addition, equity in the extraction distribution —
measured with the extraction slope indicator — improved in Pastor Ospina y
Flores, but worsened in Mariano Ospina.

We also used the Gini coefficient in contributions and extractions calculated by
round and group as an additional measure of equity. We observed important dif-
ferences between aqueducts between waves. During the first two stages of wave 1
the Gini in contributions showed higher equity in Mariano Ospina, but in the third
stage, the indicator fell more in Pastor Ospina y Flores. In other words, face-to-face
communication was more effective in Pastor Ospina y Flores. In Pastor Ospina y
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Flores, the distribution of contributions during the first two stages was more un-
equal relative to Mariano Ospina and therefore, it was more feasible to improve the
distribution of investments in the water fund through communication. Furthermore,
in wave 2 the equity of contributions in the second wave is always better in Pastor
Ospina y Flores (Figure B.2).

A similar pattern is observed for the Gini coefficient of group extractions in each
round. In the first two stages of wave 1 the distribution indicator is similar for both
aqueducts, but during the third stage the extraction distribution improves much
more in Pastor Ospina y Flores. In the second wave, the extraction distribution
remains more unequal during the whole game in Mariano Ospina. This suggests
that face-to-face communication was more effective in Pastor Ospina y Flores. In
wave 2, players’ behavior changed in a different way in each aqueduct. In the
group that received the workshop the Gini coefficient of group extraction reflects
more fairness, while in the other group it reflects more inequity, suggesting that the

Average percentage of extraction from the total

Average contribution by aqueduct and waves left to each player

wav;e 1 wa\‘/e 2 Wave 1 Wave 2

I Mariano Ospina I Mariano Ospina Pastor ospina

Data for rounds 1-10

I
I I I

T
Wave 2

Pastor ospina
Data for rounds 1-10

Tokens contributed / Water extracted
Tokens contributed / Water extracted

T T T
Wave 1 Wave 1 Wave 2

‘ I Mariano Ospina

Pastor Ospina ‘

Figure B.1. Average Contribution (Left Panel) and Extraction (Right Panel) by Aqueduct and Waves
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Figure B.2. Gini Coefficients Over Time for Contributions (Left Panel) and Extraction Levels (Right
Panel) for Both Waves

Mariano Ospina Pastor Ospina ]

workshop may have had a positive effect in the fairness behavior in game, but the
games alone may have triggered unfair behavior (Figure B.2).

We hypothesize that the differences mentioned above are attributable to the
workshop conducted in Pastor Ospina y Flores, but it is hard to disentangle the
effects of the workshop from pre-existing conditions or features that differ in
between aqueducts.
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