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Pro-Environmental Behavior?  
Experimental Evidence from Peru*

Tackling environmental pollution requires a permanent change in regular, repeated 

behavior of households. Bringing about change in such behavior may require interventions 

that are not limited to a single point in time, yet little evidence exists on how frequently 

we need to target households to initiate behavioral change and to form new habits in 

regular pro-environmental behavior. To fill this gap, we investigate the impact of mobile 

text reminders on households’ recycling behavior in urban Peru, by randomly varying 

the frequency of reminders over a nine-week treatment period. We find that reminders 

increase both the likelihood that households start to recycle, and the frequency of recycling 

among households that already recycled before the intervention. The effects are stronger 

if reminders are repeated over a longer period. Our findings suggest that low-cost mobile 

text reminders can support repeated pro-environmental behavior, and that some repetition 

may be needed to maximize their effectiveness.
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1. Introduction

Environmental pollution, as a result of increasing global waste accumulation, poses a

serious threat to ecosystems, biodiversity and human health, and contributes significantly

to global climate change (UNEP, 2015).1 Addressing environmental pollution requires

a permanent shift in households’ regular and repeated behavior. A good example is

recycling behavior, which requires repeated action while significantly contributing to

environmental protection. Weekly kerbside collection of recyclables, which is typical in

many places around the world, requires people to organize their waste in the household

in advance, collect materials throughout the week, and finally put the bags outside their

house on the same day each week.

Recycling, however, remains limited in many low- and middle-income countries, where

recycling habits have not established yet. To understand why that may be the case and

what can be done to increase recycling, we distinguish two important behavioral factors.

First, people may fail to follow through with their recycling intentions because of “limited

attention” (Datta and Mullainathan, 2014; Karlan et al., 2016; Tiefenbeck et al., 2018).

Limited cognitive capacity makes that one can only pay limited attention to recycling,

which requires substantial organization (such as separating recyclables, putting them in

a bag, putting the bag on the street on the correct day, etc.). Second, once people have

recycled a couple of times, they may form a routine in recycling practices, and the barrier

of limited attention may disappear.

The issue of ‘limited attention’ can be addressed by sending timely reminders that

bring the specific behavior “to the top of mind” (Karlan et al., 2016).2 However, it is not

clear how e↵ective reminders are when aiming to change repeated behavior. We may need

to repeat reminders to overcome limited attention, yet the e↵ectiveness of reminders may

also decrease with repetition due to ‘habituation’, i.e., we may experience a weakened

behavioral response due to repeated treatment. If that is the case, one may interrupt the

series of reminders, which may recover the behavioral response to the treatment (Rankin

et al., 2009). In addition, reminders may need to be repeated for habits to be formed,

which – once established – will reduce the need for reminders. However, here again it

1As a result, sustainable waste and resource management have become a core interest of both re-
searchers and policy makers over the last years (see, e.g., Miafodzyeva and Brandt, 2013; Thomas and
Sharp, 2013; Kirakozian, 2016; Varotto and Spagnolli, 2017; Knickmeyer, 2020, for literature reviews and
meta-analyses)

2The e↵ectiveness of reminders has been demonstrated in a variety of settings, such as personal savings
(Karlan et al., 2016; Rodŕıguez and Saavedra, 2019), electricity consumption (Allcott and Rogers, 2014;
Gilbert and Zivin, 2014), loan repayment (Cadena and Schoar, 2011), civil servant compliance (Dustan,
Hernandez-Agramonte and Maldonado, 2023), gym attendance (Calzolari and Nardotto, 2017; Muller
and Habla, 2018; Milkman et al., 2021a), participation in land conservation programs (Wallander, Ferraro
and Higgins, 2017), the adoption of agricultural technologies (Larochelle et al., 2019), donations to charity
(Huck and Rasul, 2010; Sonntag and Zizzo, 2015; Damgaard and Gravert, 2018), political participation
(Grácio and Vicente, 2021), returning books in time to a library (Apesteguia, Funk and Iriberri, 2013),
dental health prevention (Altmann and Traxler, 2014) or vaccination uptake (Milkman et al., 2021b),
such as recently in the context of covid-19 vaccinations (Dai et al., 2021).
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is a priori not clear how frequently people need to be treated for habits to be formed

(Charness and Gneezy, 2009; Allcott and Rogers, 2014; Royer, Stehr and Sydnor, 2015).

This leads to two important questions: 1) whether reminders can increase recycling, and

2) which frequency of reminders increases repeated recycling most e↵ectively. Regarding

the second question, we are especially interested in understanding i) whether a longer

series of reminders is more e↵ective than a shorter series, and ii) whether a continuous

series of reminders is more e↵ective than an interrupted and restarted series of reminders.

To answer these questions, we conducted an experiment with households that are

registered in a recycling program in urban Peru. Many households do not recycle regularly

even though they voluntarily signed up to the recycling program. This suggests that

there may be a gap between their intention to recycle and actual recycling behavior, and

possibly also a lack of routine and habit formation. Assuming both could be addressed

with the help of reminders, we sent mobile text reminders to households with varying

frequency to test their e↵ect on recycling.

We collected data on households’ recycling behavior over a period of 12 weeks, by

accompanying the recycling trucks that collect the recycling bags on their daily routes.

Having the addresses of registered households allows us to identify which households put

a recycling bag on the street in which week, without needing to contact them. This has

key advantages, as it avoids interference with the intervention (people were not made

aware of our study) as well as the limitations of self-reported data.

While the first three weeks serve as a baseline measure (weeks 1-3), the subsequent

nine weeks (weeks 4-12) constitute our intervention period where households are randomly

assigned to one of four groups: i) a control group that does not receive any reminders, ii)

a group that receives continuous reminders during the whole intervention period, weeks

4-12 (continuous treatment), iii) a group that receives reminders only during the first

three weeks of the intervention period, weeks 4-6 (interrupted treatment), iv) or a group

that receives reminders for the first three weeks, weeks 4-6, and for the last three weeks,

weeks 10-12, of the intervention period, with a three weeks’ pause in between during

which no reminders are received (restarted treatment).

Our main findings can be summarized as follows. First, reminders are generally

e↵ective at increasing recycling behavior: weekly reminders in the first three weeks of the

intervention period increase the likelihood of recycling in all treatment groups compared

to the control group. This initial e↵ect is mainly driven by households that already

recycled at baseline. Second, the reminder e↵ect becomes stronger if the reminders are

continued for another three weeks. Third, households that did not yet recycle at baseline

need a longer series of reminders to start recycling than households that already recycled

before. Fourth, we find suggestive evidence that both ‘limited attention’ and ‘habit

formation’ matter for recycling behavior and the e↵ects of reminders.

We contribute to the existing literature in the following ways. First, there is a growing

yet still limited literature on the e↵ectiveness of reminders in the context of regular, re-
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peated behaviors (e.g., regular gym attendance (Calzolari and Nardotto, 2017; Muller and

Habla, 2018) or energy conservation (Allcott and Rogers, 2014)) as opposed to infrequent

or one-time decision-making. This literature has focused on 1) habit formation, which

might mediate the e↵ect of reminders on regular behavior, and 2) whether the frequency

of reminders matters.3 We contribute to this literature by generating new evidence on

the role of the frequency with which reminders are used, by combining treatments that

continue, interrupt or restart reminders. In contrast to previous studies, our design allows

us to compare the e↵ects of interrupted reminders (i.e., post intervention e↵ects) to the

e↵ects of reminders that are continued during the same time period, or restarted, which

extends evidence of looking at post-intervention persistence e↵ects only, without having

a comparison group.4

Second, evidence on the e↵ectiveness of reminders on household recycling is scarce.

Essl, Ste↵en and Staehle (2021) found a positive e↵ect of weekly reminders in the form of

stickers and flyers on the reuse of plastic bags in the context of weekly food delivery boxes

in Switzerland. Chong et al. (2015) also focused on the e↵ect of reminders on recycling

in a recycling program in Peru. The authors did not find any significant e↵ect of mobile

text reminders on households’ recycling activity, which was probably due to the lack of

recycling bins, which they found was the main obstacle for households to recycle. Our

main contribution is that we do find that reminders can significantly increase households’

recycling activity, where the necessary infrastructure is in place.5

The rest of the paper proceeds as follows. Section 2 presents the design of the exper-

iment, including the setting, conceptual framework, treatments, hypotheses, and imple-

mentation. In section 3 we report the results, while section 4 concludes the paper.

2. Design

2.1. Setting

For this study, we worked together with a municipal recycling program in the capital city

of Peru, Lima. Managing solid waste in Lima is a huge challenge. Around 10 million

people live in the country’s largest city. It is estimated that around 8,468 tons of garbage

are generated daily in Lima, of which only 4% is recycled (WWF, 2018). Municipalities

3Some studies also generated evidence on the e↵ectiveness of repeated reminders on one-time or
infrequent decisions (Altmann and Traxler, 2014; Sonntag and Zizzo, 2015; Damgaard and Gravert,
2018).

4Allcott and Rogers (2014) compare persistence e↵ects of sending reminders to a group that continues
to receive reminders during that same time period as well, but without having a comparison group that
was first interrupted and then restarted.

5By doing so, we also add to the growing literature on “green nudges” (Carlsson et al., 2021), which
– given their high economic relevance – o↵er a promising tool for policy makers to address societal
challenges (Grelle et al., 2024; He et al., 2023).
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are responsible for coordinating recycling activities at the household level in Peru.6 Some

municipalities in Lima have established their own recycling program, in which households

can participate voluntarily and free of charge. This is also the case for the municipality of

Miraflores, an upper middle- to high-income neighborhood in Lima, which we collaborated

with for this study. Households that participate in the recycling program need to separate

their recyclable materials at home, collect them in a separate bag, and deposit this bag

on the street on a specific day of the week, so that it can be collected by a recycling

truck. The recycling bags are collected once or twice a week (depending on the zones),

always on the same day(s) at approximately the same time. Thus, paying attention to

this specific day and time to place the recycling bags on the street is crucial for people

to participate successfully.

2.2. Conceptual framework

Before presenting our experiment, it is important to conceptualize how we understand

the role of reminders for recycling behavior. For this, we make the following assumptions.

First, we assume that each respondent wants to recycle, since they voluntarily signed up

to the recycling program. Second, they have limited cognitive capacity and can therefore

pay only limited attention to recycling. As recycling requires substantial organisation

to undertake the necessary tasks (such as separating recyclables, putting them in a bag,

putting the bag on the street on the correct day, etc.), many fail to do so. Third, we

expect that if we remind them on the recycling day, they will dedicate more attention to

it, and this may be enough for them to perform the necessary recycling tasks. Fourth,

once they have recycled a couple of times, they will form a routine, and the need for

reminders decreases.

Figure 1: Recycling propensity by reminder frequency

6For a more detailed mapping of the di↵erent actors involved in the Peruvian recycling sector, see
Borasino and Fuhrmann-Riebel (2022).
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Using these assumptions, we can plot the e↵ect of the frequency of reminders on

recycling propensity, as shown by Figure 1. The graph represents a sigmoid function,

which has a convex and a concave part. The first part is convex, which implies that the

e↵ect of an additional reminder increases with the number of reminders. Here we need

to overcome respondents’ ‘limited attention’, by sending a su�ciently high number of

reminders for an observable e↵ect to occur. The second part is concave, which implies

decreasing marginal returns due to ‘habituation’, i.e., a weakened behavioral response

due to repetition (Rankin et al., 2009).

The di↵erent paths present di↵erent possibilities of how quickly one responds to re-

minders, how quickly habituation kicks in, and what recycling propensity one can reach.

The recycling propensity relates to habit formation. It is possible that with su�cient

reminders we reach a su�ciently high recycling propensity (or frequency) for recycling

habits to be formed, so that no further reminders are needed. Equally plausible is that

reminders are unable to increase recycling enough for habits to be formed (see the full

line in Figure 1).

Given the di↵erent trajectories, several questions can be asked. First, it is important

to ask whether reminders are (at all) e↵ective to encourage recycling behaviour. It might

be that reminders do not overcome the barrier of limited attention, and would therefore

be unable to increase recycling. This is our first question. In addition, we do not know the

optimal frequency of the reminders, which leads to our second question: “What frequency

of reminders supports repeated recycling most e↵ectively?”. This question consists of two

sub-questions.

First, it might be that only a few reminders are needed for respondents to start

recycling (this is the case for the first dashed line), or that a longer series of reminders

is required (e.g., the dotted line). In addition, we do not know how quickly ‘habituation’

makes reminders less e↵ective. Therefore, question 2a would be: “Is a longer series

of reminders more e↵ective at maximizing recycling propensity than a shorter series of

reminders?” Second, reminders could be more e↵ective after interrupting and restarting

them. While there is a general tendency of decreasing e↵ectiveness of reminders due to

‘habituation’, withholding the reminders could make the response to reminders recover

over time. Such spontaneous recovery of the ‘response to stimulus’ has been described

by Rankin et al. (2009). Interrupting and restarting reminders might better capture

respondents’ attention, which will increase the reminders’ e↵ectiveness. Graphically,

this would make the relevant section of the graph less concave, which could help reach

a higher recycling propensity. This leads to question 2b: “Is a long series of reminders

more e↵ective at maximizing recycling propensity than an interrupted and restarted series

of reminders?”.
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2.3. Treatments

To address our research questions, we use four treatments randomly assigned to individual

respondents in a between-subject design. The four groups consist of one control group

and three treatment groups (see Table 1). All groups do not receive any reminders in

the baseline period. From period 2 onwards, we vary the frequency of reminders creating

four groups as follows:

• Control group (T0): no reminders

• Continuous treatment group (T1): reminders over the whole nine weeks

• Interrupted treatment group (T2): reminders only for the first three weeks

• Restarted treatment group (T3): reminders for the first three weeks and for the

last three weeks, with a three weeks’ pause in between

Table 1: Study design overview

Baseline Intervention

Period 1 Period 2 Period 3 Period 4

w1 w2 w3 w4 w5 w6 w7 w8 w9 w10 w11 w12

Control (T0)
Continuous (T1) x x x x x x x x x
Interrupted (T2) x x x
Restarted (T3) x x x x x x

Notes: The table provides an overview of the study design, including three weeks of baseline
period followed by nine weeks of intervention period. ”x” indicates the weeks in which
households received a reminder in the di↵erent treatment groups.

All treatment groups receive the same treatment during the first three weeks of the

intervention period, period 2. In the subsequent three weeks, period 3, only the contin-

uous treatment group (T1) continues to receive reminders, while both T2 and T3 are

interrupted and thus not distinguishable from each other up to this point. Only during

the last three weeks, period 4, the restarted treatment group (T3) receives reminders

again while the interrupted treatment group (T2) remains discontinued, so that all three

treatment groups di↵er.

The treatment variation based on blocks of three weeks was chosen given the irregu-

lar nature of households’ recycling behavior. From pre-covid data (until February 2020)

from the municipality we know that only few households recycle regularly every week (or

even more than once a week, if the bags are collected twice). Most households recycle

irregularly, and rather every second or third week, on average. Some households that are

registered do not recycle at all. We do not have any data on households’ recycling behav-

ior afterwards, as the municipality had to stop all measurements due to the pandemic.
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However, during a one-week pilot that we did in the beginning of May 2021, only 13%

of all enrolled households recycled in that week, confirming the irregularity in recycling

behavior from pre-covid times.7

The treatment message of the mobile text reminder contained a friendly greeting from

the municipality and a simple reminder for people to put their recycling bags outside on

that day. We also gave people a number they could call in case of doubts and referred to

the social media channels of the municipality. The formulation of the reminder message

was chosen carefully based on joint discussions with the municipality. All households

that received a reminder received the same treatment message.8 We present the message

here in English, while the original message was formulated in Spanish:

IT’S RECYCLING DAY: The Municipality of Miraflores reminds you that the recy-

cling truck will pass by your house today. Don’t forget to take out your recycling material!

Please find more information on the municipality’s social media or by contacting us at

[number].

2.4. Treatment comparisons and hypotheses

In this section, we explain how we will compare recycling behavior across the treatments,

and present the hypotheses that we pre-registered.9 We start with a comparison of

recycling behavior in period 2. In this period, all treated households receive a weekly

reminder. We expect that this will address people’s limited attention about the recycling

program, while most will not have formed any recycling habits yet. Therefore, we expect

the reminders in this period to increase recycling activity, as outlined by Hypothesis 1.

Hypothesis 1 (Period 2): Recycling in the treatment groups (T1, T2 and T3) is higher

than in the control group (T0).

In period 3, two treatment groups (T2 and T3) stop receiving reminders. We expect

that habit formation may induce some households in both groups to keep recycling in

period 3. As a result, we expect that recycling will remain higher in each of the treatment

groups, relative to the control group. At the same time, we expect recycling to be smaller

in the interrupted treatment groups T2 and T3 relative to the continuous treatment

group T1. This might be driven by households that would benefit from a longer series

7This percentage is based on the number of addresses that recycled as a fraction of all enrolled
addresses.

8Research has shown that varying the content of the reminder messages tends to have little or no
e↵ect (Apesteguia, Funk and Iriberri, 2013; Altmann and Traxler, 2014; Wallander, Ferraro and Higgins,
2017; Larochelle et al., 2019). Based on a review of studies that vary the content of reminders, Gravert
(2022) therefore concludes that using pure reminder messages directed at the action of interest is often
the most e↵ective, and also the most cost-e↵ective approach, especially from a policy perspective.

9Note that the formulation of the pre-registered hypotheses was di↵erent, yet the content has not
changed. The pre-analysis plan can be accessed at the AEA RCT Registry (AEARCTR-0007780).
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of reminders to start recycling, and households that formed some recycling habits in

the first period whose habits weaken without further reminders. This is summarized in

Hypothesis 2.

Hypothesis 2 (Period 3): i) Recycling in the continuous treatment (T1) and the in-

terrupted treatments (T2 and T3) is higher than in the control group (T0); ii) Recycling

is higher in the continuous treatment group (T1) than in the interrupted treatments (T2

and T3).

In period 4, the treatment groups are separated into a continuous, interrupted and

restarted treatment group. We expect that recycling remains higher in all three treatment

groups T2, T3 and T4 (thanks to recycling habits in T2, supported by the reinforcement

of another series of reminders in T3 and T4) relative to the control group. As recycling

habits weaken over time, recycling will be higher in the continuous treatment (T1) than in

the interrupted treatment (T2). In addition, we expect recycling to be higher in treatment

T3 than in treatment T1. The restarted reminders in treatment T3 will capture people’s

attention better than the continuous reminders in T1, since a pause in the reminders will

make their resumption stand out, so that the reminders will be more e↵ective in the long

run. We summarize these predicted di↵erences in Hypothesis 3.

Hypothesis 3 (Period 4): i) Recycling in each treatment group (T1, T2 and T3) is

higher than in the control group (T0); ii) Recycling is higher in the continuous group

(T1) than in the interrupted group (T2); iii) Recycling is higher in the restarted treatment

group (T3) than in the continuous treatment group (T1)

2.5. Implementation

Sample

There are 7,183 households o�cially registered in the recycling program (end of March

2021). The district of Miraflores contains single family houses as well as apartment

buildings and other multiple dwelling units. It is therefore possible that two households

are registered with the same address in the program, if they live in the same building.

In our study, we only include households that are registered with a unique address. We

do so, as we want to link household recycling behavior to specific individual households.

If there is more than one household registered in an apartment building, it is impossible

to identify to which household the collected recycling bags belong, as recycling bags are

usually deposited in a shared space and then taken outside on the street by the caretaker

or doorman of the building. Of the 7,183 households registered in the recycling program,

3,480 had a unique address.

When households register for the recycling program, they are asked to give a phone

number. Households can decide whether they register with a landline or a cell phone

number. Since sending mobile text reminders requires access to mobile phone numbers,
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we focus on those households of which mobile phone numbers are available. This is

the case for 1,392 households of the 3,480 households that are registered with a unique

address. This is the sample that we will use in our study.

Data collection

The district of Miraflores consists of 14 zones, based on which the recycling program is

organized. Recycling bags are collected on weekdays in the mornings and afternoons, and

on Saturdays in the mornings. There are always two recycling trucks operating in two

di↵erent zones at the same time. In some zones (six out of 14), the bags are collected

once a week; in the other zones (eight out of 14), they are collected twice a week.

To keep track of households’ recycling behavior, we accompanied the recycling trucks

that are responsible for collecting the recycling bags on their daily routes over a total

time period of 12 weeks, from mid-June to mid-September 2021. Enumerators followed

the recycling trucks by bike.10 The recording of households’ recycling behavior was done

through audio recordings via headsets. Our initial plan was to have the enumerators

sit in the recycling trucks together with the driver and record the data directly in their

notebooks. Yet, due to the COVID-19 pandemic, this was not possible at the time given

the risk of contagion, so that we had to revert to this alternative way of data collection.

Enumerators were instructed to record the following details: street name, house number,

house type (single family house or apartment building/other multiple dwelling unit),

and number of bags. The audio recordings were transcribed to an Excel sheet afterwards.

Regular quality checks were applied to both data collection in the field and transcriptions

of the audio recordings. Enumerators were not aware of the treatment assignment, i.e.,

they did not know which households had received reminders and which had not.

The reminders were sent to households in the early mornings of the collection days

via mobile text through a Peruvian provider. This was adjusted based on the di↵erent

zones and respective collection days (so that, for example, households from a zone where

the bags are collected on Wednesdays received the reminders on Wednesdays in the early

morning). We sent reminders to all households only once a week, regardless of whether

the bags were collected once or twice a week in the respective zones. In zones with two

collection days per week, the reminders were sent in the morning of the first collection

day of the week.

10All enumerators were provided a cyclist’s insurance for the period of data collection and were expe-
rienced in riding a bicycle. They were further instructed to wear a helmet as well as face masks at all
times (which were provided to them).
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3. Results

3.1. Descriptives

Table A.1 in Appendix A provides a detailed overview of household characteristics by

treatment group, including the zone, sign-up year, and house type. Zones range from 1

to 14, sign-up years from 2015 to 2021. We distinguish the di↵erent house types between

single family houses, apartment buildings or other multiple dwelling units, and unknown

house types. The table further shows whether households already recycled during the

baseline period. Balance tests confirm that these household characteristics are balanced

across treatment groups.

Since sign-up years go back to 2015, we decided to focus in our analysis primarily

on households with a recent sign-up year (2018 or later) as there is a risk that some of

the respondents who registered a long time ago might not respond to our treatments,

mainly for two reasons: First, this could be the case if people moved away from the

district and are thus unable to participate in the recycling program. Second, people

might have changed their phone numbers, and therefore be unable to receive our mobile

text reminders. Ideally, we would have been able to remove those respondents from our

data base. However, as the municipality does not update their data base with contact

details on a regular basis, it was not possible for us to identify these respondents. A

second-best approach is therefore to focus on households with a more recent sign-up year,

as the proportion of inactive respondents tends to be smaller among recently registered

households. This assumption is supported by Table A.2 in Appendix A, which confirms

that the percentage of households that recycled at least once during the whole intervention

period and during the baseline period is higher among those that signed up more recently.

In our main analysis, we will focus on households that signed up in 2018 or later,

which reduces our total sample size from 1,392 to 898 households. We provide a detailed

overview of household characteristics by treatment group as well as balance tests for those

households with a recent sign-up year separately in Appendix A (Table A.3). We can

confirm that household characteristics are also balanced across treatment groups in the

sub-sample of recently registered households.11

It should be noted that there was a week of public holiday after the first three weeks

of the intervention period, i.e., between weeks 6 and 7 of our study period, where no

recycling service was in place and thus no reminders were sent and no data could be

collected. Therefore, the whole implementation period was extended to 13 weeks, while

the analysis focuses on the 12 weeks of our study period. The same was the case for the

Monday of week 11, where again no recycling service was in place due to a public holiday

and thus no reminders were sent and no data could be collected for that day. In this case,

no additional week was added, so that week 11 contains one day less in our analysis.

11To test the robustness of our results, we will also report all results using the full sample (see Ap-
pendix E).
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3.2. Treatment e↵ects by period

The main outcome variable of our analysis is a binary variable equal to one if a household

recycled at least once per period of three weeks, zero otherwise. The periods of three weeks

are the blocks along which we designed the di↵erent treatments and pre-registered our

hypotheses. We focus on recycling behavior per period rather than week because of the

irregular nature of households’ recycling activity, as explained in Section 2.3. Histograms

on households’ recycling frequency in Appendix B confirm that hardly any household

recycled every week in the baseline period.

To start our analysis, we analyse how treatment di↵erences vary over the individual

periods 2, 3 and 4. Figure 2 plots the proportion of households that recycled at least once

in the respective period, by period and treatment. In Figure 2a, we observe that recycling

levels increase after reminders are sent in period 2 in the treatment groups compared to

the control group. Figure 2b shows that repeated reminders in the continuous treatment

push recycling even higher in period 3. We also observe that recycling levels in all

treatment groups are higher than in the control group throughout the whole intervention

period. In addition, there is a general drop in recycling levels in period 4, which is caused

by the public holiday and related travelling of people in week 11, as supported by the

weekly recycling data presented in Figure C.1 in Appendix C.

Figure 2: Proportion of households that recycled at least once per period, by treatment

(a) All treatments vs. control
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(b) Treatment split
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Notes: The figure shows the proportions of households that recycled at least once per period in the
control group and in the di↵erent treatment groups over the whole study period, focusing on households
with a recent sign-up year (� 2018). Sub-figure 2a compares all treatment groups pooled together with
the control group; sub-figure 2b splits up the di↵erent treatment groups based on the treatment variation
by periods. N(T0) = 216, N(T1&T2&T3) = 682, N(T1) = 219, N(T2&T3) = 463, N(T2) = 236, N(T3)
= 227. For visualization purposes of the pooled treatments, the data for each treatment is first demeaned
and then centered around the pooled groups mean.

To test whether these di↵erences are statistically significant, we estimate a regression
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of the following form:

Yi = ß0 + ß1Ti + ß2Xi + ui (1)

with Yi being a binary variable equal to one if a household recycled at least once in

the respective period, zero otherwise. Ti is a set of indicator variables for the treatment

groups, using the control group as reference. Xi includes controls for households’ baseline

recycling activity (i.e., whether they recycled at least once in period 1), the house type

(whether it is a single family house as opposed to multiple dwelling unit or unknown house

type), and indicator variables for the di↵erent enumerators. We estimate regressions with

OLS.12

We first look at the e↵ect of all treatment groups pooled together over the whole

intervention period. Figure 2a shows that recycling activity throughout the whole inter-

vention period is higher among households that received weekly reminders than among

households in the control group. The regression results reported in columns (1) of Table 2

confirm that this di↵erence is statistically significant.

We next look at each of the intervention periods separately. Figure 2a shows that the

reminders start working from the first period reminders are sent, i.e., period 2. Column

(2) of Table 2 shows that the percentage of households that recycled at least once in

period 2 is about 5 percentage points higher than in the control group, and that this

di↵erence is statistically significant at the 5% significance level. This finding provides

support for hypothesis H1.

We now turn to period 3 where the treatment groups are split between households

that continued receiving weekly reminders (continuous treatment, T1) and those that did

not (interrupted treatment groups, T2 and T3). We continue to pool treatments T2 and

T3 together for this analysis since both did not receive any reminders during period 3

and are thus technically not distinguishable from each other up to this point.

Figure 2b shows that the percentage of households that recycled at least once in period

3 is highest in the continuous treatment group. It also shows that the recycling activity

in period 3 is higher in both the continuous and the interrupted treatment groups than

in the control group, and that it is higher in the continuous treatment group than in the

interrupted ones.

Column (3) in Table 2 confirms that in period 3, the percentage of households that

recycled is 8.3 percentage points higher in the continuous treatment group than in the

control group, which is significant at the 1% level. While the coe�cient of T2&T3 is

positive in column (3) as well, suggesting that households in the interrupted treatments

recycled more than in the control group too, we find that this di↵erence is not statistically

significant. Moreover, when comparing treatment coe�cients, we find that the coe�cient

of T1 is significantly larger than the coe�cient of T2&T3 (p-value of a one-sided wald

12A robustness check using logistic regressions is presented in Appendix D.1. All results are robust to
using logit specifications.
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Table 2: Treatment e↵ects on whether households recycled at least once, by period

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.047** 0.054**

(0.019) (0.026)
Continuous (T1) 0.083***

(0.030)
Interrupted (T2&T3) 0.034

(0.025)
Continuous (T1) 0.042

(0.028)
Interrupted (T2) 0.049*

(0.028)
Restarted (T3) 0.019

(0.027)
Predicted Probability Control (T0) 0.158*** 0.160*** 0.172*** 0.141***

(0.017) (0.023) (0.020) (0.018)

Adjusted R2 0.355 0.341 0.393 0.332
Observations 2694 898 898 898

Notes: The table reports OLS regressions with dependent variable equal to one if a house-
hold recycled at least once during the respective period. All regressions include a control for
households’ binary baseline recycling activity and the house type, and use fixed e↵ects for enu-
merators. Only households included that signed up in 2018 or later. Robust standard errors in
parentheses; standard errors clustered at the household level in column (1). ***, **, * indicate
significance levels at 1, 5, and 10%, respectively. Logit regressions are reported in Table D.1.

test = 0.033). This indicates that when only looking at period 3, the recycling activ-

ity of households in the continuous treatment group is significantly higher than among

households in the interrupted groups.

In sum, we provide partial support for hypothesis H2. We observe a continuous re-

minder e↵ect, as recycling is higher in the continuous treatment relative to the control

group. While we also find some suggestive evidence for persistence e↵ects, the di↵erence

in recycling levels between the interrupted treatments and the control group is not sta-

tistically significant. Furthermore, our analysis confirms that recycling in the continuous

treatment group is significantly higher than in the interrupted treatment groups.

As a final step, we turn to period 4 where the treatment groups are separated into

the continuous, interrupted and restarted treatment group. As already indicated in sec-

tion 3.1, there was a public holiday on the Monday of week 11 where no recycling service

was in place. As a result, one day of data is missing in week 11. Moreover, from dis-

cussions with the municipality we know that many people used this public holiday to

travel, which might have led to even lower recycling rates during the whole week. Figure

2 shows that the recycling activity drops in period 4 compared to previous periods, and

even falls below levels in the baseline period in case of the control group. Figure C.1 in

Appendix C confirms that this is mainly driven by low recycling levels in week 11.

Despite the general drop in recycling activity in period 4, we can see in Figure 2b that

the percentages of households that recycled remain higher in all treatment groups than

in the control group. The regressions reported in column (4) of Table 2 confirm that the
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treatment coe�cients are positive, but not statistically significant. The only exception

is the interrupted treatment group, for which the di↵erence is marginally significant at

the 10% level. Looking at di↵erences in recycling levels between the di↵erent treatment

groups, we cannot identify any significant di↵erences. Using a wald-test that compares

the treatment coe�cients, none of the di↵erences are statistically significant (p-values for

one-sided alternative hypotheses are: 0.414 for T2 > T1, 0.219 for T1 > T3, and 0.156

for T2 > T3). In sum, we do not find evidence in support of hypothesis H3.

3.3. Heterogeneity by recycling at baseline

The histogram presented in Figure B.1 in Appendix B shows that around 20% of the

households in our sample did recycle at least once in the baseline period, with only around

3% recycling every week. Given this heterogeneity, it is interesting to test whether the

reminder e↵ects vary between households that already recycled at baseline and those that

did not. It is plausible that both types of households would benefit from reminders, but

in a di↵erent way. For example, households that did not recycle yet at baseline might

need more reminders to start recycling than households that already recycled recently.

Table 3: Treatment e↵ects on whether households recycled at least once, by period –
baseline recycling yes vs. no

Baseline recycling yes Baseline recycling no

Period 2-4 Period 2 Period 3 Period 4 Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4) (5) (6) (7) (8)

All treatments (T1&T2&T3) 0.107 0.220** 0.028* 0.010
(0.069) (0.087) (0.016) (0.024)

Continuous (T1) 0.191** 0.058**

(0.095) (0.029)
Interrupted (T2&T3) 0.051 0.024

(0.089) (0.023)
Continuous (T1) 0.000 0.050**

(0.109) (0.024)
Interrupted (T2) 0.036 0.048**

(0.104) (0.024)
Restarted (T3) -0.022 0.023

(0.108) (0.022)
Predicted Probability Control (T0) 0.590*** 0.514*** 0.652*** 0.606*** 0.058*** 0.080*** 0.061*** 0.034**

(0.061) (0.077) (0.074) (0.075) (0.013) (0.021) (0.017) (0.014)

Adjusted R2 0.018 0.036 0.008 -0.020 0.028 0.010 0.055 0.022
Observations 516 172 172 172 2178 726 726 726

Notes: The table reports OLS regressions with dependent variable equal to one if a household recycled at least once during the respective period.
Only households included that signed up in 2018 or later. Columns (1)-(4) only include households that recycled during the baseline period;
columns (5)-(8) only include households that did not recycle during the baseline period. All regressions include a control for the house type,
and use fixed e↵ects for enumerators. Robust standard errors in parentheses; standard errors clustered at individual household level in columns
(1) and (5). Comparing treatment coe�cients using one-sided wald tests gives following p-values: column (3) p=0.036 for T1 > T2&T3; column
(4) p=0.370 for T2 > T1, p=0.420 for T1 > T3, p=0.290 for T2 > T3; column (7) p=0.105 for T1 > T2&T3; column (8) p=0.469 for T1 >
T2, p=0.155 for T1 > T3, p=0.169 for T2 > T3.. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.

Table 3 separates the main regressions by whether households recycled at least once

during the baseline period (period 1). We observe that the predicted probabilities are

substantially higher in the left panel compared to the right panel. This indicates that

respondents who recycled at baseline are much more likely to recycle in each of the
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subsequent periods, even without being treated. Looking at the size of the treatment

coe�cients, we observe that the reminder e↵ects in periods 2 and 3 are stronger among

households that already recycled at baseline. Reminder e↵ects among households that

did not recycle at baseline are absent in period 2, but do appear in period 3 with the

continuous treatment. These findings suggest that households that did not yet recycle

at baseline may need a longer series of reminders to start recycling, while the immediate

e↵ects that we observe in period 2 seem to be mainly driven by those households that

already recycled before. Comparing the e↵ects of treatment T1 and the interrupted

treatments, we observe that their di↵erence is substantial and statistically significant in

the left panel, but not in the right panel.

In period 4, we observe significant positive e↵ects of the continuous and the interrupted

treatments among households that did not recycle at baseline, but not among households

that already recycled before. The lack of significant e↵ects among the respondents who

already recycled in the baseline period might be partially due to the lower sample size.

3.4. Mechanisms

Tracking individual recycling behavior over two consecutive periods allows us to obtain

insights into the importance of ‘limited attention’ and ‘habit formation’, which are the

key behavioral mechanisms included in our conceptual framework. First, evidence in

support of ‘limited attention’ would be provided if we observed that respondents who

did not recycle in period 2 are more likely to start recycling in period 3 if they continue

receiving reminders relative to the interrupted treatments. This would suggest that they

need a su�ciently long series of reminders to overcome limited attention. Second, for

evidence in support of ‘habit formation’, we could look for the following patterns. If we

observed that respondents who recycled in period 2 are more likely to continue recycling

in period 3 in the interrupted treatments relative to the control group, this would suggest

some habit formation. If, in contrast, respondents who recycled in period 2 are less likely

to continue recycling in period 3 if they stop receiving reminders, this would suggest that

some respondents have not formed a firm recycling habit yet. Note that both options are

not mutually exclusive, as we might have both types of respondents in the sample.

Table 4 shows the marginal probabilities of the continuous treatment and the inter-

rupted treatments relative to the control group, on the following four discrete outcomes:

the respondent (1) did not recycle at all in any of the two periods, (2) recycled only in

period 3, (3) recycled only in period 2, (4) recycled at least once in both periods 2 and 3.

In column 1, we observe that both treatments reduce the likelihood that a respondent

does not recycle in either period. The continuous treatment T1 has a stronger e↵ect than

the interrupted treatments, as confirmed by the wald test results reported in the notes

under the table. A comparison between Panels B and C shows that both e↵ects (as well as

the di↵erence between both treatments) is observed irrespective of whether respondents

recycled in the baseline period or not. We also see that the e↵ects are sizeable and
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stronger in the subsample of respondents who recycled at baseline. For example, among

respondents who recycled in the baseline period, the continuous treatment T1 reduces the

likelihood of no recycling by 23 percentage points, starting with an already low probability

of 30.8%.

A decrease in the outcome ‘neither p2 nor p3’ should lead to an increase in one or

more of the other outcomes, where respondents recycle in period 2, period 3 or both. An

analysis of which outcomes become more likely across treatments can provide us insights

in the behavioral mechanisms that influence recycling. Column 2 reports the e↵ects on

the likelihood that respondents only recycle in period 3 and not in period 2. We find

that the continuous treatment has a stronger (positive) e↵ect on this likelihood than the

interrupted treatment (p-value of a one-sided wald test is 0.027). This suggests that some

respondents need a su�ciently long series of reminders to start recycling, which provides

support for the ‘limited attention’ mechanism.

Table 4: Treatment e↵ects on recycling in period 2 and 3 combined

(1) (2) (3) (4)
Recycled in ... neither p2 nor p3 only p3 only p2 p2 and p3

Panel A: Pooled sample (N = 898)

Continuous (T1) -0.152*** 0.059** 0.040 0.053*

(0.045) (0.026) (0.025) (0.030)
Interrupted (T2&T3) -0.068** 0.011 0.020 0.036

(0.034) (0.017) (0.019) (0.023)
Predicted Probability Control (T0) 0.859*** 0.039*** 0.041*** 0.062***

(0.026) (0.014) (0.014) (0.018)

Panel B: Recycled at baseline (N = 172)

Continuous (T1) -0.233*** 0.034 0.049 0.150
(0.084) (0.090) (0.050) (0.111)

Interrupted (T2&T3) -0.153* -0.076 0.110** 0.120
(0.083) (0.069) (0.044) (0.095)

Predicted Probability Control (T0) 0.308*** 0.175*** 0.024 0.494***

(0.073) (0.061) (0.025) (0.079)

Panel C: No recycling at baseline (N = 726)

Continuous (T1) -0.076** 0.038** 0.023 0.016
(0.035) (0.019) (0.024) (0.020)

Interrupted (T2&T3) -0.016 0.016 -0.008 0.008
(0.026) (0.012) (0.018) (0.016)

Predicted Probability Control (T0) 0.913*** 0.015* 0.041*** 0.031**

(0.021) (0.009) (0.015) (0.013)

Notes: Marginal probabilities of a multinomial probit regressions on (1) whether households recycled neither in
period 2 nor in period 3, (2) whether households recycled only in period 3, (3) whether households recycled only
in period 2, (4) whether households recycled at least once in both period 2 and period 3. All regressions include
a control for the house type, and use fixed e↵ects for enumerators. The regressions for the pooled sample also
include a control for households’ binary baseline recycling activity. Only households included that signed up in
2018 or later. Standard errors in parentheses. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
Comparing the marginal probabilities of T1 and T2&T3 using a one-sided wald test gives the following p-values:
Panel A: column (1) p=0.023; column (2) p=0.027; column (3) p=0.202; column (4) p=0.281;
Panel B: column (1) p=0.084; column (2) p=0.068; column (3) p=0.140; column (4) p=0.375;
Panel C: column (1) p=0.030; column (2) p=0.126; column (3) p=0.068; column (4) p=0.335.

Column 3 reports the e↵ects on the likelihood that respondents only recycle in period
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2 and not in period 3. Panel B shows that the interrupted treatments increase this

likelihood among respondents who recycled at baseline by 11 percentage points. This

e↵ect is sizeable, given a low 2.4 predicted probability in the control group. This e↵ect

is substantially stronger than in the continuous treatment, where the increase is only

4.9 percentage points. The lack of statistical significance of the di↵erence between both

e↵ects is most likely due to the small size of this subsample. This provides suggestive

evidence that some respondents have not established a firm recycling habit yet, when we

stop sending reminders in period 3.

In column 4, we observe that respondents who recycled at baseline have a roughly

50% probability to recycle in periods 2 and 3, irrespective of whether we send reminders

(Panel B). This suggests that these respondents have established firm recycling habits.

In addition, the coe�cients of both treatments are positive in all panels, and sizeable in

Panel B. The coe�cients, however, are not statistically significant, probably due to the

small sample size. Note that we do not observe this pattern among respondents who did

not recycle at baseline (Panel C), where the coe�cients are extremely small.

3.5. Treatment e↵ects over the entire intervention period

Next, we look at treatment e↵ects on households’ recycling behavior aggregated over

the whole intervention period (periods 2-4).13 This analysis is potentially interesting for

policy-makers who want to know how many reminders they need to send out and in what

sequence to maximize their e↵ect on recycling behavior.

Figure 3 shows the distribution of the total recycling frequency over the whole inter-

vention period, by treatment. Specifically, for each period we count whether a household

recycled at least once, and we take the sum of this count across the three intervention

periods (periods 2, 3, and 4). This means that this variable has a value of 3 if a house-

hold recycled at least once in each of the three periods. Comparing the three treatments

with the control group in Figure 3a, we observe a shift to the right (i.e., towards higher

recycling frequency) in the treatment groups. This suggests that in all treatment groups

households recycled in more periods, on average, than in the control group over the whole

intervention period.

Comparing Figures 3b and 3b, we observe that this holds irrespective of whether

respondents already recycled before the intervention. Interestingly, while among respon-

dents who did not recycle yet at baseline, the reminders are mostly successful at making

respondents recycle in at least one of the subsequent three periods, among respondents

who already recycled at baseline, the reminders increase the proportion of respondents

who recycle two or three periods.

13Note that this analysis is exploratory and was not pre-registered.
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Figure 3: Total recycling frequency during entire intervention period, by treatment

(a) Pooled sample
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(c) Baseline recycling no
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Notes: The figure shows histograms for the total recycling frequency during the entire intervention
period (period 2-4). Concretely, it shows in how many of the di↵erent periods of the intervention
period households recycled at least once (from zero to three periods). Only households included with
a recent sign-up year (� 2018). Sub-figure 3a for pooled sample: N(T0) = 216, N(T1) = 219, N(T2)
= 236, N(T3) = 227; sub-figure 3b for households that recycled during the baseline period: N(T0) =
42, N(T1) = 38, N(T2) = 48, N(T3) = 44; sub-figure 3c for households that did not recycle during
the baseline period: N(T0) = 174, N(T1) = 181, N(T2) = 188, N(T3) = 183.

To test whether treatment di↵erences are statistically significant, we use an ordered

probit regression, combining the four frequency categories as dependent variable. As

right-hand side, we use the same variables used in previous regressions. Table 5 presents

the results for the pooled sample and the two sub-samples. In Panel A, we observe that

treatments T1 and T2 significantly reduce the likelihood of no recycling and increase the

likelihood that respondents recycle at any of the three frequencies, relative to the control

group. Using the predicted probabilities in the control group as reference, these treatment

e↵ects are sizeable. Comparing the treatment e↵ects, we observe that the coe�cients of
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T1 are larger in absolute terms relative to treatments T2 and T3. Using a one-sided wald

test that compares these coe�cients, we can only reject the null of no di↵erence between

treatments T1 and T3 at the 10% significance level.

Panels B and C disaggregate the results by baseline recycling. All coe�cients go in the

expected direction, and suggest sizeable e↵ects. The null of the coe�cients in Panel B,

however, cannot be rejected, likely due to the small sample size. In Panel C, the e↵ects of

the continuous treatment remain highly significant, and are now also statistically di↵erent

from the e↵ects of the restarted treatment T3 at the 5% significance level.

Table 5: Treatment e↵ects on recycling over entire intervention period

Recycled in ... no period one period two periods three periods
(1) (2) (3) (4)

Panel A: Pooled sample (N = 898)

Continuous (T1) -0.112*** 0.067*** 0.030** 0.038**

(0.043) (0.018) (0.012) (0.015)
Interrupted (T2) -0.085** 0.036** 0.022** 0.027**

(0.041) (0.018) (0.011) (0.013)
Restarted (T3) -0.044 0.019 0.011 0.013

(0.040) (0.018) (0.011) (0.012)
Predicted Probability Control (T0) 0.812*** 0.111*** 0.043*** 0.033***

(0.028) (0.016) (0.009) (0.009)

Panel B: Recycled at baseline (N = 172)

Continuous (T1) -0.084 -0.056 -0.010 0.150
(0.058) (0.039) (0.011) (0.100)

Interrupted (T2) -0.071 -0.044 -0.006 0.121
(0.057) (0.035) (0.008) (0.095)

Restarted (T3) -0.051 -0.029 -0.003 0.083
(0.060) (0.035) (0.005) (0.097)

Predicted Probability Control (T0) 0.187*** 0.240*** 0.170*** 0.403***

(0.051) (0.039) (0.029) (0.071)

Panel C: No recycling at baseline (N = 726)

Continuous (T1) -0.077** 0.037** 0.020** 0.019**

(0.035) (0.018) (0.010) (0.010)
Interrupted (T2) -0.049 0.025 0.013 0.012

(0.034) (0.017) (0.009) (0.008)
Restarted (T3) -0.013 0.007 0.003 0.003

(0.031) (0.017) (0.008) (0.007)
Predicted Probability Control (T0) 0.901** 0.062*** 0.023*** 0.015*

(0.022) (0.013) (0.007) (0.006)

Notes: Marginal probabilities of ordered probit regressions on whether households recycled in (1) no period, (2)
one period, (3) two periods, or (4) three periods out of the three periods of the intervention. All regressions include
a control for the house type, and use fixed e↵ects for enumerators. The regressions for the pooled sample also
include an indicator variable equal to one, if they recycled at baseline. Only households included that signed up in
2018 or later. Standard errors in parentheses. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
Comparing the marginal probabilities of T1, T2 and T3, respectively, using a one-sided wald test gives the following
p-values:
Panel A: column (1) T1 > T2 p=0.254, T1 > T3 p=0.051, T2 > T3 p=0.161; column (2) T1 > T2 p=0.254, T1
> T3 p=0.053, T2 > T3 p=0.162; column (3) T1 > T2 p=0.255, T1 > T3 p=0.054, T2 > T3 p=0.162; column
(4) T1 > T2 p=0.255, T1 > T3 p=0.055, T2 > T3 p=0.162;
Panel B: column (1) T1 > T2 p=0.390, T1 > T3 p=0.255, T2 > T3 p=0.343; column (2) T1 > T2 p=0.391, T1
> T3 p=0.256, T2 > T3 p=0.343; column (3) T1 > T2 p=0.392, T1 > T3 p=0.269, T2 > T3 p=0.345; column
(4) T1 > T2 p=0.391, T1 > T3 p=0.255, T2 > T3 p=0.343;
Panel C: column (1) T1 > T2 p=0.233, T1 > T3 p=0.038, T2 > T3 p=0.147; column (2) T1 > T2 p=0.233, T1
> T3 p=0.040, T2 > T3 p=0.148; column (3) T1 > T2 p=0.234, T1 > T3 p=0.045, T2 > T3 p=0.151; column
(4) T1 > T2 p=0.235, T1 > T3 p=0.047, T2 > T3 p=0.152.
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3.6. Intensive margin

So far, we focused on the extensive margin of whether households recycled at least once in

a certain period. Yet, there might also be an e↵ect of reminders on the intensive margin

of households’ recycling activity. As a first measure of recycling intensity, we look at

how often (i.e., the number of weeks) a household recycled per period. Given that each

period consists of three weeks, this variable can take the values zero to three. Table D.2

in Appendix D.2 presents regression results with this measure as dependent variable.

The analysis shows that the earlier identified treatment e↵ects are still present, yet more

di�cult to identify with this new specification, in terms of statistical significance. These

findings suggest that the treatments are less e↵ective at increasing recycling frequencies

beyond once per period. This can also be observed in the histograms presented in Ap-

pendix B, where we can see that very few households recycle more than once per period,

even after receiving reminders.

Splitting up this analysis by households that did or did not recycle during the baseline

period, we find that among households that did recycle at baseline, none of the coe�cients

are significant (see Table D.3). While this might be due to the lower sample size of

this sub-group of households, the coe�cients have the expected positive sign. Among

households that did not recycle at baseline (see Table D.4), we find support for the

previous treatment e↵ects: reminders increase the frequency of recycling, and this e↵ect

is driven by the continuation of reminders in period 3. Again, we observe positive e↵ects

among this sub-group in both the continuous and the interrupted treatment in period 4.

As a second measure of recycling intensity, we focus on the number of bags a household

recycled per period. Table D.5 in Appendix D.3 presents regressions results using the

number of bags recycled as dependent variable. Our analysis shows that none of the

treatment e↵ects are statistically significant.

Dis-aggregating the analysis by baseline recycling, we find again that among house-

holds that did recycle at baseline, none of the coe�cients are significant (see Table D.6).

While this might again be partly due to the lower sample size, it is noteworthy that all

coe�cients have negative signs. If anything, it suggests that reminders make recycling

somewhat more e�cient in terms of fewer bags used. Among households that did not

recycle at baseline (see Table D.7), we find again that reminders increase recycling as

measured by the number of bags recycled, and that this e↵ect is driven by the continua-

tion of reminders in period 3. Also for this variable, we observe significant positive e↵ects

among this sub-group in period 4 in both the continuous and the interrupted treatment.

4. Conclusion

In this paper, we test whether simple reminder messages can increase the recycling activity

of households registered in a recycling program in urban Peru. Even though households

signed up to the recycling program voluntarily, many do not recycle regularly. This
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suggests that there may be a gap between their intention to recycle and actual recycling,

as well as a lack of routine and habit formation in recycling practices. The reminders aim

to bring the recycling program to people’s attention on the day when the recycling bags

are collected. This could address the problem of ‘limited attention’, which often hampers

people to follow through with good intentions. Moreover, by repeating the reminders

with varying frequency, we aim to encourage repeated recycling behavior over time and

support habit formation in recycling practices.

To identify the causal e↵ect of reminders, we collect data on households’ weekly recy-

cling behavior over 12 weeks and compare it across experimental treatments that vary the

frequency of the reminders. We find that reminders are generally e↵ective at increasing

recycling. In the first period where all treatment groups receive weekly reminders (period

2) recycling increases relative to the control group. This e↵ect is driven by households

that already recycled at baseline, where the series of reminders increases the likelihood of

recycling by 22 percentage points. In period 3, the continuous treatment performs signif-

icantly better than the interrupted treatments. The continuation of reminders maintains

recycling among households that recycled at baseline, while recycling drops in this sub-

group if reminders are not continued. In this period, we also find that households that

did not recycle at baseline start recycling if reminders are continued, which suggests that

they need a longer series of reminders to change their recycling behavior.

When looking at households’ recycling activity over the whole intervention period,

treatment di↵erences become less evident. The continuous and interrupted treatments

show a positive e↵ect relative to the control group, and the continuous treatment per-

forms better than the restarted treatment. The di↵erence between the continuous and

interrupted treatments, however, becomes di�cult to distinguish statistically. It might

be due to a lack of statistical power in period 4, where we split up the treatments and

households’ recycling behavior was reduced by a public holiday and the related travelling

of many people. This is supported by the observation that where we only include periods

2 and 3 (Table 4), we do find strong di↵erences between the continuous and interrupted

treatments.

Our results provide evidence that both ‘limited attention’ and ‘habit formation’ matter

for recycling behavior. ‘Limited attention’ is supported by the finding that the contin-

uation of reminders increases the likelihood that respondents start recycling in period

3, relative to the interrupted treatments. The finding that the interrupted treatments

increase the likelihood that respondents only recycle in period 2 (and not in period 3)

suggests that some respondents have not established a firm recycling habit yet when we

stop sending reminders. At the same time, we find that respondents who recycled at base-

line have a 50% probability to recycle in two consecutive periods, irrespective of whether

we send reminders, which suggests that these respondents have already established firm

recycling habits.

Our results have the following implications for policy. First, we show that a simple,
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low-cost tool in the form of sending weekly sms reminders can e↵ectively increase house-

holds’ recycling activity. Given the low implementation costs and the widespread use of

mobile phones, the intervention can be scaled up easily. Second, people who did not yet

recycle at baseline might need a longer series of reminders to start recycling. Third, as to

people who already recycled at baseline, some of them have already established recycling

habits and do not need any reminders, while others benefit from reminders and increase

the frequency with which they recycle.

We end with two final reflections. First, the estimated e↵ects most likely present

an underbound. We were unable to check whether phone numbers were active, so that

a proportion of participants might not have received our reminder messages. Second,

we do not know if our intervention period was su�ciently long for the development of

permanent recycling habits. A longer period might have led to stronger recycling habits.

It may also be that if recycling habits were formed, they would unravel over time, and a

new set of reminders might be needed. Research investigating recycling behavior and the

importance of reminders in combination with habit formation over a longer time frame

would be a promising line of future research.
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Appendix

A. Balance tests and descriptive overview

Table A.1: Household characteristics by group – full sample

Control (T0) Continuous (T1) Interrupted (T2) Restarted (T3) Total

Zone 1 29 31 24 21 105
2 16 19 25 23 83
3* 21 31 29 19 100
4* 23 20 25 30 98
5* 15 12 20 12 59
6* 14 22 19 16 71
7 9 9 18 8 44
8* 13 13 12 10 48
9 28 25 15 36 104
10 26 21 25 23 95
11* 77 58 57 71 263
12 13 17 15 16 61
13* 18 25 12 26 81
14* 46 45 52 37 180

Sign-up year 2015 2 2 4 0 8
2016 13 12 8 12 45
2017 117 115 100 109 441
2018 16 12 14 15 57
2019 90 82 85 86 343
2020 78 90 105 94 367
2021 32 35 32 32 131

House type Single family house 157 152 140 153 602
Multiple dwelling unit 117 124 135 122 498
n/a 74 72 73 73 292

Baseline recycling yes 63 59 65 61 248
no 285 289 283 287 1144

N 348 348 348 348 1,392

Notes: The table shows the number of households per group for di↵erent household characteristics. A * behind the zone number means that
bags are collected on two days per week in the respective zone, without a star means that they are collected once a week. Balance tests using
chi2 tests show that household characteristics are balanced across groups: p=0.213 for zone, p=0.839 for sign-up year, p=0.598 for house
type, p=0.942 for baseline recycling.

Table A.2: Households that recycled at least once: old vs. recent sign-up years

Old sign-up years Recent sign-up years Full sample

Recycled never (whole study period) 73.89% 69.04% 70.76%
Recycled at least once (whole study period) 26.11% 30.96% 29.24%
Recycled never (baseline period) 84.62% 80.85% 82.18%
Recycled at least once (baseline period) 15.38% 19.15% 17.82%
Recycled never (intervention period) 77.53% 71.71% 73.78%
Recycled at least once (intervention period) 22.47% 28.29% 26.22%

N 494 898 1,392

Notes: The table shows the percentages of households that recycled at least once during the whole study period,
during the baseline period, and during the intervention period, separated for old and recent sign-up years. Old sign-up
years include years 2015-2017 (N=494); recent sign-up years include years 2018-2021 (N=898); the full sample includes
all sign-up years from 2015-2021 (N=1,392).
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Table A.3: Household characteristics by group – recent sign-up years

Control (T0) Continuous (T1) Interrupted (T2) Restarted (T3) Total

Zone 1 25 20 16 15 76
2 9 13 16 14 52
3* 12 22 19 13 66
4* 18 9 14 12 53
5* 9 11 13 7 40
6* 12 12 15 8 47
7 5 6 10 5 26
8* 7 7 8 6 28
9 10 14 9 20 53
10 14 12 17 16 59
11* 57 47 52 62 218
12 6 11 10 11 38
13* 10 7 7 14 38
14* 22 28 30 24 104

Sign-up year 2018 16 12 14 15 57
2019 90 82 85 86 343
2020 78 90 105 94 367
2021 32 35 32 32 131

House type Single family house 63 55 56 65 239
Multiple dwelling unit 79 92 107 89 367
n/a 74 72 73 73 292

Baseline recycling yes 42 38 48 44 172
no 174 181 188 183 726

N 216 219 236 227 898

Notes: The table shows the number of households per group for di↵erent household characteristics. A * behind the zone number means that
bags are collected on two days per week in the respective zone, without a star means that they are collected once a week. Only households
included that signed up in 2018 or later. Balance tests using chi2 tests show that household characteristics are balanced across groups:
p=0.682 for zone, p=0.896 for sign-up year, p=0.094 for house type, p=0.875 for baseline recycling.
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B. Histograms of recycling frequency per period

Figure B.1: Histograms of recycling frequency during the baseline period (week 1-3),
comparing all treatment groups together with the control group
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Notes: The figure shows histograms for the recycling frequency during the baseline period (from zero to
three times) in the control group and in the aggregated treatment groups, focusing on households with a
recent sign-up year (� 2018). N in the control group (T0) = 216, the treatment groups together add up
to N = 682.

Figure B.2: Histograms of recycling frequency during period 2 (week 4-6), comparing all
treatment groups together with the control group
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Notes: The figure shows histograms for the recycling frequency during period 2 (from zero to three times)
in the control group and in the aggregated treatment groups, focusing on households with a recent sign-up
year (� 2018). N in the control group (T0) = 216, the treatment groups together add up to N = 682.
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Figure B.3: Histograms of recycling frequency during period 3 (week 7-9), comparing
the continuous and the interrupted treatment groups with the control group
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Notes: The figure shows histograms for the recycling frequency during period 3 (from zero to three times)
in the control group and in the continuous and interrupted treatment groups, focusing on households with
a recent sign-up year (� 2018). N(T0) = 216, N(T1) = 219, N(T2&T3) = 463.

Figure B.4: Histograms of recycling frequency during period 4 (week 10-12), comparing
the continuous, interrupted and restarted treatment groups with the control group
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Notes: The figure shows histograms for the recycling frequency during period 4 (from zero to three times)
in the control group and in the di↵erent treatment groups, focusing on households with a recent sign-up
year (� 2018). N(T0) = 216, N(T1) = 219, N(T2) = 236, N(T3) = 227.
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C. Graphs on weekly recycling behavior

Figure C.1: Percentages of households that recycled per week

(a) All treatments vs. control
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(b) Treatment split
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Notes: The figure shows the percentages of households that recycled at least once per week in the control
group and in the di↵erent treatment groups over the whole study period, focusing on households with a
recent sign-up year (� 2018). Sub-figure C.1a compares all treatment groups pooled together with the
control group; sub-figure C.1b splits up the di↵erent treatment groups based on the treatment variation
by periods. N(T0) = 216, N(T1&T2&T3) = 682, N(T1) = 219, N(T2&T3) = 463, N(T2) = 236, N(T3)
= 227.

32



D. Additional analyses

D.1. Logit robustness check for treatment e↵ects by period

Table D.1: Treatment e↵ects on whether households recycled at least once, by period
(logit)

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.509** 0.551**

(0.214) (0.280)
Continuous (T1) 0.858***

(0.313)
Interrupted (T2&T3) 0.397

(0.284)
Continuous (T1) 0.495

(0.320)
Interrupted (T2) 0.560*

(0.307)
Restarted (T3) 0.265

(0.313)
Constant -3.063*** -2.945*** -3.070*** -3.264***

(0.231) (0.303) (0.292) (0.277)

Pseudo R2 0.308 0.293 0.342 0.309
Observations 2694 898 898 898

Notes: The table reports logistic regressions with dependent variable equal to one if a
household recycled at least once during the respective period. Only households included
that signed up in 2018 or later. All regressions include a control for households’ binary
baseline recycling activity and the house type, and use fixed e↵ects for enumerators. Robust
standard errors in parentheses; standard errors clustered at individual household level in
column (1). ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
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D.2. Recycling frequency per period

Table D.2: Treatment e↵ects on how often households recycled per period

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.075** 0.057
(0.037) (0.047)

Continuous (T1) 0.145**

(0.057)
Interrupted (T2&T3) 0.072

(0.049)
Continuous (T1) 0.086*

(0.048)
Interrupted (T2) 0.091*

(0.049)
Restarted (T3) 0.042

(0.051)
Constant 0.039 0.058 0.032 0.026

(0.034) (0.043) (0.043) (0.034)

Adjusted R2 0.449 0.476 0.456 0.419
Observations 2694 898 898 898

Notes: The table reports OLS regressions with dependent variable how often a household
recycled during the respective period (never up to three times). Only households included
that signed up in 2018 or later. All regressions include a control for households’ baseline
recycling activity (never up to three times) and the house type, and use fixed e↵ects for
enumerators. Robust standard errors in parentheses; standard errors clustered at individual
household level in column (1). Comparing treatment coe�cients using one-sided wald tests
gives following p-values: column (3) p=0.073 for T1 > T2&T3; column (4) p=0.461 for T2
> T1, p=0.211 for T1 > T3, p=0.188 for T2 > T3. ***, **, * indicate significance levels at
1, 5, and 10%, respectively.

Table D.3: Treatment e↵ects on how often households recycled per period – baseline
recycling yes

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.162 0.200
(0.153) (0.200)

Continuous (T1) 0.335
(0.212)

Interrupted (T2&T3) 0.169
(0.199)

Continuous (T1) 0.097
(0.208)

Interrupted (T2) 0.090
(0.202)

Restarted (T3) 0.011
(0.226)

Constant 0.295 0.252 0.384 0.254
(0.250) (0.322) (0.306) (0.275)

Adjusted R2 0.226 0.217 0.226 0.191
Observations 516 172 172 172

Notes: The table reports OLS regressions with dependent variable how often a household
recycled during the respective period (never up to three times). Only households included
that signed up in 2018 or later; only households that recycled during the baseline period.
All regressions include a control for households’ baseline recycling activity (never up to
three times) and the house type, and use fixed e↵ects for enumerators. Robust standard
errors in parentheses; standard errors clustered at individual household level in column
(1). Comparing treatment coe�cients using one-sided wald tests gives following p-values:
column (3) p=0.169 for T1 > T2&T3; column (4) p=0.486 for T2 > T1, p=0.354 for T1 >
T3, p=0.364 for T2 > T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
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Table D.4: Treatment e↵ects on how often households recycled per period – baseline
recycling no

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.050* 0.017
(0.026) (0.033)

Continuous (T1) 0.104**

(0.050)
Interrupted (T2&T3) 0.041

(0.037)
Continuous (T1) 0.084**

(0.037)
Interrupted (T2) 0.086**

(0.037)
Restarted (T3) 0.043

(0.033)
Constant 0.034 0.070** 0.026 0.005

(0.023) (0.030) (0.032) (0.019)

Adjusted R2 0.021 0.003 0.040 0.018
Observations 2178 726 726 726

Notes: The table reports OLS regressions with dependent variable how often a household
recycled during the respective period (never up to three times). Only households included
that signed up in 2018 or later; only households that did not recycle during the baseline
period. All regressions include a control for the house type, and use fixed e↵ects for enu-
merators. Robust standard errors in parentheses; standard errors clustered at individual
household level in column (1). Comparing treatment coe�cients using one-sided wald tests
gives following p-values: column (3) p=0.099 for T1 > T2&T3; column (4) p=0.483 for T2
> T1, p=0.178 for T1 > T3, p=0.164 for T2 > T3. ***, **, * indicate significance levels at
1, 5, and 10%, respectively.
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D.3. Number of bags recycled per period

Table D.5: Treatment e↵ects on the number of bags recycled by households per period

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.035 0.057
(0.121) (0.129)

Continuous (T1) 0.177
(0.188)

Interrupted (T2&T3) -0.052
(0.165)

Continuous (T1) -0.008
(0.153)

Interrupted (T2) 0.054
(0.169)

Restarted (T3) 0.027
(0.189)

Constant 0.254** 0.205 0.300* 0.257*

(0.128) (0.130) (0.162) (0.140)

Adjusted R2 0.459 0.490 0.462 0.422
Observations 2694 898 898 898

Notes: The table reports OLS regressions with dependent variable how many bags a house-
hold recycled during the respective period. Only households included that signed up in 2018
or later. All regressions include a control for households’ baseline recycling activity (mean of
recycled bags) and the house type, and use fixed e↵ects for enumerators. Robust standard
errors in parentheses; standard errors clustered at individual household level in column (1).
Comparing treatment coe�cients using one-sided wald tests gives following p-values: col-
umn (3) p=0.070 for T1 > T2&T3; column (4) p=0.349 for T2 > T1, p=0.422 for T3 > T1,
p=0.448 for T2 > T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.

Table D.6: Treatment e↵ects on the number of bags recycled by households per period –
baseline recycling yes

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) -0.451 -0.124
(0.575) (0.619)

Continuous (T1) -0.168
(0.807)

Interrupted (T2&T3) -0.649
(0.762)

Continuous (T1) -0.918
(0.737)

Interrupted (T2) -0.687
(0.799)

Restarted (T3) -0.590
(0.937)

Constant 2.039* 1.171 2.409* 2.547*

(1.115) (1.133) (1.311) (1.318)

Adjusted R2 0.322 0.349 0.327 0.246
Observations 516 172 172 172

Notes: The table reports OLS regressions with dependent variable how many bags a house-
hold recycled during the respective period. Only households included that signed up in 2018
or later; only households that recycled during the baseline period. All regressions include
a control for households’ baseline recycling activity (mean of recycled bags) and the house
type, and use fixed e↵ects for enumerators. Robust standard errors in parentheses; stan-
dard errors clustered at individual household level in column (1). Comparing treatment
coe�cients using one-sided wald tests gives following p-values: column (3) p=0.224 for T1
> T2&T3; column (4) p=0.372 for T2 > T1, p=0.349 for T3 > T1, p=0.458 for T2 > T3.
***, **, * indicate significance levels at 1, 5, and 10%, respectively.
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Table D.7: Treatment e↵ects on the number of bags recycled by households per period –
baseline recycling no

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.139** 0.096
(0.058) (0.070)

Continuous (T1) 0.280**

(0.134)
Interrupted (T2&T3) 0.061

(0.089)
Continuous (T1) 0.204**

(0.079)
Interrupted (T2) 0.216**

(0.089)
Restarted (T3) 0.143

(0.087)
Constant 0.095* 0.139** 0.119 0.026

(0.050) (0.062) (0.078) (0.041)

Adjusted R2 0.018 -0.001 0.037 0.020
Observations 2178 726 726 726

Notes: The table reports OLS regressions with dependent variable how many bags a house-
hold recycled during the respective period. Only households included that signed up in 2018
or later; only households that did not recycle during the baseline period. All regressions
include a control for the house type, and use fixed e↵ects for enumerators. Robust standard
errors in parentheses; standard errors clustered at individual household level in column (1).
Comparing treatment coe�cients using one-sided wald tests gives following p-values: col-
umn (3) p=0.045 for T1 > T2&T3; column (4) p=0.457 for T2 > T1, p=0.289 for T1 > T3,
p=0.263 for T2 > T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
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E. Full sample results

We conducted all analyses presented in this paper also with the full sample to verify whether and

how any findings di↵er. As in our main analysis, we start by looking at the treatment e↵ects

by period (see Table E.1). Again, we find that reminders significantly increase households’

recycling activity in period 2 among all treatment groups compared to the control group, and

that this e↵ect persists throughout the whole intervention period. In period 3, we can observe

significant positive e↵ects in the continuous treatment (but not in the interrupted ones). In

period 4, we find significant positive e↵ects in the continuous and the interrupted treatment

(but not in the restarted group). Compared to results for households with a recent sign-up year,

we can note that coe�cients tend to be smaller and significance levels weaker (many results

are now significant at the 10% level). The pattern persists when splitting up the analysis

by baseline recycling activity (see Appendix E.4) or when looking at treatment e↵ects on the

intensive margin (see Appendix E.7 and E.8).

The same pattern holds when looking at the overall treatment e↵ects over the whole interven-

tion period. We find again that results are fairly similar to the ones presented for households

with a more recent sign-up year (see Table E.8). Both the continuous and the interrupted

treatments have a significant positive e↵ect on households’ recycling activity over the whole

intervention period, both regarding the number of periods a household recycled during the in-

tervention period as well as whether a household recycled at all. Again, the restarted treatment

shows no significant e↵ect on recycling levels. Compared to the results presented for households

that signed up more recently, we can note again that the coe�cients for the full sample become

slightly smaller.

The weaker e↵ects that we observe among the full sample are not surprising as we now look

at a larger group of households among which many may have changed their phone numbers by

now or moved away from the district given their early sign-up years. Table A.2 in Appendix A

confirms that the percentage of households that recycled at all during the intervention period

was higher among households with a recent sign-up year than among those with an older sign

up year (< 2018), indicating that those recently signed-up households were more responsive

to our intervention. We interpret these findings as support for our decision to focus our main

analysis on those households that signed up more recently.
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E.1. Full sample histograms of recycling frequency per period

Figure E.1: Histograms of recycling frequency during the baseline period (week 1-3),
comparing all treatment groups together with the control group – full sample
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Notes: The figure shows histograms for the recycling frequency during the baseline period (from zero to
three times) in the control group and in the aggregated treatment groups, including the full sample. N
per group = 348, the treatment groups together add up to N = 1,044.

Figure E.2: Histograms of recycling frequency during period 2 (week 4-6), comparing all
treatment groups together with the control group – full sample
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Notes: The figure shows histograms for the recycling frequency during period 2 (from zero to three times)
in the control group and in the aggregated treatment groups, including the full sample. N per group =
348, the treatment groups together add up to N = 1,044.
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Figure E.3: Histograms of recycling frequency during period 3 (week 7-9), comparing
the continuous and the interrupted treatment groups with the control group – full

sample
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Notes: The figure shows histograms for the recycling frequency during period 3 (from zero to three times)
in the control group and in the continuous and interrupted treatment groups, including the full sample.
N per group = 348 (hence N = 696 for both interrupted groups together).

Figure E.4: Histograms of recycling frequency during period 4 (week 10-12), comparing
the continuous, interrupted and restarted treatment groups with the control group – full

sample
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Notes: The figure shows histograms for the recycling frequency during period 4 (from zero to three times)
in the control group and in the di↵erent treatment groups, including the full sample. N per group = 348.
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E.2. Full sample graphs on weekly recycling behavior

Figure E.5: Percentages of households that recycled per week – full sample

(a) All treatments vs. control
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(b) Treatment split
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Notes: The figure shows the percentages of households that recycled at least once per week in the control
group and in the di↵erent treatment groups over the whole study period, focusing on households with a
recent sign-up year (>= 2019). Sub-figure E.5a compares all treatment groups pooled together with the
control group; sub-figure E.5b splits up the di↵erent treatment groups based on the treatment variation
by periods. N(T0) = 348, N(T1&T2&T3) = 1,044, N(T1) = 348, N(T2&T3) = 698, N(T2) = 348, N(T3)
= 348.
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E.3. Full sample results: Treatment e↵ects by period

Figure E.6: Proportions of households that recycled at least once per period – full
sample

(a) All treatments vs. control
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(b) Treatment split
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Notes: The figure shows the proportions of households that recycled at least once per period in the
control group and in the di↵erent treatment groups over the whole study period, focusing on the whole
sample. Sub-figure E.6a compares all treatment groups pooled together with the control group; sub-figure
E.6b splits up the di↵erent treatment groups based on the treatment variation by periods. N(T0) = 348,
N(T1&T2&T3) = 1,044, N(T1) = 348, N(T2&T3) = 698, N(T2) = 348, N(T3) = 348. The data is
demeaned and re-centered around the pooled groups mean.

Table E.1: Treatment e↵ects on whether households recycled at least once, by period –
full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.032** 0.037*

(0.016) (0.020)
Continuous (T1) 0.044*

(0.025)
Interrupted (T2&T3) 0.014

(0.021)
Continuous (T1) 0.040*

(0.023)
Interrupted (T2) 0.053**

(0.023)
Restarted (T3) 0.013

(0.022)
Constant 0.052*** 0.058*** 0.065*** 0.031*

(0.016) (0.020) (0.020) (0.017)

Adjusted R2 0.325 0.332 0.331 0.312
Observations 4176 1392 1392 1392

Notes: The table reports OLS regressions with dependent variable equal to one if a household
recycled at least once during the respective period. Full sample included. All regressions
include a control for households’ binary baseline recycling activity and the house type, and
use fixed e↵ects for enumerators. Robust standard errors in parentheses; standard errors
clustered at individual household level in column (1). Comparing treatment coe�cients
using one-sided wald tests gives following p-values: column (3) p=0.081 for T1 > T2&T3;
column (4) p=0.291 for T2 > T1, p=0.125 for T1 > T3, p=0.044 for T2 > T3. ***, **, *

indicate significance levels at 1, 5, and 10%, respectively.
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Table E.2: Treatment e↵ects on whether households recycle at least once, by period –
full sample (logit)

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.337** 0.372*

(0.170) (0.210)
Continuous (T1) 0.433*

(0.244)
Interrupted (T2&T3) 0.157

(0.216)
Continuous (T1) 0.448*

(0.256)
Interrupted (T2) 0.581**

(0.251)
Restarted (T3) 0.171

(0.254)
Constant -2.787*** -2.673*** -2.654*** -3.109***

(0.193) (0.237) (0.222) (0.241)

Pseudo R2 0.282 0.284 0.290 0.287
Observations 4176 1392 1392 1392

Notes: The table reports logistic regressions with dependent variable equal to one if a
household recycled at least once during the respective period. Full sample included. All
regressions include a control for households’ binary baseline recycling activity and the house
type, and use fixed e↵ects for enumerators. Robust standard errors in parentheses; standard
errors clustered at individual household level in column (1). ***, **, * indicate significance
levels at 1, 5, and 10%, respectively.

43



E.4. Full sample results: Heterogeneity by recycling at baseline

Table E.3: Treatment e↵ects on whether households recycled at least once, by period –
baseline recycling yes – full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.106* 0.154**

(0.058) (0.072)
Continuous (T1) 0.167**

(0.083)
Interrupted (T2&T3) 0.075

(0.074)
Continuous (T1) 0.061

(0.089)
Interrupted (T2) 0.084

(0.086)
Restarted (T3) 0.031

(0.089)
Constant 0.635*** 0.622*** 0.688*** 0.601***

(0.070) (0.085) (0.082) (0.087)

Adjusted R2 0.018 0.009 0.027 -0.007
Observations 744 248 248 248

Notes: The table reports OLS regressions with dependent variable equal to one if a household
recycled at least once during the respective period. Full sample included; only households
that recycled during the baseline period. All regressions include a control for the house type,
and use fixed e↵ects for enumerators. Robust standard errors in parentheses; standard errors
clustered at individual household level in column (1). Comparing treatment coe�cients using
one-sided wald tests gives following p-values: column (3) p=0.099 for T1 > T2&T3; column
(4) p=0.398 for T2 > T1, p=0.373 for T1 > T3, p=0.277 for T2 > T3. ***, **, * indicate
significance levels at 1, 5, and 10%, respectively.

Table E.4: Treatment e↵ects on whether households recycled at least once, by period –
baseline recycling no – full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.015 0.011
(0.014) (0.018)

Continuous (T1) 0.019
(0.024)

Interrupted (T2&T3) -0.002
(0.019)

Continuous (T1) 0.036*

(0.020)
Interrupted (T2) 0.045**

(0.021)
Restarted (T3) 0.007

(0.018)
Constant 0.056*** 0.070*** 0.067*** 0.030**

(0.015) (0.019) (0.018) (0.015)

Adjusted R2 0.012 0.003 0.026 0.011
Observations 3432 1144 1144 1144

Notes: The table reports OLS regressions with dependent variable equal to one if a household
recycled at least once during the respective period. Full sample included; only households
that did not recycle during the baseline period. All regressions include a control for the
house type, and use fixed e↵ects for enumerators. Robust standard errors in parentheses;
standard errors clustered at individual household level in column (1). Comparing treatment
coe�cients using one-sided wald tests gives following p-values: column (3) p=0.153 for T1
> T2&T3; column (4) p=0.355 for T2 > T1, p=0.081 for T1 > T3, p=0.039 for T2 > T3.
***, **, * indicate significance levels at 1, 5, and 10%, respectively.

44



E.5. Full sample results: Mechanisms

Table E.5: Treatment e↵ects on recycling in period 2 and 3 combined – full sample

Recycled p2 & p3 Recycled neither p2 nor p3 Recycled only p2 Recycled only p3
(1) (2) (3) (4)

Continuous (T1) 0.033 -0.077** 0.022 0.022
(0.023) (0.033) (0.018) (0.018)

Interrupted (T2&T3) 0.019 -0.039 0.018 0.002
(0.018) (0.027) (0.014) (0.014)

Predicted Probability Control (T0) 0.072*** 0.843*** 0.040*** 0.040***

(0.015) (0.022) (0.011) (0.012)

Observations 1392 1392 1392 1392

Notes: Marginal probabilities of a multinomial probit regressions on (1) whether households recycled at least once in both period 2 and period
3, (2) whether households recycled neither in period 2 nor in period 3, (3) whether households recycled only in period 2, (4) whether households
recycled only in period 3. The regression includes a control for households’ binary baseline recycling activity and the house type, and use fixed
e↵ects for enumerators. Full sample included. Standard errors in parentheses. Comparing treatment coe�cients using one-sided wald tests gives
following p-values: column (1) p=0.246 for T1 > T2&T3; column (2) p=0.109 for T1 > T2&T3; column (3) p=0.441 for T1 > T2&T3; column
(4) p=0.123 for T1 > T2&T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.

Table E.6: Treatment e↵ects on recycling in period 2 and 3 combined – baseline
recycling yes – full sample

Recycled p2 & p3 Recycled neither p2 nor p3 Recycled only p2 Recycled only p3
(1) (2) (3) (4)

Continuous (T1) 0.151* -0.148* -0.019 0.016
(0.091) (0.077) (0.049) (0.065)

Interrupted (T2&T3) 0.103 -0.140** 0.067 -0.031
(0.079) (0.069) (0.049) (0.052)

Predicted Probability Control (T0) 0.466*** 0.314*** 0.085** 0.135***

(0.064) (0.060) (0.037) (0.044)

Observations 248 248 248 248

Notes: Marginal probabilities of a multinomial probit regressions on (1) whether households recycled at least once in both period 2 and period
3, (2) whether households recycled neither in period 2 nor in period 3, (3) whether households recycled only in period 2, (4) whether households
recycled only in period 3. The regression includes a control for the house type, and use fixed e↵ects for enumerators. Full sample included. Only
households included that recycled during the baseline period. Standard errors in parentheses. Comparing treatment coe�cients using one-sided
wald tests gives following p-values: column (1) p=0.272 for T1 > T2&T3; column (2) p=0.445 for T1 > T2&T3; column (3) p=0.030 for T1 >
T2&T3; column (4) p=0.198 for T1 > T2&T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.

Table E.7: Treatment e↵ects on recycling in period 2 and 3 combined – baseline
recycling no – full sample

Recycled p2 & p3 Recycled neither p2 nor p3 Recycled only p2 Recycled only p3
(1) (2) (3) (4)

Continuous (T1) 0.007 -0.044 0.023 0.014
(0.017) (0.027) (0.017) (0.015)

Interrupted (T2&T3) -0.001 -0.007 0.006 -0.003
(0.014) (0.021) (0.013) (0.012)

Predicted Probability Control (T0) 0.041*** 0.904*** 0.028*** 0.027***

(0.012) (0.018) (0.010) (0.010)

Observations 1144 1144 1144 1144

Notes: Marginal probabilities of a multinomial probit regressions on (1) whether households recycled at least once in both period 2 and period
3, (2) whether households recycled neither in period 2 nor in period 3, (3) whether households recycled only in period 2, (4) whether households
recycled only in period 3. The regression includes a control for the house type, and use fixed e↵ects for enumerators. Full sample included. Only
households included that did not recycle during the baseline period. Standard errors in parentheses. Comparing treatment coe�cients using
one-sided wald tests gives following p-values: column (1) p=0.288 for T1 > T2&T3; column (2) p=0.061 for T1 > T2&T3; column (3) p=0.101
for T1 > T2&T3; column (4) p=0.207 for T1 > T2&T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
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E.6. Full sample results: Treatment e↵ects over the entire intervention period

Figure E.7: Total recycling frequency during entire intervention period, by treatment –
full sample

(a) Pooled sample
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(b) Baseline recycling yes
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(c) Baseline recycling no
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Notes: The figure shows histograms for the total recycling frequency during the entire intervention
period (period 2-4). Concretely, it shows in how many of the di↵erent periods of the intervention
period households recycled at least once (from zero to three periods). Only households included with
a recent sign-up year (� 2018). Sub-figure E.7a for pooled sample: N per group = 348; sub-figure
E.7b for households that recycled during the baseline period: N(T0) = 63, N(T1) = 59, N(T2) = 65,
N(T3) = 61; sub-figure E.7c for households that did not recycle during the baseline period: N(T0) =
285, N(T1) = 289, N(T2) = 283, N(T3) = 287.
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Table E.8: Treatment e↵ects on recycling over entire intervention period - full sample

Recycled in ... no period one period two periods three periods
(1) (2) (3) (4)

Panel A: Pooled sample (N = 1,392)

Continuous (T1) -0.075** 0.029** 0.019** 0.027**

(0.033) (0.013) (0.009) (0.012)
Interrupted (T2) -0.654** 0.025** 0.017** 0.023**

(0.033) (0.013) (0.009) (0.012)
Restarted (T3) -0.010 0.004 0.003 0.003

(0.031) (0.013) (0.008) (0.010)
Predicted Probability Control (T0) 0.807*** 0.106*** 0.046*** 0.041***

(0.022) (0.012) (0.007) (0.008)

Panel B: Recycled at baseline (N = 248)

Continuous (T1) -0.085 -0.039 -0.005 0.130
(0.053) (0.025) (0.007) (0.080)

Interrupted (T2) -0.086* -0.040 -0.005 0.132*

(0.052) (0.025) (0.007) (0.078)
Restarted (T3) -0.057 -0.023 -0.001 0.081

(0.056) (0.023) (0.004) (0.080)
Predicted Probability Control (T0) 0.222*** 0.220*** 0.171*** 0.386***

(0.045) (0.031) (0.024) (0.057)

Panel C: No recycling at baseline (N = 1,144)

Continuous (T1) -0.050* 0.022* 0.012* 0.016*

(0.028) (0.013) (0.007) (0.009)
Interrupted (T2) -0.036 0.016 0.009 0.011

(0.028) (0.013) (0.007) (0.009)
Restarted (T3) 0.009 -0.004 -0.002 -0.002

(0.026) (0.012) (0.006) (0.007)
Predicted Probability Control (T0) 0.886*** 0.065*** 0.026*** 0.023***

(0.019) (0.010) (0.006) (0.006)

Notes: Marginal probabilities of ordered probit regressions on (1) whether households did not recycle at all during
the entire intervention period, (2) whether households recycled in one period of the intervention period, (3) whether
households recycled in two periods of the intervention period, (4) whether households recycled in three periods of
the intervention period. All regressions include a control for the house type, and use fixed e↵ects for enumerators.
The regressions for the pooled sample also include a control for households’ binary baseline recycling activity. Full
sample included. Standard errors in parentheses. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
Comparing the marginal probabilities of T1, T2 and T3, respectively, using a one-sided wald test gives the following
p-values:
Panel A: column (1) T1 > T2 p=0.394, T1 > T3 p=0.026, T2 > T3 p=0.047; column (2) T1 > T2 p=0.394, T1
> T3 p=0.027, T2 > T3 p=0.049; column (3) T1 > T2 p=0.394, T1 > T3 p=0.028, T2 > T3 p=0.050; column
(4) T1 > T2 p=0.394, T1 > T3 p=0.008, T2 > T3 p=0.050;
Panel B: column (1) T1 > T2 p=0.489, T1 > T3 p=0.281, T2 > T3 p=0.268; column (2) T1 > T2 p=0.489, T1
> T3 p=0.281, T2 > T3 p=0.267; column (3) T1 > T2 p=0.489, T1 > T3 p=0.291, T2 > T3 p=0.276; column
(4) T1 > T2 p=0.489, T1 > T3 p=0.280, T2 > T3 p=0.267;
Panel C: column (1) T1 > T2 p=0.311, T1 > T3 p=0.017, T2 > T3 p=0.027; column (2) T1 > T2 p=0.312, T1
> T3 p=0.018, T2 > T3 p=0.054; column (3) T1 > T2 p=0.312, T1 > T3 p=0.021, T2 > T3 p=0.058; column
(4) T1 > T2 p=0.312, T1 > T3 p=0.021, T2 > T3 p=0.058.
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E.7. Full sample results: Intensive margin - recycling frequency per period

Table E.9: Treatment e↵ects on how often households recycled per period – full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.052* 0.030
(0.030) (0.036)

Continuous (T1) 0.088*

(0.047)
Interrupted (T2&T3) 0.042

(0.040)
Continuous (T1) 0.078*

(0.041)
Interrupted (T2) 0.100**

(0.041)
Restarted (T3) 0.024

(0.039)
Constant 0.073** 0.088** 0.100*** 0.030

(0.030) (0.037) (0.037) (0.031)

Adjusted R2 0.430 0.481 0.417 0.396
Observations 4176 1392 1392 1392

Notes: The table reports OLS regressions with dependent variable how often a household
recycled during the respective period (never up to three times). Full sample included.
All regressions include a control for households’ baseline recycling activity (never up to
three times) and the house type, and use fixed e↵ects for enumerators. Robust standard
errors in parentheses; standard errors clustered at individual household level in column
(1). Comparing treatment coe�cients using one-sided wald tests gives following p-values:
column (3) p=0.127 for T1 > T2&T3; column (4) p=0.311 for T2 > T1, p=0.106 for T1 >
T3, p=0.041 for T2 > T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.

Table E.10: Treatment e↵ects on how often households recycled per period – baseline
recycling yes – full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.178 0.138
(0.122) (0.156)

Continuous (T1) 0.315*

(0.173)
Interrupted (T2&T3) 0.210

(0.156)
Continuous (T1) 0.156

(0.178)
Interrupted (T2) 0.204

(0.173)
Restarted (T3) 0.085

(0.186)
Constant 0.125 0.084 0.273 0.026

(0.201) (0.258) (0.238) (0.216)

Adjusted R2 0.240 0.238 0.269 0.193
Observations 744 248 248 248

Notes: The table reports OLS regressions with dependent variable how often a household
recycled during the respective period (never up to three times). Full sample included; only
households that recycled during the baseline period. All regressions include a control for the
house type, and use fixed e↵ects for enumerators. Robust standard errors in parentheses;
standard errors clustered at individual household level in column (1). Comparing treatment
coe�cients using one-sided wald tests gives following p-values: column (3) p=0.241 for T1
> T2&T3; column (4) p=0.395 for T2 > T1, p=0.353 for T1 > T3, p=0.265 for T2 > T3.
***, **, * indicate significance levels at 1, 5, and 10%, respectively.
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Table E.11: Treatment e↵ects on how often households recycled per period – baseline
recycling no – full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.025 0.007
(0.023) (0.027)

Continuous (T1) 0.045
(0.041)

Interrupted (T2&T3) 0.003
(0.033)

Continuous (T1) 0.064**

(0.032)
Interrupted (T2) 0.077**

(0.033)
Restarted (T3) 0.013

(0.027)
Constant 0.077*** 0.101*** 0.094*** 0.036

(0.024) (0.028) (0.031) (0.023)

Adjusted R2 0.009 0.000 0.016 0.010
Observations 3432 1144 1144 1144

Notes: The table reports OLS regressions with dependent variable how often a household
recycled during the respective period (never up to three times). Full sample included; only
households that did not recycle during the baseline period. All regressions include a con-
trol for the house type, and use fixed e↵ects for enumerators. Robust standard errors in
parentheses; standard errors clustered at individual household level in column (1). Com-
paring treatment coe�cients using one-sided wald tests gives following p-values: column (3)
p=0.134 for T1 > T2&T3; column (4) p=0.370 for T2 > T1, p=0.067 for T1 > T3, p=0.035
for T2 > T3. ***, **, * indicate significance levels at 1, 5, and 10%, respectively.
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E.8. Full sample results: Intensive margin - number of bags recycled per period

Table E.12: Treatment e↵ects on the number of bags recycled by households per period
– full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.050 0.049
(0.103) (0.129)

Continuous (T1) 0.108
(0.151)

Interrupted (T2&T3) -0.041
(0.137)

Continuous (T1) 0.079
(0.132)

Interrupted (T2) 0.161
(0.140)

Restarted (T3) 0.037
(0.141)

Constant 0.309** 0.289* 0.435*** 0.200*

(0.125) (0.171) (0.139) (0.121)

Adjusted R2 0.442 0.470 0.446 0.407
Observations 4176 1392 1392 1392

Notes: The table reports OLS regressions with dependent variable how many bags a house-
hold recycled during the respective period. Full sample included. All regressions include
a control for households’ baseline recycling activity (mean of recycled bags) and the house
type, and use fixed e↵ects for enumerators. Robust standard errors in parentheses; stan-
dard errors clustered at individual household level in column (1). Comparing treatment
coe�cients using one-sided wald tests gives following p-values: column (3) p=0.108 for T1
> T2&T3; column (4) p=0.277 for T2 > T1, p=0.383 for T1 > T3, p=0.199 for T2 > T3.
***, **, * indicate significance levels at 1, 5, and 10%, respectively.

Table E.13: Treatment e↵ects on the number of bags recycled by households per period
– baseline recycling yes – full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) -0.070 -0.013
(0.514) (0.688)

Continuous (T1) 0.147
(0.676)

Interrupted (T2&T3) -0.300
(0.653)

Continuous (T1) -0.198
(0.662)

Interrupted (T2) 0.204
(0.681)

Restarted (T3) -0.156
(0.723)

Constant 1.600 1.426 2.158* 1.243
(1.023) (1.512) (1.100) (0.974)

Adjusted R2 0.316 0.320 0.357 0.242
Observations 744 248 248 248

Notes: The table reports OLS regressions with dependent variable how many bags a house-
hold recycled during the respective period. Full sample included; only households that
recycled during the baseline period. All regressions include a control for households’ base-
line recycling activity (mean of recycled bags) and the house type, and use fixed e↵ects for
enumerators. Robust standard errors in parentheses; standard errors clustered at individual
household level in column (1). Comparing treatment coe�cients using one-sided wald tests
gives following p-values: column (3) p=0.189 for T1 > T2&T3; column (4) p=0.274 for T2
> T1, p=0.476 for T3 > T1, p=0.311 for T2 > T3. ***, **, * indicate significance levels at
1, 5, and 10%, respectively.
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Table E.14: Treatment e↵ects on the number of bags recycled by households per period
– baseline recycling no – full sample

Period 2-4 Period 2 Period 3 Period 4
(1) (2) (3) (4)

All treatments (T1&T2&T3) 0.076 0.070
(0.053) (0.056)

Continuous (T1) 0.123
(0.107)

Interrupted (T2&T3) -0.004
(0.081)

Continuous (T1) 0.149*

(0.078)
Interrupted (T2) 0.143*

(0.078)
Restarted (T3) 0.066

(0.074)
Constant 0.196*** 0.195*** 0.271*** 0.119*

(0.057) (0.057) (0.079) (0.068)

Adjusted R2 0.008 0.000 0.014 0.007
Observations 3432 1144 1144 1144

Notes: The table reports OLS regressions with dependent variable how many bags a house-
hold recycled during the respective period. Full sample included; only households that did
not recycle during the baseline period. All regressions include a control for the house type,
and use fixed e↵ects for enumerators. Robust standard errors in parentheses; standard er-
rors clustered at individual household level in column (1). Comparing treatment coe�cients
using one-sided wald tests gives following p-values: column (3) p=0.098 for T1 > T2&T3;
column (4) p=0.474 for T1 > T2, p=0.170 for T1 > T3, p=0.188 for T2 > T3. ***, **, *

indicate significance levels at 1, 5, and 10%, respectively.
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