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Game-based education promotes sustainable water use1

Ennio Bilancini∗ Leonardo Boncinelli† Roberto Di Paolo‡2

Abstract3

In this study we estimate the impact of a game-based educational program aimed at4

promoting sustainable water usage among 2nd-4th grade students and their families5

living in the municipality of Lucca, Italy. To this purpose we exploited unique data from6

a quasi-experiment involving about two thousand students, one thousand participating7

(the treatment group) and one thousand not participating (the control group) in the8

program. Data were collected by means of a survey that we specifically designed and9

implemented for collecting students’ self-reported behaviors. Our estimates indicate10

that the program has been successful: the students in the program reported an increase11

in efficient water usage and an increase in the frequency of discussions with their parents12

about water usage; moreover, positive effects were still observed after six months. Our13

findings suggest that game-based educational programs can be an effective instrument14

to promote sustainable water consumption behaviors in children and their parents.15

Keywords: Water consumption, Prosocial behaviour, Field quasi-experiment, Game-16

based learning, Games for social change, Primary school.17
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1 Introduction23

Sustainable water consumption is relevant for the general sustainability of current and future24

societies (Wada and Bierkens, 2014; Kummu et al., 2016; Liu et al., 2017; Greve et al., 2018).25

Sustainable water consumption is, in many cases, an instance of prosocial behaviour in a26

social dilemma (Hardin, 1968): a situation in which a conflict exists between maximizing27

one’s individual benefits and maximizing the benefits of the present and future generations.28

Individuals who are purely self-interested are less likely to adopt the prosocial behaviors that29

lead to sustainable water consumption, unless social norms exert sufficient social pressure30

to push self-interested individuals to do otherwise. Since the acquisition of preferences for31

prosocial behaviors as well as the internalization of social norms take place, in a substantial32

part, during childhood (House and Tomasello, 2018; House et al., 2020), it becomes a critical33

goal to create opportunities for young children to develop such preferences and internalize34

norms of sustainable water consumption (Copple et al., 2013; Cobo-Reyes et al., 2020).35

Early childhood education is the natural starting point for a life-long learning. During36

the past years, a variety of educational methods to promote prosociality in children have37

been successfully implemented. These methods include play space, multi-use toys, dedicated38

books, group play, and organized gaming (Orlick, 1983). In particular, the kind of social39

interactions that come from group play and organized gaming, as well as the time that40

gaming can occupy in children’s daily lives, make game-based educational programs a natural41

candidate tool for promoting desirable behaviors. Some studies, in recent years, evaluated42

the relevance of programs which encourage good practices in environmental benchmarks,43

such as the use of water (Niles et al., 2013; Cuadrado et al., 2017). In a field experiment44

(Schultz et al., 2016) the role of social norms in promoting water conservation was studied,45

finding that people who received normative information about similar household in their46

neighborhoods consumed less water than the control group; moreover, people with already47
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strong personal norms were less affected by the normative information than those with48

low personal norms. Importantly, children are able to recognize if prosocial norms apply to49

specific situations (Blake et al., 2015), so that it becomes important that children understand50

what is sustainable water consumption and can relate their behavior to concrete and specific51

situations such as water collection or body washing.52

In this paper we provide evidence regarding the effectiveness of a game-based educational53

program implemented during the first eleven months of the year 2019 in the municipality54

of Lucca, Italy. The program was named BLUTUBE: Who brings the water home and was55

aimed at promoting sustainable water consumption as well as awareness about the municipal56

water system and its usage. The targets of the program were about 1000 students from 2nd-57

4th grades and their families. The program relied primarily on ludic engagement for the58

specific objectives of improving students’ awareness about the water cycle in nature, the59

water system of the municipality of Lucca, and the daily usage of water.60

Our approach to the empirical assessment of the program’s impact is based on the quasi-61

experiment methodology (Campbell and Stanley, 2015): we had no possibility to intervene di-62

rectly on the organization of the program, but we were able to implement a simple two-group63

design (treatment and control) and collect three distinct measurements of target outcome64

variables over a period of eleven months. In particular, we elicited the students’ awareness65

and their behaviors about water consumption with three waves of surveys administered, re-66

spectively, immediately before the program started, some days after the main activities were67

over, and after six further months. Responses to this kind of questionnaires have been shown68

to be a reliable source of information on children’s perspectives and perceptions (Danielson69

and Phelps, 2003).70

Our main finding is that the program had a positive impact on the awareness of water71

usage. This effect is primarily driven by an increase in the frequency of self-reported virtuous72

behaviors regarding water consumption and discussions with parents about water. Moreover,73
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such positive effect appears to be persistent: six months after the end of the main activities74

of the program the effect is still positive and of appreciable size.75

2 Results76

Our final sample consists of 52 classes in the treatment group (one class envelope was lost77

during the collection process) and 53 in the control group, for a total of 105 classes and 527378

questionnaires (up to three per student). Figure 1 reports the timing of the program and79

the three survey waves used to measure reported behavior. The pre-program wave involved80

869 students in both treatment and control group. The post-program wave involved 89581

students in the treatment group and 860 students in the control group. After 6 months, the82

last wave involved 908 students in the treatment group and 872 in the control group. The83

final sample consists of 5273 questionnaires (see Table 2 in Appendix A).84

Figure 1: Timeline of quasi-experimental study of the intervention program.

Summary statistics by treatment and control groups for the pre-program survey show85

that the two groups are not well balanced (see Table 3 in Appendix A): while the difference86

in the number of students per class is only marginally not statistically significant (Z =87

−1.95, p = .051), the difference in the measured students’ cognitive skills is statistically88

significant (Z = −2.30, p = .031) as well as the distribution of grades (Z = 4.99, p < .0001).89

These differences are mainly due to the fact that the distribution of students across grades90

is quite different between the treatment and the control group (for the 2nd grade there are91

818 students in the treatment group and 855 in the control group; for the 3rd grade there92

are 621 students in the treatment group and 1123 in the control group; for the 4th grade93
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there are 1162 students in the treatment group and 694 in the control group). In the light of94

this, we checked whether there is any difference in the reported behavior in the pre-program95

survey. Importantly, there is no statistically significant difference in the aggregate reported96

behavior between the control and the treatment group (Z = −1.30, p = .193). Aggregate97

reported behavior is constructed summing up the answers to all 7 questions of relevance98

here, so that (with a Likert scale going from 1 to 5) the aggregate variable ranges from a99

minimum of 7 (least sustainable reported behavior) to a maximum of 35 (most sustainable100

reported behavior).101

We also looked at the distribution of answers in the pre-program survey for each of the102

7 questions, testing for statistically significant differences. In four cases we found that the103

distribution of answers are not statistically different between the treatment and the control104

group, namely: Shower (Z = −0.18, p = .849); Fountain (Z = 0.84, p = .397); Vegetables105

(Z = −0.69, p = .488); Waste (Z = 1.69, p = .091), while in 3 cases we found statistically106

significant differences: Teeth (Z = −3.05, p = .002), Hands (Z = −2.36, p = .018) and107

Parents (Z = −2.27, p = .023).108

In the light of these results we adopt a two-step strategy. First, we carry out a non-109

parametric analysis of the treatment effect on the aggregate reported behavior. This is110

possible because, although the treatment and control groups are not perfectly balanced, the111

aggregate variable comes with similar levels in the two groups for the pre-program survey.112

We then check the robustness of non-parametric results by running regressions for each wave,113

including controls for the sample characteristics in order to correct for the lack of sample114

balancedness.115

Second, we study the treatment effect on the reported behavior for each of the 7 questions116

using ordered logit regressions where we pool all data and we control for sample character-117

istics, the 3-survey structure, and their interaction with the treatment. This allows us to118

obtain indications about the source of the treatment effects estimated at the aggregate level,119
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taking into account the fact that some reported behaviors do not come with similar levels120

in the pre-program survey. Also, we previously carry out a non-parametric analysis of the121

treatment effect for each of the 7 questions in order to give a complete picture about the122

differences in reported behavior across both the three surveys and the treatment and control123

groups.124

Finally, one might wonder if the answers to the 7 questions can be accounted for by a few125

common factors. Correlation analysis and principal component analysis suggest that this is126

not quite the case (see Appendix B.1).127

2.1 Aggregated reported behavior128

Figure 2 reports the cumulative distribution function of the aggregated reported behavior in129

the three waves (pre-program, post-program, and post6-program, i.e., 6 months after post-130

program) for both control and treatment groups. While the distributions of treatment and131

control groups in the pre-program do not appear to be different, in the post-program and132

post6-program the distributions of the treatment group are shifted to the right; in partic-133

ular, the distribution of the treatment group appears to first order stochastically dominate134

the distribution of the control group. Epps-Singleton test of the equality of the distribu-135

tions confirms this: we reject the hypothesis that the distributions of treatment and con-136

trol groups are the same in both the post-program survey and the post6-program survey137

(W2 = 62.243, p < .001 and W2 = 30.943, p < .001, respectively), while we cannot re-138

ject the hypothesis that the distributions of treatment and control groups are the same in139

pre-program survey (W2 = 2.331, p = .675).140

In Figure 3 the means of the aggregated reported behavior are compared between treat-141

ment and control groups, by survey wave. No statistically significant difference is found142

for the pre-program survey (Z = −1.300, p = 0.193). In contrast, for the post-program143

we find that the treatment group has a statistically higher average of about 2.11 with144
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Figure 2: Cumulative distribution function of the aggregated reported behavior by conditions and waves.
Distributions in the post-program and 6 months after are shifted to the right in the treatment group, with
a statistically significant differences between conditions. ES stands for Epps-Singleton test.

respect to the pre-program treatment group (Z = −9.055, p < 0.001) and a statistically145

significant higher average of about 1.72 with respect to the post-treatment control group146

(Z = −7.479, p < 0.001). These numbers range from 1.32% to 7.04% of the pre-program av-147

erage, suggesting that the treatment has had a substantial impact between the pre-program148

and the post-program surveys.149

Furthermore, Figure 3 shows that there is no appreciable difference between the aggre-150

gated behavior in the treatment group between the post-program survey and the post6-151

program survey (Z = 0.165, p = 0.869). Also, although the the average aggregated behavior152

of the control group increases of about 0.56 points between the post-program and the post6-153
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program surveys, we still find a statistically significant difference between the treatment and154

the control groups in the post6-treatment survey (Z = 5.271, p < 0.001). Together, these155

findings suggest that the effect of the treatment is persistent, at least until the official end156

of the program (about 9 months after its start).157
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Figure 3: Average of the aggregated reported behavior by conditions and waves. In the pre-program period,
the aggregated reported behavior in the treatment group is not significantly different from the control group
(Mann-Whitney test, Z = −1.300, p = 0.193). In the post-program period and after 6 months, the aggregated
reported behavior in the treatment group is significantly higher respect to the control group (Mann-Whitney
test, Z = −7.479, p < 0.001 and Z = −5.271, p < 0.001, respectively). The treatment effect is stable after 6
month (Mann-Whitney test, Z = 0.165, p = 0.869). Error bars represents the 95% confidence interval.

The findings described above rely on the assumption that the lack of balance between158

treatment and control groups did not bias our estimates. In order to control for such potential159

problem we run linear regression models where aggregated reported behavior is predicted160

by the treatment and a number of controls. Importantly, since students came from different161

schools and classes, and that in one school there is the possibility to have more than one162
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class treated, we are able to control for schools including school fixed effects. In addition,163

besides a dummy variable for the treatment (which is equal to 1 if the student belongs to164

the treatment group), we include a dummy for the grade (omitted category is 2nd grade),165

an index of cognitive skills (fraction of correct answers in logical/mathematical questions),166

and the number of students in the class. We run similar regressions for the pre-program, the167

post-program, and the post6-program surveys. Results are reported in Table 1.168

Table 1: Linear Fixed Effect Regression

Pre Post Post 6 Months

(1) (2) (3) (4) (5) (6)
Treatment .534 1.13 1.89*** 2.17*** 1.12** 1.27*

(.379) (.593) (.394) (.550) (.384) (.594)
3rd Grade 1.07 .927 1.21

(.610) (.574) (.703)
4th Grade 2.05*** 1.65*** 1.10*

(.418) (.443) (.492)
TR × 3rd -.811 -.481 -.645

(.802) (.782) (.809)
TR × 4th -.088 .182 .018

(.770) (.736) (.776)
Cognitive Skills .187 -.011 .647*

(.227) (.233) (.261)
Students -.002 .055 .092

(.045) (.038) (.048)
Constant 21.9*** 20.6*** 22.6*** 20.7*** 23.3*** 20.5***

(.262) (.830) (.251) (.727) (.268) (.793)

N 1685 1685 1732 1732 1765 1765

The dependent variable is the aggregated reported behavior on good/bad practices of water
usage. Treatment is equal to 1 if the students are in the treatment group, 0 otherwise.
Grade is the students’ year group. 2nd Grade is the reference category. Cognitive Skills is
equal to 1 if the result obtained in the logical and mathematical questions are higher than
the median, 0 otherwise. Students is the number of students in each class. In all cases, we
control for school fixed effects. Standard errors (in parenthesis) are clustered at class level.
* p < 0.05, ** p < 0.01, *** p < 0.001.

Column (1) reports the results of the school-fixed effect regression in the pre-program169

survey. No statistical significant effect of the treatment is found in this case. The result is170

confirmed by the estimates reported in Column (2) where the regressors include controls for171
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the grade of the students, their interaction with the treatment, an index of cognitive skills172

and the number of students in each class. Among these, the only regressor with statistically173

significant coefficient is 4th Grade, suggesting that it may be the source of potential pre-174

program differences in reported behavior.175

Column (3) reports the results of the school-fixed effect regression in the post-program176

survey. The coefficient of the treatment variable is positive (1.89) and statistically significant,177

confirming the results of the non-parametric test. Similar results are found in column (4)178

where the regressors include the controls used for the regression in column (2). In particular,179

the coefficient of the treatment variable is positive (2.17) and statistically significant. Again,180

the only regressor with statistically significant coefficient is 4th Grade, in line with the idea181

that it may be the source of potential pre-program differences in reported behavior.182

Column (5) reports the results of the school-fixed effect regression in the post6-program183

survey. The coefficient of the treatment variable is positive (1.12) and statistically significant,184

somewhat lower than in column (3). This confirms the result showed in the non-parametric185

test that the effect of the program is persistent after 6 months, although it may be of reduced186

magnitude. Similar results are found in column (6) where the regressors include the controls187

used for the regression in column (2) and (4). Specifically, the coefficient of the treatment188

variable is positive (1.27) and statistically significant. Again, the coefficient of 4th Grade189

is positive and statistically significant, but in this case it is not the only one: also the190

coefficient of Cognitive Skills is positive and statistically significant. The sum of the these191

two coefficients is about of the same magnitude that the one of 4th Grade in column (4),192

suggesting that in the longer run cognitive skills might be a substitute for grade seniority.193

2.2 Disaggregated reported behaviors194

Figure 4 reports the means of reported behaviors for each of the 7 questions comparing195

treatment and control groups, by survey wave. As already noted in Table 3, 3 out of 7196
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reported behaviors (Teeth, Hands, and Parents) appear to be statistically different in the197

pre-program survey, with the treatment group coming with a higher mean.198

Looking at the differences between treatment and control groups in the post-program199

survey, we find that 4 out of 7 variables show a statistically significant difference, with200

a higher mean for the treatment group: Teeth (Z = −4.248, p < 0.001); Fountain (Z =201

−3.149, p = 0.0016) ; Hands (Z = −5.429, p < 0.001); Parents (Z = −6.115, p < 0.001)202

and Waste (Z = −5.284, p < 0.001). Moreover, 3 of these 4 variables appear to be statis-203

tically different also in the post6-program survey: Teeth (Z = −2.587, p = 0.009); Hands204

(Z = −5.020, p < 0.001) and Parents (Z = −3.881, p = 0.001); in addition, we also find a205

statistically significant difference for the variable Shower, again with a higher mean in the206

treatment group (Z = −5.125, p < 0.001).207

In order to control for potential confounding factors that potentially persisted across the208

three waves – and which could explain the differences described above – we pool data of209

the three survey waves and we run ordered logit regressions for each of the 7 variables, also210

adding the control variables used in the analysis of aggregated reported behavior. In this211

case we prefer not to use a liner regression models because of the 5-tier ordinal structure of212

answers.213

Figure 5 reports the estimates of the relevant coefficients of the ordered logit regressions214

(detailed estimates can be found in Table 6 in Appendix B). Specifically, the coefficients of215

interests are those of the interactions between Treatment and Post (the treatment effect just216

after the end of the program) and between Treatment and Post 6 (the treatment effect 6217

months after the end of the program), whereas the base of reference is the control group in218

the pre-program survey. According to this analysis the program has had a positive effect on219

Fountain, Hands, Parents and Waste. These effects are still detectable after six months for220

Fountain and Waste, when also a positive treatment effect on Shower is found.221

These results suggest that the program has had a positive effect especially on two di-222
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Figure 4: Average reported behavior by questions, conditions and survey wave. Each answer assume values
from 1 to 5. Questions are reported in the figure. Statistically significant difference between conditions are
reported above columns (* p < 0.05, ** p < 0.01, *** p < 0.001). Error bars represent the 95% confidence
interval.

mensions, namely the habits and behaviors that involve massive or frequent use of water223

(full body washing, hands washing, drinking) and the discussions with parents about water224

(from where it comes, how not to waste it), while other dimensions involving more indirect or225

limited use of water (eating products requiring water to be produced, teeth brushing) seem226

to have been less affected. Moreover, while the effect on the discussions with parents seems227

to have faded away towards the end of the program, the effect on the habits and behaviors228

that involve massive or frequent use of water seems to have persisted beyond the end of the229

program.230
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Figure 5: Estimated coefficient of the Ordered Logit regression in Table 6 in Appendix B.2. The dependent
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bars represent the 95% confidence interval.

3 Discussion231

Our results provide field evidence about the effectiveness of promoting sustainable behaviors232

regarding water consumption by means of game-based educational programs. Our analysis233

exploited a unique dataset built from a quasi-experiment involving about two thousand Ital-234

ian students of 2nd-4th grades, all from the same municipality (Lucca, Italy). Specifically,235

our findings suggest that the program has had positive, sizeable and persistent effects, es-236

pecially with regard to habits and behaviors that involve massive or frequent use of water237

(full body washing, water drinking). We believe that such evidence strongly pushes towards238
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a greater consideration of game-based education programs as policy instruments to promote239

sustainable habits and behaviors, especially when children and their families can be targeted.240

It is worth emphasizing that the program had not just provided a chance to play with241

sustainability-themed games. Instead, the structured ludic activities were designed to engage242

students in specific settings (at home, at school, during time spent with the family) and this243

was properly incentivized in terms of the game rewards that materialized over a rather long244

period of time (several months). The resulting take-home message is that game-based pro-245

grams aiming at promoting sustainable behaviors should be designed to engage participants246

in their daily life, for a substantial length of time, and with social activities involving people247

with whom they have stable relationships.248

One important aspect of our results which deserves to be highlighted is that the decline249

in the treatment effect over the last part of the program is entirely due to an improvement250

of the reported behavior in the control group, and not to a progressive deterioration of the251

reported behavior in the treatment group – which actually does not decline. This dynamic252

could have at least two different sources. One is independent learning by students over the253

nine months of the program, which might have led students to improve their behaviors over254

time just through standard channels which have nothing to do with the program and that are255

common to all classes and schools. Some evidence of this is found in the positive correlation256

between the 4th grade and virtuous behaviors. If this is the correct explanation, then the257

program has had in part the effect of accelerating such learning in the first months, implying258

a deceleration in the last months. Another source of explanation is the presence of peer259

effects beyond students’ own classes, that is, students in the control group might have been260

exposed indirectly to the program through their social connections outside their own classes.261

This latter explanation would imply that the treatment effect is far larger that our estimates262

indicate. With our data we cannot establish which explanation works better. Additional263

specific data have to be collected for this purpose.264
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A standard limitation of quasi-experiment is that, since the randomization protocol can-265

not be managed directly, one cannot conclude about the causal effect of the treatment. We266

think that such limitation, although not absent, is less severe in our study because the assign-267

ment procedure was largely exogenous to students’ and teachers’ desires, with constraints268

for eligibility and required participation that left little room for self-selection. Moreover,269

we could control for systematic differences in the characteristics of control and treatment270

groups, such as grade, cognitive abilities, class size, and school.271

Another limitation of this study is that we could only use self-reported behavior and272

not directly observe relevant behaviors. Unfortunately, it turned out that the observation273

of direct water consumption by the families involved in the program was impossible, mostly274

due to the absence of a reliable way to collect these data, either from the local water utility275

or from the families themselves.276

Perhaps the most important limitation of this study is the fact that we were not allowed277

to connect individual response in the three surveys for the control group (while we could do278

so for the treatment group since the names of the students were public). This has forced279

us to rely on class averages to get a longitudinal structure of the data, greatly reducing280

the statistical power and necessarily limiting the scope of our analysis (e.g., we could not281

properly exploit individual characteristics). We cannot do much in this regard if not stressing282

that such information should be made a priority in future studies .283

Starting from the results of this study there are at least three avenues of future research284

that seem promising. Firstly, one may dig into the collected data regarding ludic habits and285

preferences to see whether these modulate the effects of the program, and whether they are286

affected by the participation in the program. Ludic habits and preferences are important287

for students’ wellbeing and life-long learning. Secondly, one may want to run follow-up field288

experiments with the aim of observing actual behavior regarding water use. This can only289

be done with a substantial smaller number of students, but full randomization is likely to290
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be more easily implementable in such a case. Lastly, one may want to run similar studies291

employing game-based educational programs aimed at promoting different sustainable be-292

haviors and habits, such as waste production, recycling, and energy consumption, in order293

to check to what extent our results can be generalized.294

4 Methods295

4.1 The game-based educational program296

The program was designed and implemented by the Provincial Education Office of Lucca297

(Provveditorato agli Studi), Lucca Crea s.r.l. (a company 100% owned by the municipality298

of Lucca which is in charge of organizing and managing cultural events),1 and GEAL s.p.a.299

(the water utility company of the municipality of Lucca).300

The program was titled “BLUTUBE - Chi porta l’acqua a casa” (BLUTUBE - Who301

brings the water home) and had its main engine made of gaming activities, for which an302

urban and a board game were developed ad hoc by Lucca Crea and its collaborators, also in303

partnership with GEAL and the municipality of Lucca. The gaming activities were tuned304

to fit 2nd, 3rd, and 4th grades students from the primary schools in Lucca. The main aim305

of the program was to bring about greater awareness of the daily use of water resources and306

their sustainable consumption together with knowledge of the integrated water system of307

the municipality of Lucca and the water cycle in general. Games and gaming activities were308

specifically designed for this purpose, although the board game (also named BLUTUBE)309

was designed to be playable, and enjoyable, as a stand alone game too (more details on the310

games can be found in Appendix C).311

The program was divided in three distinct phases. The first phase was titled How not312

to dodge in a glass of water. In a given day a group of educators, specifically selected for313

1Lucca Crea s.r.l. primary job is to organize Lucca Comics & Games, one of the largest transmedia shows
in the world focusing on comics, games and pop culture.
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the program, went to each class participating in the program to give a short talk on the314

importance of water resources and their consumption as well as to explain the working of315

the gaming activities (program phases, allocation of game points, publication of rankings)316

and, in particular, to teach students how to play the board game BLUTUBE. Moreover,317

each student got its own box of the board game (for playing at home) and each class was318

also endowed with a copy of the board game (for playing in class).319

The second phase was titled Bring the water to your mill and lasted 6 weeks during which320

the students participating in the program had the chance to play as much as they wanted,321

and accumulate points accordingly, for two distinct rankings: the individual ranking and the322

class ranking. There were four different ways to obtain points:323

• playing the board game BLUTUBE at school: each student can play during school time.324

The teacher records each time a student plays on a scoreboard and each week a picture325

is sent to the program organizers. For each recorded play a student earns 10 points,326

up to a total of 2500 for the whole phase also considering the points earned for playing327

at home (see below);328

• playing the board game BLUTUBE at home: each student can play at home with their329

family or friends and gain points every time they send a picture of the playing to the330

program organizers, also indicating the name, the surname, the school and the class.331

For each appropriate picture sent a student earns 10 points, up to 2500 points in total332

also considering the points earned for playing at school (see above);333

• visiting the “hidden water places” in Lucca: each student can visit, together with334

parents or other family members, a number of specific places labelled as “water places”335

in municipality of Lucca. Such places are reported in the map describing the program336

and distributed at the beginning with the board game. A student can send to the337

program organizers a picture proving a visit in one distinct water place indicated in338
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the map, also indicating the student’s name, the surname, the school and the class.339

For each appropriate picture sent the student earns 150 points, up to 2500 points in340

total.341

• providing evidence of sustainable behavior: each student can send to the program342

organizers a picture where the student is making a sustainable use of water, e.g.,343

eating vegetables, fulfilling the can at the fountain, turning the faucet off when they344

are brushing their teeth. The picture has also to indicate the student’s name, the345

surname, the school and the class. A student gains between 10 to 200 points for each346

appropriate picture, depending on the actual behavior, up to 5000 points in total.347

Starting from the second week of the second phase both individual and class scores were348

published in a dedicated website and in local newspapers. In this way, the participating349

students, their parents, and others in their schools could see their weekly progress and350

compare their scores with those of other participants.351

The last phase of the program was titled BLUTUBE Tournaments and consisted in352

a tournament with restricted participation where the only way to accumulate points was353

playing with the board game BLUTUBE. Specifically, the 16 classes with the highest total354

score in the second phase (among the 53 classes participating) were selected to participate in355

four distinct group stage tournaments (each comprising 4 of the 16 classes). The winner of356

each group stage tournament qualified to participate in the final stage tournament which took357

place during the Lucca Comics and Games festival held in 2019. The final stage tournament358

allowed to win a full paid holiday trip themed “Environment”, where students could learn359

methods to create electricity through the use of heat while respecting the environment.360

All activities related to the game-based educational program had been carried out be-361

tween January and November, 2019. The participation protocol was as follows. Most primary362

schools in the municipality of Lucca were involved. Actual participation in the program was363
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determined at the class level, under consent by the school head teacher. Lucca Crea, which364

was in charge of promoting the program across the schools, talked to the head teacher of each365

school asking for classes who were available to participate in the program. In most cases,366

the decision about whether to participate or not was taken by the head teacher of each class,367

and in no case there was a possibility for the students of the class to affect such decision,368

which was made on the basis of the overall workload of the class in terms of extra-curricular369

activities. A few remarks are worth doing. First, the participation protocol led to a situa-370

tion where in the same schools there were classes which participated and classes which did371

not participate. Second, participation was exogenous to the students’ desire to participate.372

Third, actual participation was often exogenous to the teachers’ desire to participate too.373

This is because the teachers’ decision was often constrained by the fact that their class was374

already involved in a number of extra-curricular activities, and hence could not actually375

participate, or by the fact that it had to add extra-curricular activities with the program376

being the only possibility, and hence it was actually forced to participate.377

This participation protocol allows the applicability and effectiveness of our method of378

analysis, in that the assignment to the program, although not fully randomized, is to a good379

extent exogenous to schools, students’ and teachers’ preferences.380

4.2 Data and empirical strategy381

The program described in Subsection 4.1 qualifies as a natural quasi-experiment (Meyer,382

1995) for which we designed a pre/post control-treatment study that we implemented using383

a questionnaire (designed ad hoc) administered three times: just before the program, imme-384

diately after the end of phase two, and then again at the end of the program (six months385

later).386

The study includes 28 primary schools. From those schools, 53 classes were directly387

involved in the program, forming the treatment group. For the control group we selected388
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other 53 classes that were not directly involved in the program, trying to build the best389

possible counterfactual. This was not an easy task because the total of 106 classes covers390

about the 90% of the entire population of 2nd-4th grades students in the municipality of391

Lucca (the overall number of classes being 116). So, together the treatment and control392

groups represent almost the entire student’s population.393

Students’ awareness about the efficient use of water was elicited by means of a paper-394

based survey regarding students’ behaviours and habits related to water use and consumption395

(the original and the English-translated questionnaires can be found in Appendices C.3 and396

D, respectively). Specifically, the survey contained seven distinct questions about water397

consumption in familiar circumstances, the extent to which students talk about water with398

their parents, and the extent to which students eat food containing water (fruit and vegeta-399

bles). These questions are: “How much do you keep the faucet turned on when you brush400

your teeth?”; “Are you having more often a bath or a shower?”; “Do you drink water more401

from plastic bottles or from fountains/faucets?”; “Are you eating fruit or vegetables during402

your meals?”; “When you wash your hands, do you turn the faucet off while you soap your403

hands?”; “Do you talk with your parents on how the water gets to your house?”; “Do you404

talk with your parents on how not to waste water?”. Answers were recorded using a 1-to-5405

Likert scale.406

The survey also contained questions related to relational activities, ludic habits and407

ludic preferences, that we do not exploit in the following analysis as they were meant for408

different research purposes. In addition, we tried to measure cognitive skills using logical and409

mathematical questions taken from the tests produced by the INVALSI (Istituto nazionale410

per la valutazione del sistema educativo di istruzione e di formazione) and the ones developed411

by TIMSS (Trends in Mathematics and Science Study).412

The first survey was collected during February 2019, before the beginning of the program.413

The parents of students involved signed an informed consent form, with the specific consent414
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for the possibility to link students’ answers to their scores in the program. Teachers received415

only general information about the research project, and specifically no details about what416

we were trying to elicit. The second survey was administered at the end of the second phase,417

during the month of May 2019. The survey was identical to the previous one but for the418

questions aiming at eliciting cognitive skills which we opted to substitute with new ones419

of comparable difficulty. To ensure consistency, the second survey was administered to the420

classes involved following the same procedures as in the first wave. Lastly, a third survey was421

administered six months after, when the program was officially over. This last survey was422

identical to the previous two but for the questions aiming at eliciting cognitive skills. Also in423

this case the survey was administered to the classes involved following the same procedures424

as in the first two waves.425
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Cobo-Reyes, R., Dominguez, J. J., Garćıa-Quero, F., Grosskopf, B., Lacomba,437

20



J. A., Lagos, F., Liu, T. X. and Pearce, G. (2020). The development of social438

preferences. Journal of Economic Behavior & Organization, 179, 653–666.439
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