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Abstract

This paper presents a randomized controlled trial involving parents in Bogotá, D.C., and

nearby cities to encourage the completion of their daughters’ HPV vaccine schedule. The

experiment employed decision aids through a text message campaign with two behavioral

components: ownership reminders, soft-default options, or both. The results showed

the soft-default option had a similar effect to the treatments that combined the message

with the ownership reminder. Particularly the impacts of these messages go from 7.96

percentage points to 9.13 percentage points compared to 8.63% of the vaccination

rate in the control group. However, there is evidence that soft-default options have

different impacts than the treatment that only sent the ownership reminder because

the effect of this last treatment is 4.62 percentage points. These results suggest that

behavioral-based SMS interventions effectively increase the uptake of the second dose of

the HPV vaccine and can be adopted as a tool by the Health Secretariat for boosting

vaccination rates.
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1 Introduction

Vaccination is a critical health investment that protects individuals and communities from

diseases. For instance, Li et al. (2021) estimate that from 2000 to 2019, vaccination programs

against ten pathogens1 in 98 low-income and middle-income countries prevented 37 million

deaths and could avert 32 million more by 2030. Given these benefits, the standard economic

theory would suggest that agents assess risk perceptions using the expected utility theory,

determining that vaccination lowers disease contraction likelihood against minimal adverse

event probabilities, making vaccination the rational choice. However, many people fail to

take advantage of these health innovations provoking suboptimal uptake rates on two fronts:

unvaccinated individuals and those with incomplete vaccination schedules. Although the

literature extensively examines reasons for non-vaccination2, fewer studies analyze the reasons

behind unfinished vaccination schedules. Exploring vaccination schedule completion is also

crucial since it increases protection against diseases.3 This paper focuses on this population

that has already expressed an interest in vaccination. Nevertheless, several factors contribute

to this population’s failure to fulfill their vaccine schedules.

Among these factors is procrastination, a behavioral aspect often observed in individuals

who intend to accomplish vaccination but tend to delay the process as the vaccination date

approaches (Nuscheler & Roeder, 2016). Another critical factor is the time lapse between the

first and other doses. This lengthy interval between doses creates a challenge, as McDaniel

and Einstein (2007) demonstrates that people have limited prospective memory, which implies

1Specifically, hepatitis B virus, Haemophilus influenzae type B, human papillomavirus, Japanese en-
cephalitis, measles, Neisseria meningitidis serogroup A, Streptococcus pneumoniae, rotavirus, rubella, and
yellow fever.

2One possible explanation is the beliefs about safety and adverse events (Gust et al., 2005; Azarpanah et
al., 2021). These risk perceptions derive from different behavioral biases, such as the availability heuristic
(Tversky & Kahneman, 1973), omission bias (Ritov & Baron, 1990), loss aversion (Tversky & Kahneman,
1991), and confirmation bias (Nickerson, 1998). Another reason for non-vaccination is the beliefs about the
disease’s perceived likelihood and severity (Brewer et al., 2007).

3In the covid-19 context, Mukherjee et al. (2022) discovered that patients with one dose of the anti-SARS
CoV-2 vaccine had a 50% lower risk of in-hospital death, whereas those with two doses had a 60% lower
probability of dying.
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that they may face difficulties in remembering and executing tasks in the future. Furthermore,

overconfidence in memory capacities (Ericson, 2011; Tasoff & Letzler, 2014) can further

complicate compliance with vaccination schedules. As a result of these factors, individuals

may intend to take action regarding vaccination but fail to follow through, a concept known

in the literature as the intention-action gap.

Understanding the above factors is essential for designing effective public health policies to

improve vaccination rates and health outcomes. Similarly, it is crucial to understand the

context in which an intervention aimed to boost vaccination rates. For instance, low and

middle-income countries often lack sufficient information or resources to design targeted

or personalized interventions for each population group. Monetary incentives (Banerjee et

al., 2010; Basinga et al., 2011; Robertson et al., 2013; Caskey et al., 2017), educational

campaigns (Owais et al., 2011; Andersson et al., 2009), and home visits (Brugha & Kevany,

1996; Kendrick et al., 2000) may be effective, but they can be expensive or challenging to

implement on a large scale.

This paper employs a behavioral sciences-based procedure since its solutions, in many cases,

are low-cost and easy to implement. Specifically, I implemented a short messaging service

(SMS) campaign targeting parents of girls (typically the mother) who still need to complete

their HPV vaccination schedules in Colombia, concretely Bogota, D.C., and surrounding

cities. I focused on parents because they are mainly responsible for making health-related

decisions for their daughters. Moreover, Yagi et al. (2016) found that the decision to accept or

reject the vaccine was primarily driven by mothers’ vaccine beliefs rather than the daughters’

beliefs. Additionally, the campaign featured decision aids to overcome the intention-action

gap among parents, ultimately facilitating the vaccination of their daughters. Parents were

randomized to receive a series of SMS from the Health Secretariat (HS) for six weeks in one

of the four treatment groups described below, a pure or placebo control group.

The most basic treatment arm is similar to a strategy used in recent literature by Milkman
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et al. (2021): an ownership reminder, which implies sending a message indicating that a

vaccine is “reserved for you”. This reminder is highly effective because it employs threefold

strategies. The approach frames getting the vaccine as the default and leverages a sense of

reciprocity and ownership. Furthermore, the second primary intervention uses a variant of

default options, pre-selected choices applied to individuals in the absence of action. In this

setting, the message suggested the time and the day for vaccinating their daughters with the

dose of the HPV vaccine. Thus, this treatment encourages parents to follow a recommended

path by the government. The other two interventions are combinations of the two previous,

differing only in the timing of the ownership reminders being sent.

Once explained the treatments, it is crucial to examine the situation in Colombia, a country

that has faced significant challenges in maintaining HPV vaccination rates. From nearly 100%

coverage for the first dose in 2012, the national rate in 2019 for first doses descended to 34.1%

and 11.1% for second doses (Ministerio de Salud y Protección Social de Colombia, 2020).

This dramatic drop is explained by an outbreak of unknown origin in Carmen de Bolivar (a

Colombian city), which was associated with the HPV vaccine by media, turning the HPV

vaccine into a controversial topic. Hence, this event distorted families’ beliefs about the safety

of HPV vaccination, making Colombia an engaging setting to explore these concerns.

Regarding the experiment’s results on this population, my estimates indicate that the SMS

campaign improves compliance with the second dose of the VPH vaccine. The general

intervention (without distinguishing between treatments) increases the probability of taking

the vaccine by 7.6 percentage points compared to 8.63% percent of the vaccination rate in

the control group, resulting in an 88% boost in vaccine uptake. Regarding the specific effects,

the most impactful messages are the ones related to soft-default options. In addition, I find

no evidence for the complementary effects of sending two SMS; even in some results, it seems

the opposite exists. Finally, there are heterogeneous impacts concerning whether the girl is

younger contrasted with older girls or if they live inside Bogotá versus outside Bogotá.
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This paper relates to a body of studies using behavioral science to increase vaccination

uptake. For instance, Stockwell et al. (2014) found that reminders in a low-income obstetric

population effectively improve influenza vaccine rates. Closely related to my study, Milkman

et al. (2021) conducted an extensive field study examining the effect of 19 SMS prompts on

increasing influenza vaccine uptake. I used their approach of ownership reminder but with

some differences. First, the intervention is at the parent level, but the vaccine is for their

daughters, so the content of the message changes to a vaccine is “reserved for your daughter”.

I also included default options as they effectively improve vaccination rates in different settings

(Chapman et al., 2010; Lehmann et al., 2016). This paper is also connected with emerging

literature that deploys insights from behavioral sciences to encourage vaccination against

Covid-19 and mitigate the effects of the pandemic4.

Regarding the HPV vaccine, there is also a growing literature that uses behavioral sciences

to promote the vaccine. Notably, Kharbanda et al. (2011); Matheson et al. (2014); Tull et al.

(2019) deploys text message reminders, proving effective in enhancing vaccination uptake.

Rand et al. (2017) utilize SMS and phone calls, finding that SMS is more efficacious in

boosting HPV vaccine uptake. In addition, Chao et al. (2015) discovered that reminder letters

effectively motivate completing the HPV series. My messages are similar, for example, in

reminding the second dose of the vaccine, but also different since it is a soft default indicating

the date of an appointment to vaccinate the daughters of the parents but without telling a

place because the vaccine is generally available and free at any vaccination station.

Finally, this paper is related to the literature that uses technological solutions to encourage

vaccination. In the existing literature, various strategies have been employed, including not

only SMS interventions but also the use of mobile applications (Atkinson et al., 2016; Fadda

et al., 2017), interactive web-based tools (Betsch et al., 2012) or social media interventions

4Specifically, Dai et al. (2021) designed text message reminders. The most effective message provided a
sense of ownership of the vaccine. Thus this supports the idea that the ownership message from Milkman et
al. (2021) worked well in another context different from influenza. Similarly, in the covid-19 scenario,(Tentori
et al., 2022) shows that changing the default option of opt-in to opt-out increased the vaccination uptake.
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(Nowak et al., 2015; Glanz et al., 2017). Furthermore, this experiment is beyond a laboratory

setting since it is part of a large-scale, city-wide effort in partnership with the government.

Therefore, this study is also associated with both the growing literature on wide-scale

experimentation (Muralidharan & Niehaus, 2017; Duflo, 2020) and research that cooperates

with the government to nudge people toward a desired action (Halpern & Sanders, 2016;

Benartzi et al., 2017).

The rest of the paper is organized as follows. The next section describes the background.

Section 3 presents the research design, which includes the behavioral biases, the description

of the intervention, the data, the ethical issues, and the randomization. Section 4 shows the

estimation strategy. Section 5 examines the main results, the dynamics of the effects, the

complete model, and the global effect of the campaign. Section 6 presents the heterogeneous

treatment effects and robustness checks by multiple comparisons. Section 7 presents a brief

Cost-effectiveness analysis. Section 8 concludes.

2 Background

In 2020 approximately 342,000 women died from cervical cancer (CC), and around 90 percent

of the deaths occurred in low- and middle-income countries (Sung et al., 2021). The primary

cause of CC is the Human Papillomavirus (HPV) since more than 95% of CC is due to

HPV (WHO, 2022), preventable by a cost-effective solution such as vaccination. However, in

Latin America, a significant reduction in HPV vaccination coverage has occurred in the years

following its inclusion in the vaccination plans (Nogueira-Rodrigues, 2019). Consequently,

there is a severe public health problem in the region. Since many women are still unimmunized,

the long-term consequences are devastating. For instance, CC causes severe impact on women

and families, resulting in psychological distress, physical suffering, and loss of life (Distefano

et al., 2008). Additionally, CC can result in significant financial impacts on those affected,

including income loss and raised healthcare expenses. Similarly, CC can lead to decreased
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productivity and increased healthcare costs for the countries. Remarkably, Shah et al.

(2020) suggest that the cost of CC in the United States is substantially higher for those

affected. Specifically, the study found that the average health expenditure for a woman

with CC was $10,031, compared to only $4,913 for those without the condition. Therefore,

governments must implement effective HPV vaccination programs to mitigate costs associated

with CC.

Colombia is a particular case regarding HPV vaccination, as according to Nogueira-Rodrigues

(2019) in 2013, the vaccination coverage of first doses was 97.5%, the second-best rate

worldwide after Australia. A significant part of its success is attributable to the campaign

implemented in 2012 in schools across the country, where girls over nine years of age were

vaccinated on a mandatory basis. Nevertheless, in 2014 an outbreak of unknown etiology

occurred in the municipality of Carmen de Bolivar; around 500 girls who had been immunized

against HPV presented headaches, fainting, and numbness of extremities. Some families in

the municipality and anti-vaccine movements claimed that the HPV vaccination was the

cause of the outbreak. This case led to a huge controversy surrounding the vaccine and bad

publicity in the media. So vaccination rates dropped precipitously, to the point that by 2016

coverage for first doses was 14% and 9% for second doses (Simas et al., 2019). However,

the Colombian Ministry of Health and Social Protection, in conjunction with the National

Institute of Health, conducted an epidemiological study in which they demonstrated that

it was not plausible to associate HPV vaccination with the events in Carmen de Bolivar

(Mart́ınez et al., 2015). Similarly, several international studies have confirmed the safety of

the vaccine. In particular, Phillips et al. (2018) identified 109 studies demonstrating that all

HPV vaccines have an acceptable safety profile.

Following the Carmen de Bolivar incident, much political instability was generated around

the vaccine. Therefore, the Colombian state preferred to withdraw its support for HPV

vaccination and adopt a more indifferent stance. The school campaign was interrupted, and
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the government decided to incorporate informed consent so that the parents would have the

autonomy to decide whether to vaccinate their daughters. Provoking an additional barrier

since other vaccines in the vaccination plan do not require informed consent.

Despite little government support, institutions such as the Liga Colombiana Contra el Cáncer

and the American Cancer Society have made several efforts to improve HPV vaccination

coverage in the country. In Arauca (a city in Colombia), for example, an educational campaign

was developed targeting the different members of the HPV vaccination process. After the

campaign, vaccination rates in Arauca went from 5% in 2017 to 41% in 2018, and 83 % in

2019 (Castro et al., 2020). Hence the Liga made significant progress in Aracua. However,

there is still massive room for improvement in the rest of the country because the national

coverage for 2019 for first doses was 34.1% nationally and only 11.1% for second doses. While

the situation is more alarming in Bogota, the coverage of first doses was 25.7% for first

doses and only 6% for second doses in 2019 (Ministerio de Salud y Protección Social de

Colombia, 2020). These statistics reflect the severe problem that Bogota is facing regarding

HPV vaccination, especially in the coverage of second doses.

3 Research design

This section discusses the intervention’s structure and the cognitive biases that it addresses.

Additionally, it describes the ethical issues, the data and its descriptive statistics, the outcome

of interest, the randomization process, and the balance tests.

3.1 Behavioral biases

The target population is the parents of girls between 9 and 17 years old with incomplete HPV

vaccination schedules because the vaccine is free for this age range. These parents already

exhibit their interest in the vaccine by vaccinating their daughters against HPV with the first

dose. Therefore, it is not necessary to change their beliefs about the vaccine. The fact that
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parents have not completed the vaccination schedule is not due to incorrect beliefs about

HPV vaccination or the HPV disease itself. Contrarily, it is plausible to assume that they

know the importance of vaccinating their daughters against HPV. Moreover, novel literature

underlines the existence of altruistic behavior among parents regarding vaccination. Goss

et al. (2020) found that one of the primary motivations for vaccinating their children is the

desire to protect and keep them healthy. Given that parents have already demonstrated

interest in the HPV vaccine and could have altruistic tendencies toward their daughters’

well-being, it can be presumed that they intend to complete the vaccination schedule.

However, parents constantly postpone this duty due to different possible reasons. One possible

explanation is cognitive overload. Parents frequently have multiple tasks and responsibilities,

leading to much information to process. This behavioral bias may result in forgetting crucial

tasks, such as completing their daughters’ vaccination schedules. Likewise, Lobel and Amir

(2011) identified that cognitive overload could lead to suboptimal medical decisions. Another

behavioral bias, present bias, can result in parents procrastinating on the day of vaccinating

their daughters (Nuscheler & Roeder, 2016). These parents may think that the second

additional dose can wait because they have already given their children the first dose of the

vaccine, continuously delaying the duty. Moreover, McDaniel and Einstein (2007) shows that

individuals’ prospective memory is limited, implying that they could face challenges when

remembering and performing future tasks. Furthermore, overconfidence in their memory

capacity (Ericson, 2011; Tasoff & Letzler, 2014) can also restrain compliance with vaccination

schedules. Thus, I implemented interventions that addressed these behavioral biases and

incorporated behavioral insights in the text messages to bridge the intention-action gap.

3.2 Intervention

Elaborating on this approach, in 2021, I partnered with several organizations to design and

implement behavioral interventions via text messages targeting HPV vaccination compliance.

The organizations include the American Cancer Society, the Behavioral Government Lab
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(Universidad del Rosario), the Inter-American Development Bank, the Liga Colombiana

Contra el Cáncer, and the Health Secretariat (HS) of the City of Bogota. I collaborated in

the design and implementation of all the experiments. Indeed, this experiment constitutes a

component of this alliance 5.

The messages of my experiment have different behavioral elements. Each treatment arm

included two fixed components: the mother’s first name and the message’s sender. The first

fixed component personalized the SMS, as other settings have shown effective (Karlan et

al., 2012). In the context of the HPV vaccine Wynn et al. (2021) shows that personalized

reminders effectively promote the completion of the HPV series. The second fixed component

concludes the message with the name of the sender since some parents believe that the

government does not strongly support the vaccine. Therefore, placing this authority gives

institutional backing and provides monitoring. In addition, the messages have the principal

behavioral component that, depending on the treatment, uses soft-default options or ownership

reminders as in (Milkman et al., 2021) or both.

Default options are effective because they take advantage of several behavioral biases influ-

encing decision-making. For instance, people tend to stick with the current option and are

hesitant to change. This bias is known in the literature as the status quo bias (Samuelson &

Zeckhauser, 1988). Additionally, the default options deal with cognitive overload because

providing a recommended choice can facilitate the decision-making process.

Regarding vaccination, default options are proven to be successful. Specifically, Chapman et

al. (2010) and Lehmann et al. (2016) found that an opt-out condition increased the probability

of a flu shot appointment. I used a similar strategy by suggesting a time and a day for parents

to go and vaccinate their daughters. The only difference is that the message doesn’t provide

a location because mothers can go to any vaccination center and ask for the HPV vaccine.

5My treatments differ from the big experiment, which utilized planning tools, reminders and social norms.
In the case of this paper, I implemented ownership reminders and soft-default options. Additionally, two
control groups (pure and placebo) are used, compared to three in the other experiment.
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The treatment is named the soft-default option since, in the end, it is a recommendation.

There is nothing concrete because the message is not mentioning the location. In addition,

this can facilitate the work of the HS since they do not need to think about the best place

for each mother to take her daughter to be vaccinated.

Concerning the methodology of ownership reminders proposed by Milkman et al. (2021),

they used the following message in their treatments: “a flu shot has been reserved for you”.

According to the authors, the behavioral strategies used in this kind of message are threefold.

First, the message frames the vaccination as the default and the expected behavior. Second,

there is a loss aversion component because the language makes parents feel the vaccine

belongs to their daughters, and therefore they do not want to miss “their” dose. Lastly,

there is reciprocity since the health provider took the time to set aside the vaccine dose.

Thus, it would be disrespectful not to correspond to the action of the HS by taking the dose.

Additionally, the ownership reminder works as a traditional reminder because it addresses

procrastination by nudging people to take action and complete the task. Similarly, it confronts

the limited prospective memory and overconfidence in their memory capacities by refreshing

that it is the time to vaccinate their daughters and encouraging compliance.

In this context, I used the ownership reminder with the wording “an HPV vaccine reserved

for your daughter.” This study tested four treatments sent for six weeks from May 4 to

June 11. Once a daughter of a treated parent was vaccinated, the messages stopped being

sent. The timeline of the experiment is presented in figure (1). The first treatment is the

ownership reminder only. The second treatment is only one SMS using soft-default options.

The assigned appointments were Saturday at 10 am because vaccination posts continue to

operate on that day, and parents can have more time to vaccinate their daughters. These

two treatments were sent alone to test the individual effects of each message. The last

two treatments are a combination of the two previous interventions. First, the Soft-default

option message was sent with the appointment for vaccination on Wednesday at 7:00 pm,
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Figure 1: Experiment Timeline

Data preparation
SMS Campaign

(6 weeks)

First delivery
1st week, May

Last delivery
2nd week, June

Data request
2nd week, August

IRB approvalIntervention design

March April May June July August September

Notes: The figure presents the timeline of the experiment in the year 2022. It shows how long each process

took, from the intervention design to the data request. The first round of messages sent was on Wednesday,

May 4, 2022, and the last round was on Saturday, June 11, 2022.

when parents had already left work hours. Then, the parents received a message with the

Ownership reminder. I carried out two versions of the reminder timing: one 24 hours before

the appointment and one 2 hours before. These versions allow us to identify whether the

timing of the reminder matters. Figure (A1) in the appendix presents the content of the text

messages based on these dimensions.

3.3 Ethical issues

Informed consent was not necessary for this project as it was implemented within the

framework of the public policy of vaccination against HPV implemented by the health

authorities of the District of Bogotá. In this scenario, the HS of the District of Bogotá

already uses a communication campaign through text messages to encourage vaccination.

The research team’s contribution was to design a communication strategy based on behavioral

sciences to improve the strategy already implemented by the city’s health authorities. The

IRB of the Universidad del Rosario approved this intervention. In addition, the data were

managed with the greatest care, ensuring the protection of sensitive information of the

parents. Rigorous measures were taken to maintain the confidentiality and privacy of the

data, attaching to best practices and guidelines in handling personal information.
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3.4 Data

3.4.1 Data sources

The implementation of the SMS campaign was possible due to the administrative data of HS.

Colombia has an excellent immunization program (PAI) that covers the entire population,

and it does not matter whether the person is insured in the health system. Regarding the

information on the vaccines, this is uploaded to the application (PAIWEB) by the health

providers constantly. Therefore, I can observe whether the girls have been vaccinated and

the immunization dates.

Figure 2: Sample construction for this experiment

Girls with incomplete
HPV vaccination

schedule (n=100465)

Excluded for the large experiment
(n=52567):
a) Dropping duplicate girls (n=2082)
b) Excluding records without parent’s in-
formation or without cellphone numbers
(n=45898)
c) Excluding parents of girls who were vacci-
nated with the second dose in June, July and
August (n=2016).
d) Excluding parents without information
about the locality, from Sumapaz, and out-
side Bogota (n=2571)
e) Girls were excluded because six months
had not elapsed between doses (n=4841)

Final sample for the large
experiment (n=43057)

From this sample of excluded obser-
vations, I keep the ones in items d)
and e) for my experiment. (n=7412)

Excluded for this experiment (n=1505):
a) Excluding girls who were vaccinated with
the second dose between October 2021 and
February 2022 (n=1464)
b) Excluding parents of girls who turned 18
years old (n=29)
c) removing duplicates of the same phone or
wrong phones (n=12)

Final parent sample for
this experiment (n=5907)

Notes: The figure shows how the base of the experiment was constructed, basically using part of the sample

excluded in the large project.
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3.4.2 Sample composition

As previously mentioned, this experiment is a subset of a larger group of experiments. Figure

(2) illustrates in detail the origin of the specific sample used in this study, derived from the

excluded subset of records from the large experiment. Specifically, I used the records outside

Bogota, the observations without the locality information, or if the parent belonged to the

locality of Sumapaz. In this experiment, this information is not required. In contrast, the

other research does need the data since it includes social norms at the locality level, and

Sumapaz was excluded due to its limited number of observations.

Similarly, I used the sample of girls who still needed to complete the time for the second dose

(6 months) in that experiment. However, by the date of this experiment’s implementation,

they would be eligible for the second dose. The final sample for this experiment is composed

of 5907 parents who have daughters with an incomplete HPV schedule.

3.4.3 Variables

There are limited pre-treatment covariates. Among these covariates are the health care

provider (EPS), the entities in charge of organizing and guaranteeing the mandatory health

plan. Likewise, there is information about whether the mother belongs to the contributory

regimen, that is, has payment capacity, or belongs to the subsidized regime. Although the

Colombian health system intends to cover the population, some people are uninsured, and

others belong to special regimes. Moreover, the administrative records provide the person’s

nationality, location, ethnicity, if was displacement by civil war, and the daughter’s age.

Regarding the primary outcome, it is a categorical variable that indicates whether a parent’s

daughter is vaccinated against HPV during the SMS campaign window (six weeks) or two

months after the end of the intervention.
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3.4.4 Summary statistics

The table (1) provides descriptive statistics of the covariates mentioned above for the final

sample of parents. Approximately 62.8% of the parents are within Bogota, and the average

girl’s age is 11.25 years. Concerning the enrollment in health insurance, the EPS Famisanar

has the majority of the affiliates in this sample, followed by the Compensar (18.4%) and the

EPS Sanitas (14.7%). Additionally, the table presents the principal health regimes. Around

81.3% of the parents belong to the contributory scheme, 12.3% belong to the subsidized

scheme, and 5.08% are part of other schemes or special regimes. Only 1.3% of the parents

are uninsured. Finally, the table includes whether the parent has Colombian nationality

(96.3%), belongs to an ethnic group (0.508%), or has been displaced by the armed conflict

(1.24%).

Table 1: Descriptive Statistics

Variables mean sd min max N

Girl’s age in years 11.25 2.013 9 17 5,907
Parent is within Bogota 0.628 0.483 0 1 5,907
EPS Sanitas 0.147 0.354 0 1 5,907
EPS Salud Total 0.101 0.301 0 1 5,907
EPS Famisanar 0.204 0.403 0 1 5,907
EPS Compensar 0.184 0.387 0 1 5,907
EPS Capital Salud 0.0963 0.295 0 1 5,907
Other EPS 0.268 0.443 0 1 5,907
Contributory Scheme 0.813 0.390 0 1 5,907
Uninsured 0.0130 0.113 0 1 5,907
Subsidized Scheme 0.123 0.328 0 1 5,907
Other scheme 0.0508 0.220 0 1 5,907
Belongs to some ethnic group 0.00508 0.0711 0 1 5,907
Displaced by the armed conflict 0.0124 0.110 0 1 5,907
Colombian nationality 0.963 0.189 0 1 5,907

Notes: The table presents summary statistics for the final sample of parents
in the experiment based on the Health Secretariat of Bogotá administrative
records. The reported statistics include means, standard deviations, minimum
and maximum values, and the sample size for each variable.
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3.5 Randomization

The experiment employed a randomized block design. Specifically, participants were divided

into blocks according to their location (Bogotá or outside Bogotá) and the girl’s age. Since

I used age as a block variable, I constructed a binary variable to avoid the “curse of

dimensionality .” This dummy variable equals 1 for girls aged 9 and 10 and 0 for the other

cases. Participants were subsequently assigned to only one of the above behavioral experiments

using the re-randomization algorithm suggested by Morgan and Rubin (2012). Table (A1)

reports the analysis of the balance of randomization on the limited set of pre-treatment

covariates for the experiment. The tables suggest that the randomization of the experiment

ensured no difference between treatment arms in terms of observables.

Figure 3: Experimental Design for the experiment

Full sample:
5,907 parents

Control:
1,970

Pure:
985

Placebo:
985

Treatment:
3,937

1 SMS:
1,969

(1) Ownership
reminder:983

(2) Soft
default: 986

2 SMS:
1,968

(1)+(2)
Opt.1: 984

(1)+(2)
Opt.2: 984

Notes: The figure shows the number of observations in each group after the randomization, encompassing the

control and treatment types.

The experiment incorporates two control groups besides the behavioral treatment groups: the

pure control group does not receive any message, and the placebo control receives a message

about mental health care and contains the fixed elements. I intend to distinguish between the

effect of sending a message and sending a behavioral-based text message with this placebo

message. Figure A2 in the appendix shows the content of the placebo control message.
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4 Estimation Strategy

This section discusses the methods that will be employed to evaluate the impact of the

SMS campaign on vaccination adherence. Utilizing an RCT design allows for robust causal

inference since it controls for both observable and unknown confounders. The principal

method used for the estimations is Ordinary Least Squares (OLS). Below there is a complete

description of each equation.

4.1 Estimation of Treatments impacts

I will estimate the impacts of interventions using an intention-to-treat (ITT) approach.

This approach is appropriate since the messages can be sent, but confirming if the parent

read the message is infeasible. Therefore, the ITT approach maintains the benefits of

randomization and tackles non-compliance issues by studying all parents according to their

allocated treatment groups. I will estimate models as follows:

Yij = α +
K∑

κ=1

τκTj + θs +X
′

ijγ + ϵij (1)

Where Yij is the outcome of interest for girl i from parent j measured two months after the

end of the SMS campaign. Tj denotes the treatment status of the parent j. θs is the vector

of categorical variables of the stratification (location*age). X
′
ij is a vector of pretreatment

covariates at the girl and parent level, and ϵij is the error term. τκ is our parameter of interest

that will capture the ITT effect for each treatment arm.

4.2 Heterogeneous Treatment Impacts

I will examine the differential impact of the treatments by including interaction terms between

the pre-treatment variables of interest Wj for parent j and the treatment variables. Thus,

models with the following structure will be estimated:
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Yij = α +
K∑

κ=1

βκZj + γWj +
K∑

κ=1

φκ(Zj.Wj) + θs +X
′

ijδ + εij (2)

Where the coefficients φκ recover the heterogeneous treatment effects. The pre-treatment

covariates of interest are the variables used for the stratification location and the girl’s age.

In addition, I employ a series of categorical variables for heterogeneous effects, including the

parent’s affiliation with the subsidized regime or absence of health insurance, Colombian

nationality, and whether they have been displaced due to the armed conflict.

4.3 Estimation of Complementary Impacts

In this section, I will investigate the possibility of positive complementary effects deriving from

the two types of messages: ownership reminders and soft-default options. This examination

can provide valuable insights into the advantages of combining different messaging methods

to enhance vaccination. Precisely, the following equation will estimate the complementary

effects of the treatments:

Yij = α + ψOj + ωSj + π(Oj.Sj) + θs +X
′

ijγ + ϵij (3)

Where Oj is a categorical variable equal to 1 if the parent receives a message with the

behavioral component of ownership reminder. Sj is a dummy equal to 1 if the parent receives

a message with soft-default options. The coefficient π captures whether there are positive

complementary effects.

4.4 Addressing issues with RCTs

In this study, several issues may arise. For instance, multiple hypothesis testing could arise

from multiple treatment arms. Therefore, the Bonferroni correction will be implemented to

account for multiple inferences. Additionally, given the nature of the study, parents cannot
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change their treatment status. However, exceptions might occur, such as parents changing

their phone numbers, no longer being in use, or messages not being read. An intention-to-treat

(ITT) analysis will be implemented to account for all the possible deviations. As a final point,

attrition will not be a problem since I work with administrative records. However, I could

implement Lee (2009) if required.

5 Results

First, I estimated the individual effects using the equation (1). Then, I present the results by

week because it is crucial to analyze the dynamics of the impacts6. Subsequently, I show the

complete model to look for complementary effects in the SMS. Finally, I present the results

of the global effect of the intervention.

5.1 Individual effects

The first four rows of table (2) present the impacts of the individual treatments. Each column

uses different comparison groups. For instance, column(1) uses pure control (no message),

column(2) the placebo control, and column(3) uses both comparison groups, the pure and

the placebo. The comparison between the mean of the dependent variable of the pure control

group and the placebo group suggests no difference between the two groups. All interventions

increased the vaccination uptake of the HPV vaccine and are statistically significant at the

standard level of significance under all specifications. Furthermore, table (A2) in the appendix

shows the estimates without controls, and it is evident that the coefficients are practically

identical.

The best-performing intervention is the treatment that includes soft-default options and

an ownership reminder two hours before the appointment since this message increases the

6For a comprehensive view of the cumulative effects over time, figures (A9) and (A10) in the appendix
illustrate the Kaplan-Meier estimates, representing the percentage of girls in the control groups and the
treatment groups who received the second dose of the HPV vaccine by a specific day.
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probability of vaccination by 9.13 percentage points compared to a vaccination rate of 8.63%

in the pure control group. This effect is comparable to the findings of other contexts. In

particular, the magnitude of the impact of reminder letters found by Chao et al. (2015) is

9.8 percentage points. However, my result is more prominent than what was observed by

Tull et al. (2019) 3.29 percentage points. In general, this result is remarkable, representing a

105.8% relative increase in the uptake of HPV immunization compared to the pure control

group. The effectiveness of this treatment holds changing the reference group by the placebo

control.

Table 2: Effect of the SMS campaign on HPV vaccination schedule completion

HPV vaccine schedule adherence

Variables (1) (2) (3)

Ownership reminder 0.0462*** 0.0310** 0.0386***
(0.0139) (0.0143) (0.0125)

Soft-default 0.0867*** 0.0723*** 0.0795***
(0.0147) (0.0150) (0.0133)

Soft-default+Ownership reminder (2 SMS: 62 h+24 h pre-appt) 0.0796*** 0.0651*** 0.0723***
(0.0146) (0.0149) (0.0133)

Soft-default+Ownership reminder (2 SMS: 62 h+2 h pre-appt) 0.0913*** 0.0764*** 0.0839***
(0.0149) (0.0152) (0.0135)

Observations 4,922 4,922 5,907
Controls Yes Yes Yes
Control type Pure control Placebo control All controls
Control mean 0.0863 0.0995 0.0929
P-value, Ownership reminder only=other treatments 0.016 0.014 0.015
P-value, Soft-default only=other soft-default treatments 0.775 0.786 0.778

Notes: The dependent variable is a dummy equal to 1 whether the girl is vaccinated with the second dose of the HPV vaccine during the SMS
campaign window (six weeks) or two months after the end of the intervention. Each column compares the effects of interventions against a
different type of control. Column (1) uses the pure control group, column (2) utilizes the placebo control group, and column (3) incorporates a
combined group of both control types. All columns include control variables such as the parent’s EPS, the associated regime, the individual’s
nationality, displacement status, the girl’s age, ethnicity, and the variables employed for the stratification. P-value, Ownership reminder
only=other treatments tests whether the ownership reminder’s effect equals the other treatments’ effects on the given outcome. P-value,
Soft-default only=other soft-default treatments assesses whether Soft-default only and other soft-default treatments have equal impacts on
the dependent variable. Robust standard errors are in parentheses. Additionally, I employed a specification adjusting standard errors for
parent clusters, and the results remained consistent, confirming the robustness of the results. ***, ** and * indicate statistical significance at
the 1%, 5% and 10% respectively.

Nevertheless, the other two treatments that include default options are also highly effective

since the magnitude of the effects is very similar to the best-performing message. Indeed, I

performed a Wald test between the coefficients of soft default only (8.67 percentage points)

and the other soft-default treatments. The p-value of 0.775 suggests that the coefficients

are equal. This finding also suggests that the message’s timing did not differ significantly.

This result aligns with conclusions from other settings, as the meta-analysis conducted by
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Boksmati et al. (2016) indicated that the timing of SMS reminders does not significantly

influence their effectiveness in boosting appointment attendance.

Besides, there is evidence that messages that include soft-default options have different and

larger impacts than just an ownership reminder. Given that if the coefficient of the ownership

reminder is compared against the other coefficients, I find that the p-value (0.016) is less

than 0.05. Therefore, the lowest-performing intervention was the message that only applied

the Milkman et al. (2021) methodology. However, the effect is close to what they found

because their top-performing intervention led to a 4.6 percentage points boost in influenza

vaccination. In contrast, in this paper, I found that the single ownership reminder increases

the HPV vaccination by 4.62 percentage points.

5.2 Dynamics of effects

Figure (4) shows the dynamic of the effects of the message “A vaccine reserved for your

daughter.” Interestingly, the first week shows no effect, possibly because receiving a message

indicating that there is a vaccine available for their daughter is surprising or unexpected

for the parents. They may initially perceive the message as insignificant or unrelated to

their circumstances, leading to a lack of attention during the first week. However, figure

(4) indicates that the persistence of the messages leads to an increase in vaccination uptake,

with almost a percentage point effect observed in the second week compared to the control

group at a level significance of 10%. This trend continues to strengthen until the fourth week.

Additionally, there is a medium-term effect, as the impacts of the messages continue to be

present in the second week since the last SMS (at a 1% significance level) and extend to the

fourth week after the last SMS, but with a 10% level of significance.
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Figure 4: The dynamic effects of Ownership reminder by week

Notes: The X-axis represents the week in which the outcome was evaluated. The Y-axis illustrates the

treatment effect of the ownership reminder, calculated by combining the data from all periods, estimating

equation (1) with week dummies and one treatment dummy per period, and using pure control for comparison.

In the appendix, see the graph with the placebo control. The vertical bars signify 95% confidence intervals,

with robust standard errors. Dashed vertical lines indicate the start and end dates of the SMS campaign.

Figure 5: The dynamic effects of Soft-default by week

Notes: The X-axis represents the week in which the outcome was evaluated. The Y-axis illustrates the

treatment effect of the only soft-default options, calculated by combining the data from all periods, estimating

equation (1) with week dummies and one treatment dummy per period, and using pure control for comparison.

In the appendix, see the graph with the placebo control. The vertical bars signify 95% confidence intervals,

with robust standard errors. Dashed vertical lines indicate the start and end dates of the SMS campaign.

Figure (5) reveals the dynamics of treatment effects for the message that includes only
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soft-default options. This message differs from the previous treatment in two elements. First,

In the second week, the impact of the message is almost two percentage points. This impact

is plausible, as the treatment motivates the action by specifying a vaccination date and time.

The second element is that in the weeks following the SMS campaign, the effect seems less

pronounced than the ownership reminder. This low impact is likely because the message

scheduled an appointment. Therefore, If parents miss their daughters’ appointments, they

might feel they have missed their chance and are no longer motivated to act.

Figure 6: The dynamic effects of Soft-default+ Ownership reminder (2 SMS: 62 h+24 h
pre-appt) by week

Notes: The X-axis represents the week in which the outcome was evaluated. The Y-axis illustrates the

treatment effect of the message that combines soft-default options (62h prior the appointment) and ownership

reminders (24h prior the appointment), calculated by combining the data from all periods, estimating equation

(1) with week dummies and one treatment dummy per period, and using pure control for comparison. In the

appendix, see the graph with the placebo control. The vertical bars signify 95% confidence intervals, with

robust standard errors. Dashed vertical lines indicate the start and end dates of the SMS campaign.

Figures (6) and (7) present the effects of combining both messages. The dynamics of the

impacts are different between the two versions. For instance, the message on the version

reminding the parents 24 hours before the appointment impacted the first week at 10% of

significance. In contrast, the second version has a positive effect, but the coefficient is not

statistically significant. This difference may be because the first version allows parents to

plan appointments more effectively. After all, the first version reminds parents a day in
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advance, while the second version reminds them only two hours in advance.

Figure 7: The dynamic effects of Soft-default+Ownership reminder (2 SMS: 62 h+2 h pre-
appt) by week

Notes: The X-axis represents the week in which the outcome was evaluated. The Y-axis illustrates the

treatment effect of the message that combines soft-default options (62h prior the appointment) and ownership

reminders (2h prior the appointment), calculated by combining the data from all periods, estimating equation

(1) with week dummies and one treatment dummy per period, and using pure control for comparison. In the

appendix, see the graph with the placebo control. The vertical bars signify 95% confidence intervals, with

robust standard errors. Dashed vertical lines indicate the start and end dates of the SMS campaign.

In addition, the second version had a similar effect to the message with only soft-default options

during the first week since the reminder was received close to the appointment. However,

those parents who missed their assigned vaccination appointments and were informed that

the vaccine was reserved for their daughters may have felt guilty. Therefore, they wanted to

respond to this effort from HS by reciprocating by taking their daughters on vaccination the

following week. This behavior can be observed because, in week two, the treatment effect was

around 2.5 percentage points. The rest of the weeks have similar impacts between the two

versions. In fact, the second week post-SMS campaign has an effect in both versions.

5.3 Complete model and global effect

Table (3) presents the results for the full model. With this complete model, I am interested

in observing if sending a text message based on default options and one ownership reminder

24



has a greater positive impact on HPV vaccination take-up than the individual effects of

these treatments. The interaction between the ownership reminder and the default option

indicates whether this is factual. Nevertheless, it appears that there is no complementary

effect because the interaction between the soft default option and the remainder is negative

and significant at 5% if the pure control group is taken as the reference group. Therefore,

instead of contributing, it has a negative effect, so there is evidence that sending more

messages is not necessarily better. One possible explanation is that parents could see it as

repetitive or spammy. However, this negative result is not robust because it is not statistically

significant under specification (2), which changes the placebo control’s reference group. This

finding is crucial since it is unnecessary to send two messages to have a relevant impact.

Thus, the HS can only send the soft default option and obtain a comparable effect to the

treatments that send two messages.

Table 3: Complete model

HPV vaccine schedule adherence

Variables (1) (2) (3)

Ownership reminder 0.0462*** 0.0310** 0.0386***
(0.0139) (0.0143) (0.0125)

Soft default 0.0867*** 0.0723*** 0.0795***
(0.0147) (0.0150) (0.0133)

Ownership reminderXSoft default -0.0475** -0.0326 -0.0401**
(0.0200) (0.0202) (0.0190)

Observations 4,922 4,922 5,907
Controls Yes Yes Yes
Control type Pure control Placebo control All controls
Control mean 0.0863 0.0995 0.0929

Notes: The dependent variable is a dummy equal to 1 whether the girl is vaccinated with the second
dose of the HPV vaccine during the SMS campaign window (six weeks) or two months after the end of
the intervention. The variable “Ownership reminderXSoft default” captures whether there are positive
complementary effects. Each column compares the complementary effects with a different type of control.
Column (1) uses the pure control group, column (2) utilizes the placebo control group, and column (3)
incorporates a combined group of both control types. All columns include control variables such as the
parent’s EPS, the associated regime, the individual’s nationality, displacement status, the girl’s age, ethnicity,
and the variables employed for the stratification. Robust standard errors are in parentheses. ***, ** and *
indicate statistical significance at the 1%, 5% and 10% respectively.

Table (4) presents the global impact of the behavioral intervention by comparing the parents
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who received one of the four behavioral treatments to those in the different control groups.

This comparison aims to assess the campaign’s effectiveness without distinguishing between

treatments. In this analysis, the “Decision aids” variable is a categorical indicator, taking

one if the parent receives any behavioral intervention and zero otherwise. The results suggest

that the global effect of the treatments in boosting the vaccination rates against HPV is

7.6% percentage points compared to 8.63% of the vaccination rate in the control group. This

finding demonstrates the campaign’s success because it increased the HPV completion of the

vaccination schedule by 88.06%. This result is robust as it is maintained when the placebo

group is used as the comparison group.

Table 4: Global Effect of the SMS campaign on HPV vaccination schedule completion

HPV vaccine schedule adherence

Variables (1) (2) (3)

Decision aids 0.0760*** 0.0612*** 0.0686***
(0.0106) (0.0111) (0.0087)

Observations 4,922 4,922 5,907
Controls Yes Yes Yes
Control type Pure control Placebo control All controls
Control mean 0.0863 0.0995 0.0929

Notes: The dependent variable is a dummy equal to 1 whether the girl is vaccinated
with the second dose of the HPV vaccine during the SMS campaign window (six weeks)
or two months after the end of the intervention. Each column compares the effect of
the overall intervention (i.e., “Decision aids” pools all treatment arms.) with a different
type of control. Column (1) uses the pure control group, column (2) utilizes the placebo
control group, and column (3) incorporates a combined group of both control types. All
columns include control variables such as the parent’s EPS, the associated regime, the
individual’s nationality, displacement status, the girl’s age, ethnicity, and the variables
employed for the stratification. Robust standard errors are in parentheses. ***, ** and
* indicate statistical significance at the 1%, 5% and 10% respectively.

6 Heterogeneous effects and robustness checks

In this section, I present additional results regarding heterogeneous impacts and show if the

main results are robust to multiple comparisons.
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6.1 Heterogeneous effects

This section examines whether the decision aids have differential impacts by estimating the

equation (2). The results of the heterogeneous effects are presented in table (A3) of the

appendix for the overall intervention (i.e., pooling all the treatments in one variable named

“Decision aids”) using the pure control group as the comparison group. Since the stratification

was done at the location level and the girl’s age level, it was expected that there might be

heterogeneous effects in these two dimensions. Therefore, columns (2) and (3) present whether

there are heterogeneous effects in these aspects. I also focused on the heterogeneous effects

of whether the parent belongs to the subsidized regime or does not have health insurance

(column 4), if the person is a Colombian national (column 5), and lastly, if they are displaced

by the armed conflict (column 6). Regarding the individual heterogeneous effect of each

treatment, graphs from (A3) to (A7) show if the interactions between treatments and the

variables of interest are statistically significant.

As expected, table (A3) shows differential effects in the variables used for the block random-

ization. For instance, I found that the interaction between the intervention and the categorical

variable age is positive and significant. What is surprising is that the magnitude of the effect

is not small. The coefficient is 9.0 percentage points, suggesting that the treatment effect is

more than three times larger in the group of 9 and 10 years old girls than the girls between

11 and 17 years old. This result indicates that parents respond more to interventions when

their daughters are younger than when they are older. Similarly, I encountered heterogeneous

effects for each treatment in figure (A3). This impact is consistent with what was found by

Chao et al. (2015) because they found that the treatments work better in the population of

girls between 9 and 17 years of age than in the population of young women between 18 and

26 years of age.

Similarly, the interaction between the intervention and if the parent is in Bogotá is highly

significant and positive. Figure (A4) shows that the same applies to individual treatments,
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except for the ownership reminder. This impact can be possible because we are working with

data from the HE from Bogotá. Therefore, the quality of the information may not be the

best for people outside of Bogota. In any case, if this is the primary reason, the baseline

impact of the intervention or the lower bound in cities outside of Bogota is estimated at 3.3

percentage points. This finding could also result from the added time and monetary expenses

parents outside Bogota must incur to access health centers. Finally, there is no evidence of

heterogeneous effects regarding the other variables like subsidized or uninsured schemes, if

the person is a Colombian citizen, and whether the parent faced displacement from armed

conflict.

6.2 Multiple comparisons tests

Tables (A4), (A5) and (A6) of the appendix present the results of the Bonferroni correction

for the different control groups. Specifically, Table (A4) compares interventions and the pure

control group. Table (A5) contrasts interventions with the placebo control group. Table (A6)

examines treatments and all control groups.

The ownership reminder intervention demonstrated a robust, statistically significant positive

effect compared to the pure control group (Bonferroni-corrected p-value of 0.009). However,

this significance decreased when evaluated against the placebo control. Despite this, the

intervention indicated a positive impact compared to a combined group of all controls (pure

and placebo) with a Bonferroni-corrected p-value of 0.020, suggesting it influences HPV

vaccination uptake. A larger sample size would have been necessary to establish robustness

against the placebo control. In contrast, the soft-default and soft-default with ownership

reminder interventions (administered 24 or 2 hours before) consistently showed highly robust,

statistically significant positive effects across all control types, with Bonferroni-corrected

p-values of 0.000.
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7 Cost-effectiveness analysis

The following section presents a simple cost-effectiveness examination of the intervention.

The analysis aims to determine the economic viability and efficiency of implementing this

experiment by comparing its costs and benefits. The costs associated with implementing

the interventions are mainly the text message sent. Each text message costs 8 COP (0.0017

USD). In this experiment, a cumulative total of 41,340 text messages were sent. This results

in an overall cost of 330,720 COP (73.49 USD). Furthermore, the labor expense associated

with programming and delivering the messages over six weeks, which consists of 10 work

hours, should be considered. At a rate of 40,000 COP per hour, this adds 400,000 COP (88.88

USD) to the total cost of the experiment. Therefore, the total cost of the intervention is over

730,720 COP (162.38 USD). Regarding the benefits of the SMS campaign, The overall effect

of the treatments is an increase of 7.6 percentage points compared to the control group’s

vaccination rate of 8.63%. Hence, out of the 3,937 parents with daughters in our treatment

groups, the interventions led to the completion of the vaccination schedule of 296 girls, the

other 340 girls would have been vaccinated anyway, as the control group suggests.

From these girls not all of them would suffer from cervical cancer if the second dose had

not been applied. To determine the potential impact of the second dose on cervical cancer

incidence, I set out to calculate a straightforward probability. First, In Colombia, there were

4,742 new cases of cervical cancer in 2020 out of 25,898,320 females (Globocan, 2021). Thus,

for simplicity, it is plausible to assume that the global probability of getting the disease in

one year is 4,742/25,898,320. However, this probability takes into account both unvaccinated

and vaccinated girls. Therefore to obtain the probabilities for each group, I estimated the

following equation:

P0(1−X − Y ) + P0PxX + P0PyY =
4742

25898320
(4)
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In equation (4), P0 denotes the probability of cervical cancer among unvaccinated women,

while X and Y denote the proportion of women receiving one and two doses of the vaccine,

respectively. Px signifies the complement of the reduction in cervical cancer probability

for women administered one dose of the vaccine. Py indicates the complement of reducing

cervical cancer probability for women who have received two vaccine doses.

Regarding X and Y , the information is available from (Ministerio de Salud y Protección

Social de Colombia, 2020). The national coverage for the first doses in 2019 was 34.1%, while

it was 11.1% for the second doses. Regarding Px and Py, completing the HPV vaccination

schedule provides protection ranging from 70% to 90% against cervical cancer (Joura et

al., 2014; Serrano et al., 2012; De Sanjose et al., 2010). Similarly, Kavanagh et al. (2014)

demonstrated that two doses are more effective than a single dose in preventing HPV infection.

In particular, they reported that two doses could offer 27% p.p. greater prevention against

infection compared to a single dose. In terms of preventing high-grade histological lesions,

another study found that two doses demonstrated statistically significant effects, whereas one

dose did not (Crowe et al., 2014).

For simplicity, I will assume that the reduced probability of contracting cervical cancer is

80% for girls with complete vaccination schemes and 45% for those with incomplete schemes.

Consequently, Px equals 0.55 and Py equals 0.2. Then, the probability of unvaccinated women

contracting cervical cancer is 0.000239, while it is 0.000131 for those with one dose and

0.000047 for those with two doses. Thus, among the 296 girls who completed the HPV

vaccination schedule, 0.038 would have developed cervical cancer if they had not received

the second vaccine. Now, this number is reduced to 0.013, yielding a difference of 0.025 girls

saved from cervical cancer.

The costs associated with cervical cancer can be significant. In 2004, Tapiero Garćıa et al.

(2008) estimated that the combined direct and indirect costs for a case of cervical cancer

amounted to 78,391,031 COP per woman. However, adjusting this number to a current value
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due to inflation for 2022, these costs would be 176,453,324 COP per woman ( 39,211.85 USD).

Consequently, the benefits of this intervention can be calculated as 176,453,324 * 0.025, which

equals 4,411,333.1 COP ( 980.3 USD). Dividing this amount by the total expenditure on

the intervention yields a cost-effectiveness ratio of 6.03 COP (i.e., 6.03 COP per 1 COP

spent). As a result, the intervention is cost-effective, and the cost-effectiveness ratio could be

higher as the treated population expands because the labor cost remains relatively constant,

irrespective of the sample size. Hence, as more parents receive the intervention, the cost per

parent would decrease, leading to a higher cost-effectiveness ratio.

8 Conclusion

In this paper, I present the lessons from a field experiment that employs text messages using

decision aids to encourage parents from Colombia to vaccinate their daughters with the second

dose of the HPV vaccine. The results suggest that the SMS campaign is a cost-effective

strategy to increase vaccination rates against HPV in a large-scale implementation. In

particular, the effects are outstanding since the impacts of the individual messages go from

53% to 105% in the vaccination rates compared to the pure control group. Additionally,

the dynamics of the effects indicate that being persistent works, at least in the short term.

Similarly, it is interesting to note that sending more messages is not necessarily better, as

sending a single soft-default message has a comparable effect to its peers that also have

an ownership reminder. Thus, the HS can save funds by only sending one message and

obtaining similar results. At the same time, it increases the cost-effectiveness ratio of the

intervention.

Moreover, there are some heterogeneous effects regarding age and people inside Bogotá. One

possible line of research would be to discover effective ways to incentivize the older population

of girls. In the same way, we could expand the data set to see if there are indeed heterogeneous

effects from being in Bogota or if it is simply because the information is not fully available. It
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is also necessary to expand the set of covariates to see if there are more heterogeneous effects.

An additional line for exploration may also analyze the spillover effects of these messages on

the uptake of other vaccines within the experimental sample. Similarly, there are also areas

for improvement and further research. One possibility is to explore additional behavioral

interventions that leverage parental altruism toward their daughters. Furthermore, exploring

the potential benefits of employing different strategies, like applications, websites, or online

marketing, could be beneficial. Finally, studying the long-term effects of these messages on

vaccination rates can provide valuable insights for future policy implementation.

From a policy perspective, this study improves an existing strategy employed by the HS by

incorporating behavioral insights. These messages could be a practical strategy for developing

countries to motivate vaccination since they are easy to implement and low-cost. Hence, this

strategy can improve vaccination coverage and overall public health outcomes. However, more

research is needed to determine the best practices for text message campaigns to promote

vaccination.
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Appendix

Figures

Figure A1: SMS Content for each treatment

Ownership re-
minder (1SMS) Hello Lucila. There is an HPV vaccine re-

served for your daughter. Secretary of Health.

Soft-default (1 SMS) Hello Fransheska. You have an appointment on May 21 at 10
a.m. to vaccinate your daughter against HPV. Secretary of Health.

Soft-default +
Ownership reminder
(2 SMS option 1)

Message 1 (62 hours prior to the appointment):
Hello Maria. You have an appointment on May 21 at 10 a.m.
to vaccinate your daughter against HPV. Secretary of Health.

Message 2 (24 hours prior to the appointment):
Hello Maria. Remember that there is an HPV vac-
cine reserved for your daughter. Secretary of Health.

Soft-default +
Ownership reminder
(2 SMS option 2)

Message 1 (62 hours prior to the appointment):
Hello Raquel. You have an appointment on May 21 at 10 a.m.
to vaccinate your daughter against HPV. Secretary of Health.

Message 2 (2 hours prior to the appointment):
Hello Raquel. Remember that there is an HPV vac-
cine reserved for your daughter. Secretary of Health.

Notes: The figure presents the text messages sent for each treatment. Each message has the name of the

mother and the information of the sender. The first two treatments only send one message, while the other

two send two messages.

Figure A2: SMS Content for placebo control

Placebo control Hello Fransheska. Take care of your mental health. Exercise,
meditate, eat well and get adequate sleep. Secretary of Health.

Notes: The figure shows the message used as a placebo control. It has nothing to do with HPV vaccination,

but it is a message that the Health Secretariat could send for the welfare of the people.
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Figure A3: Heterogeneous treatment effects for variable Age (1 if 9-10 years old, 0 otherwise)

Notes: The X-axis represents the heterogeneous effect of the individual treatments and the variable Age (1 if

9-10 years old, 0 otherwise), calculated by estimating equation (2), and using pure control for comparison.

The horizontal bars signify 95% confidence intervals, with robust standard errors.

Figure A4: Heterogeneous treatment effects for variable Inside of Bogota

Notes: The X-axis represents the heterogeneous effect of the individual treatments and the variable Inside of

Bogota, calculated by estimating equation (2), and using pure control for comparison. The horizontal bars

signify 95% confidence intervals, with robust standard errors.
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Figure A5: Heterogeneous treatment effects for variable Subsidized or uninsured scheme

Notes: The X-axis represents the heterogeneous effect of the individual treatments and the variable Subsidized

or uninsured scheme, calculated by estimating equation (2), and using pure control for comparison. The

horizontal bars signify 95% confidence intervals, with robust standard errors.

Figure A6: Heterogeneous treatment effects for variable Displaced by the armed conflict

Notes: The X-axis represents the heterogeneous effect of the individual treatments and the variable Displaced

by the armed conflict, calculated by estimating equation (2), and using pure control for comparison. The

horizontal bars signify 95% confidence intervals, with robust standard errors.
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Figure A7: Heterogeneous treatment effects for variable Colombian nationality

Notes: The X-axis represents the heterogeneous effect of the individual treatments and the variable Colombian

nationality, calculated by estimating equation (2), and using pure control for comparison. The horizontal

bars signify 95% confidence intervals, with robust standard errors.
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Figure A8: The dynamic effects by week using the placebo control

(a) Ownership reminder (b) Soft-default only

(c) Soft-default+Ownership reminder(62 h+24 h pre-appt) (d) Soft-default+Ownership reminder(62 h+2 h pre-appt)

Notes: The X-axis represents the week in which the outcome was evaluated. The Y-axis illustrates the treatment effects, calculated by combining the

data from all periods, estimating equation (1) with week dummies and one treatment dummy per period, and using the placebo control for comparison.

The vertical bars signify 95% confidence intervals, with robust standard errors. Dashed vertical lines indicate the start and end dates of the campaign.
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Figure A9: Kaplan-Meier curves illustrating the proportion of girls who received the second dose -Pure control

(a) Ownership reminder (b) Soft-default only

(c) Soft-default+Ownership reminder(62 h+24 h pre-appt) (d) Soft-default+Ownership reminder(62 h+2 h pre-appt)

Notes: Kaplan-Meier curves illustrate the percentage of girls in the pure control group (red curve) and the treatments (blue curve) who received the

second dose of the HPV vaccine by a specific day. Dashed vertical lines indicate the beginning and end dates of the SMS campaign, while the solid

horizontal line indicates that 8.62% of girls in the pure control group had obtained the second dose by the conclusion of the analysis period.
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Figure A10: Kaplan-Meier curves illustrating the proportion of girls who received the second dose -Placebo control

(a) Ownership reminder (b) Soft-default only

(c) Soft-default+Ownership reminder(62 h+24 h pre-appt) (d) Soft-default+Ownership reminder(62 h+2 h pre-appt)

Notes: Kaplan-Meier curves illustrate the percentage of girls in the placebo control group (red curve) and the treatments (blue curve) who received the

second dose of the HPV vaccine by a specific day. Dashed vertical lines indicate the beginning and end dates of the SMS campaign, while the solid

horizontal line indicates that 9.85% of girls in the placebo control group had obtained the second dose by the conclusion of the analysis period.
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Tables

Table A1: Randomization Balance Analysis

(1) (2) (3) (4) (5) (6) T-test
Pure Control Placebo Control Ownership Reminder Soft-default (3)+(4) (24 h pre-appt) (3)+(4) (2 h pre-appt) Difference

Variable Mean/SE Mean/SE Mean/SE Mean/SE Mean/SE Mean/SE (1)-(2) (1)-(3) (1)-(4) (1)-(5) (1)-(6)

EPS Sanitas 0.144
(0.011)

0.131
(0.011)

0.145
(0.011)

0.152
(0.011)

0.153
(0.011)

0.158
(0.012)

0.013 -0.001 -0.008 -0.009 -0.013

EPS Salud Total 0.092
(0.009)

0.105
(0.010)

0.100
(0.010)

0.098
(0.009)

0.108
(0.010)

0.104
(0.010)

-0.012 -0.007 -0.006 -0.015 -0.011

EPS Famisanar 0.216
(0.013)

0.202
(0.013)

0.215
(0.013)

0.194
(0.013)

0.203
(0.013)

0.193
(0.013)

0.014 0.002 0.023 0.013 0.023

EPS Compensar 0.180
(0.012)

0.183
(0.012)

0.195
(0.013)

0.185
(0.012)

0.172
(0.012)

0.188
(0.012)

-0.003 -0.016 -0.005 0.008 -0.008

EPS Capital Salud 0.095
(0.009)

0.101
(0.010)

0.083
(0.009)

0.102
(0.010)

0.102
(0.010)

0.095
(0.009)

-0.005 0.012 -0.007 -0.006 0.001

Other EPS 0.272
(0.014)

0.279
(0.014)

0.261
(0.014)

0.269
(0.014)

0.262
(0.014)

0.263
(0.014)

-0.007 0.011 0.003 0.010 0.009

Contributory Scheme 0.827
(0.012)

0.801
(0.013)

0.815
(0.012)

0.810
(0.012)

0.814
(0.012)

0.812
(0.012)

0.026 0.013 0.017 0.013 0.015

Uninsured 0.012
(0.003)

0.012
(0.003)

0.015
(0.004)

0.015
(0.004)

0.011
(0.003)

0.012
(0.004)

0.000 -0.003 -0.003 0.001 -0.000

Subsidized Scheme 0.112
(0.010)

0.131
(0.011)

0.115
(0.010)

0.129
(0.011)

0.126
(0.011)

0.125
(0.011)

-0.019 -0.003 -0.017 -0.014 -0.013

Other scheme 0.049
(0.007)

0.056
(0.007)

0.055
(0.007)

0.046
(0.007)

0.049
(0.007)

0.051
(0.007)

-0.007 -0.006 0.003 -0.000 -0.002

Belongs to some ethnic group 0.002
(0.001)

0.005
(0.002)

0.006
(0.002)

0.007
(0.003)

0.003
(0.002)

0.007
(0.003)

-0.003 -0.004 -0.005* -0.001 -0.005*

Displaced by the armed conflict 0.012
(0.003)

0.010
(0.003)

0.015
(0.004)

0.010
(0.003)

0.008
(0.003)

0.018
(0.004)

0.002 -0.003 0.002 0.004 -0.006

Colombian nationality 0.969
(0.006)

0.959
(0.006)

0.957
(0.006)

0.963
(0.006)

0.966
(0.006)

0.961
(0.006)

0.009 0.011 0.005 0.002 0.007

Girl’s age in years 11.237
(0.064)

11.278
(0.065)

11.243
(0.063)

11.217
(0.063)

11.275
(0.065)

11.264
(0.065)

-0.042 -0.007 0.020 -0.039 -0.028

N 985 985 983 986 984 984

Notes: The table presents the randomization balance analysis of the experiment. For each type of control or treatment, means and standard errors are reported for each pre-treatment variable. Column 5 is the combination of
soft-default options (62h prior to the appointment) and ownership reminders (24h prior to the appointment), while column 6 is the version that uses the ownership reminder 2 hours before the appointment. The values displayed for
t-tests are the differences in the means across the groups versus the pure control group.***, **, and * indicate significance at the 1, 5, and 10 percent critical levels.
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Table A2: Effect of the SMS campaign on HPV vaccination schedule completion-without controls

HPV vaccine schedule adherence

Variables (1) (2) (3)

Ownership reminder 0.0460*** 0.0328** 0.0394***
(0.0140) (0.0144) (0.0126)

Soft-default 0.0861*** 0.0729*** 0.0795***
(0.0150) (0.0154) (0.0137)

Soft-default+Ownership reminder (2 SMS: 62 h+24 h pre-appt) 0.0783*** 0.0651*** 0.0717***
(0.0148) (0.0152) (0.0135)

Soft-default+Ownership reminder (2 SMS: 62 h+2 h pre-appt) 0.0905*** 0.0773*** 0.0839***
(0.0151) (0.0155) (0.0138)

Observations 4,922 4,922 5,907
Controls No No No
Control type Pure control Placebo control All controls
Control mean 0.0863 0.0995 0.0929
P-value, Ownership reminder only=other treatments 0.021 0.021 0.021
P-value, Soft-default only=other soft-default treatments 0.766 0.766 0.766

Notes: The dependent variable is a dummy equal to 1 whether the girl is vaccinated with the second dose of the HPV vaccine during the
SMS campaign window (six weeks) or two months after the end of the intervention. Each column compares the effects of interventions
against a different type of control. Column (1) uses the pure control group, column (2) utilizes the placebo control group, and column
(3) incorporates a combined group of both control types. Specifications do not include controls. P-value, Ownership reminder only=other
treatments tests whether the ownership reminder’s effect equals the other treatments’ effects on the given outcome. P-value, Soft-default
only=other soft-default treatments assesses whether Soft-default only and other soft-default treatments have equal impacts on the dependent
variable. Robust standard errors are in parentheses. ***, ** and * indicate statistical significance at the 1%, 5% and 10% respectively.
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Table A3: Heterogeneous treatment effects

Variables (1) (2) (3) (4) (5) (6)

Decision aids 0.076*** 0.035*** 0.033*** 0.073*** 0.084** 0.075***
(0.012) (0.013) (0.012) (0.012) (0.041) (0.011)

Decision aidsXAge (1 if 9-10 years old, 0 otherwise) 0.090***
(0.021)

Decision aidsXInside of Bogota 0.068***
(0.019)

Decision aidsXSubsidized or uninsured scheme 0.027
(0.028)

Decision aidsXColombian nationality -0.008
(0.043)

Decision aidsXDisplaced by the armed conflict 0.105*
(0.056)

Observations 4,922 4,922 4,922 4,922 4,922 4,922
Controls Yes Yes Yes Yes Yes Yes
Control type Pure control Pure control Pure control Pure control Pure control Pure control
Control mean 0.0863 0.0863 0.0863 0.0863 0.0863 0.0863

Notes: The dependent variable is a dummy equal to 1 whether the girl is vaccinated with the second dose of the HPV vaccine during the SMS campaign
window (six weeks) or two months after the end of the intervention. The interaction between the overall intervention (i.e., “Decision aids” pools all
treatment arms.) and the variables represents the heterogeneous effects of the intervention, calculated by estimating equation (2), and using pure control
for comparison. Robust standard errors are in parentheses. ***, ** and * indicate statistical significance at the 1%, 5% and 10% respectively.
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Table A4: Treatment Effects vs Pure Control Group-Bonferroni correction

Comparison Contrast Std. err. T-test (Bonferroni) P> |t| (Bonferroni)

Ownership reminder vs Pure control 0.046 0.014 3.32 0.009
Soft-default vs Pure control 0.087 0.015 5.91 0.000
Soft-default+Ownership reminder(24h) vs Pure control 0.08 0.015 5.45 0.000
Soft-default+Ownership reminder(2h) vs Pure control 0.091 0.015 6.14 0.000

Notes: After estimating the equation (1), the individual treatment effects and the pure control group are compared using the
Bonferroni correction. The values in the table indicate the contrast between the treatments and control group, the standard error
of the contrast, the T-test with Bonferroni correction, and the p-value with Bonferroni correction.

Table A5: Treatment Effects vs Placebo Control Group-Bonferroni correction

Comparison Contrast Std. err. T-test (Bonferroni) P> |t| (Bonferroni)

Ownership reminder vs Placebo control 0.031 0.014 2.17 0.304
Soft-default vs Placebo control 0.072 0.015 4.82 0.000
Soft-default+Ownership reminder(24h) vs Placebo control 0.065 0.015 4.36 0.000
Soft-default+Ownership reminder(2h) vs Placebo control 0.076 0.015 5.03 0.000

Notes: After estimating the equation (1), the individual treatment effects and the placebo control group are compared using the
Bonferroni correction. The values in the table indicate the contrast between the treatments and control group, the standard error of
the contrast, the T-test with Bonferroni correction, and the p-value with Bonferroni correction.

Table A6: Treatment Effects vs All Control Groups-Bonferroni correction

Comparison Contrast Std. err. T-test (Bonferroni) P> |t| (Bonferroni)

Ownership reminder vs All controls 0.039 0.013 3.08 0.020
Soft-default vs All controls 0.08 0.013 5.97 0.000
Soft-default+Ownership reminder(24h) vs All controls 0.072 0.013 5.46 0.000
Soft-default+Ownership reminder(2h) vs All controls 0.084 0.014 6.2 0.000

Notes: After estimating the equation (1), the individual treatment effects and all control groups are compared using the Bonferroni
correction. The values in the table indicate the contrast between the treatments and control group, the standard error of the
contrast, the T-test with Bonferroni correction, and the p-value with Bonferroni correction.
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