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A Conceptual framework: full derivation and proofs
This appendix derives the framework summarized in Section 2. We model how ownership

reminders and time-specific planning prompts affect the decision to complete the HPV

vaccination schedule, identify the channels each message may activate, and establish the

assumptions needed to interpret the experimental comparisons.

A.1 Decision problem

A parent decides whether to complete her daughter’s HPV vaccination schedule. Let xi ∈

{0, 1} denote the completion decision, where xi = 1 if the daughter receives the second dose

and xi = 0 otherwise. The net value of completion before accounting for reference-dependent

utility or message effects is

θi = Bi − Ci, (A.1)

where Bi is the parent’s perceived value of completing the HPV schedule and Ci is the full

cost of vaccination. It includes transportation, time, and hassle costs, uncertainty about

when to go, and the cognitive cost of translating an intention into action.

Let t ∈ T denote the experimental condition, where

T = {C, P, O, D, OD}.

Here, C denotes the pure control condition, P the placebo message, O the ownership reminder,

D the time-specific planning prompt, and OD a combined treatment.

Treatments may affect completion through salience, reference points, and implementation

costs. Let si(t) capture the salience effect of receiving a message from the health authority,

including institutional contact, personalization, and attention to vaccination. We allow

salience to vary across message conditions; equality across arms is an additional assumption

used below.1

1Karlan et al. (2016) model how reminders can mitigate undersaving by directing attention to future
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Ownership language may strengthen an entitlement reference point, e(t), which captures

the extent to which the parent perceives the dose as assigned to her daughter.2 A planning

prompt may strengthen a plan reference point, p(t), by making a specific day and time the

expected moment for action.3

A planning prompt may also reduce the cost of deciding when and how to act. An

inconvenient suggested time may instead create mismatch costs if it disrupts an alternative

plan.4 We write this net implementation effect as ωia(t), where a(t) = 1 for treatments with

a suggested day and time and a(t) = 0 otherwise. The parameter ωi can be positive, zero, or

negative.

Let κi(t) ≥ 0 denote a message-burden cost that lowers the payoff from completion

through confusion, fatigue, or complexity from combining messages. We set this cost to zero

outside the combined treatments as a simplifying restriction.5

The parent has reference-dependent preferences over the entitlement and plan dimensions.

The binary outcome records completion rather than adherence to the suggested time, so we

abstract from deviations from that time. Let Li(e, p) denote the loss from failing to act when

expenses. We draw on this attention channel and represent it through an additive term, separately from
reference-dependent utility and implementation costs.

2The endowment-effect and psychological-ownership literatures motivate the role of perceived possession in
valuation (Thaler, 1980; Kahneman et al., 1990; Pierce et al., 2001). Vaccination experiments provide evidence
that reservation messages can increase uptake (Milkman et al., 2021; Dai et al., 2021). Our interpretation
requires the parent to adopt the perceived allocation as a benchmark; it does not require physical possession
of the dose.

3Koch and Nafziger (2011) model self-chosen goals as reference points that make shortfalls psychologically
costly. We apply this logic to a suggested vaccination time if the parent adopts it as a benchmark. The
implementation-intentions literature examines how concrete plans help translate intentions into behavior
(Gollwitzer, 1999; Gollwitzer and Sheeran, 2006), including vaccination (Milkman et al., 2011).

4Reis (2006) models the resource costs of forming and updating plans. A suggested vaccination time may
save some of this effort. Because parents remain free to attend at another time, mismatch costs require a
response that disrupts existing arrangements; an inconvenient suggestion that is simply ignored need not
raise costs.

5This term affects the relative payoff from completion. A nuisance from receiving an SMS that affects
completion and noncompletion equally would cancel from the utility comparison and leave the action threshold
unchanged.
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the entitlement and plan reference points are e and p. We assume

Li(0, 0) = 0, Li,e(e, p) ≥ 0, Li,p(e, p) ≥ 0. (A.2)

The parameter λi > 0 captures the weight placed on reference-dependent losses.6

The utility from choosing xi under treatment t is

Ui(xi; t) = xi [θi + si(t) + ωia(t) − κi(t)] − (1 − xi)λiLi(e(t), p(t)). (A.3)

Completion yields the net vaccination payoff, adjusted by salience, implementation effects,

and message burden. Noncompletion avoids the action cost but entails a reference-dependent

loss when entitlement or plan reference points are present.

The parent completes the schedule if Ui(1; t) ≥ Ui(0; t). Using (A.3), this condition is

equivalent to

θi + si(t) + ωia(t) − κi(t) + λiLi(e(t), p(t)) ≥ 0. (A.4)

Define the behavioral shift generated by treatment t as

Γi(t) = si(t) + ωia(t) − κi(t) + λiLi(e(t), p(t)). (A.5)

The completion rule can then be written as

xi(t) = 1 if and only if θi + Γi(t) ≥ 0. (A.6)

6The loss term draws on prospect theory and subsequent models of reference-dependent preferences
(Kahneman and Tversky, 1979; Tversky and Kahneman, 1991; Kőszegi and Rabin, 2006). The normalization
assigns no reference loss to noncompletion when both reference points are zero; the nonnegative partial
derivatives imply that strengthening either reference cannot reduce that loss. We specify reference points
as functions of the assigned message, without imposing consistency between expectations and choices as in
Kőszegi and Rabin (2006).
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A.2 Treatment mapping

The experimental arms can be mapped into the model as follows:

C : si(C) = 0, a(C) = 0, κi(C) = 0, e(C) = e0, p(C) = p0,

P : si(P ) > 0, a(P ) = 0, κi(P ) = 0, e(P ) = e0, p(P ) = p0,

O : si(O) > 0, a(O) = 0, κi(O) = 0, e(O) = e0 + δE, p(O) = p0,

D : si(D) > 0, a(D) = 1, κi(D) = 0, e(D) = e0, p(D) = p0 + δP ,

OD : si(OD) > 0, a(OD) = 1, κi(OD) ≥ 0, e(OD) = e0 + δE, p(OD) = p0 + δP .

(A.7)

The placebo message captures the common features of personalized contact with the Health

Secretariat while leaving HPV-specific reference points unchanged. Ownership language raises

perceived entitlement by δE ≥ 0, while the planning prompt strengthens the plan reference

point by δP ≥ 0 and affects implementation costs through ωi. The combined treatment shifts

both reference points and may impose an additional burden, κi(OD).

The loss function allows entitlement and plan reference points to be complements, substi-

tutes, or additively separable. The effect of combining messages therefore depends in part on

whether their reference-point channels reinforce each other or overlap.

A.3 Propositions and proofs

Proposition A1. Threshold rule and marginal parents. A parent completes the

vaccination schedule under treatment t if and only if

θi ≥ −Γi(t), (A.8)

where Γi(t) is defined in (A.5). For any comparison of two conditions, completion changes

only for parents whose θi lies between the corresponding action thresholds.

Proof. From (A.3),

Ui(1; t) = θi + si(t) + ωia(t) − κi(t)
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and

Ui(0; t) = −λiLi(e(t), p(t)).

The parent completes the schedule if Ui(1; t) ≥ Ui(0; t), which is equivalent to

θi + si(t) + ωia(t) − κi(t) + λiLi(e(t), p(t)) ≥ 0.

Using the definition of Γi(t), this becomes

θi + Γi(t) ≥ 0,

or, equivalently,

θi ≥ −Γi(t).

Parents above both thresholds complete under either condition, while those below both

thresholds complete under neither. Treatment effects therefore arise among parents whose

net valuation lies between the two thresholds. □

Proposition A2. Ownership reminders increase completion if they create enti-

tlement. Suppose the ownership reminder increases the entitlement reference point, so

that e(O) > e(P ), while leaving the plan reference point and the planning component un-

changed. Assume also that generic salience is the same in the placebo and ownership arms,

si(O) = si(P ). If Li,e(e, p) > 0, then the ownership reminder weakly increases the behavioral

incentive to complete the schedule relative to the placebo message. The effect on completion

is strictly positive if a positive mass of parents satisfies

−Γi(O) ≤ θi < −Γi(P ). (A.9)

Proof. Using (A.5), the difference in behavioral shifts between the ownership reminder
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and the placebo message is

Γi(O) − Γi(P ) = λi [Li(e0 + δE, p0) − Li(e0, p0)] ,

where we use si(O) = si(P ), a(O) = a(P ) = 0, and κi(O) = κi(P ) = 0. Since δE ≥ 0, λi > 0,

and Li,e(e, p) ≥ 0, this difference is weakly positive. If Li,e(e, p) > 0 over the relevant range

and δE > 0, it is strictly positive.

By Proposition A1, the ownership reminder lowers the action threshold from −Γi(P ) to

−Γi(O). Since Γi(O) ≥ Γi(P ), we have −Γi(O) ≤ −Γi(P ). Parents with

−Γi(O) ≤ θi < −Γi(P )

complete under the ownership reminder but not under the placebo message. If there is

positive mass of such parents, the treatment effect is strictly positive. □

Proposition A3. Planning prompts increase completion if planning benefits and

plan-reference effects dominate mismatch costs. Suppose the time-specific planning

prompt creates a plan reference point, so that p(D) > p(P ), and affects implementation costs

through ωi. Assume also that generic salience is the same in the placebo and planning-prompt

arms, si(D) = si(P ). Relative to the placebo message, the planning prompt weakly increases

the behavioral incentive to complete the schedule if

ωi + λi [Li(e0, p0 + δP ) − Li(e0, p0)] ≥ 0. (A.10)

If this condition holds for all parents, completion weakly increases in the population. The

increase is strict if a positive mass of parents crosses the completion threshold.

Proof. Using (A.5), the difference in behavioral shifts between the planning prompt and
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the placebo message is

Γi(D) − Γi(P ) = ωi + λi [Li(e0, p0 + δP ) − Li(e0, p0)] ,

where we use si(D) = si(P ), a(D) = 1, a(P ) = 0, and κi(D) = κi(P ) = 0. The first term, ωi,

captures the net implementation effect of the suggested day and time: planning benefits net

of mismatch costs. The second term captures the reference-dependent loss from failing to

follow the plan reference point.

If this expression is weakly positive, then Γi(D) ≥ Γi(P ), so the planning prompt weakly

lowers the action threshold. If the inequality is strict for a positive mass of parents satisfying

−Γi(D) ≤ θi < −Γi(P ),

then those parents complete under the planning prompt but not under the placebo message.

When the incentive shift is nonnegative for all parents, these switches imply a strictly positive

aggregate effect. □

Proposition A4. The ranking of ownership reminders and planning prompts

is theoretically ambiguous. Under equal salience across the placebo, ownership, and

planning arms, the content-specific behavioral shifts relative to placebo are

∆O
i = λi [Li(e0 + δE, p0) − Li(e0, p0)] , (A.11)

and

∆D
i = ωi + λi [Li(e0, p0 + δP ) − Li(e0, p0)] . (A.12)

The model does not determine whether ∆O
i > ∆D

i or ∆D
i > ∆O

i . Accordingly, the treatment

effect of the ownership reminder can be larger than, smaller than, or similar to the treatment

effect of the planning prompt.
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Proof. The ownership reminder affects completion through the entitlement reference point,

while the planning prompt affects completion through both the plan reference point and

the net implementation term ωi. The model imposes no restriction linking δE, δP , λi, the

marginal effects of Li(e, p), and ωi. Therefore, there are admissible parameter values under

which

∆O
i > ∆D

i

and admissible parameter values under which

∆D
i > ∆O

i .

For example, if entitlement losses are large and planning benefits are small or mismatch costs

are large, then ∆O
i > ∆D

i . Conversely, if planning benefits and plan-reference losses are large

relative to entitlement losses, then ∆D
i > ∆O

i . Hence the ranking is theoretically ambiguous.

□

Proposition A5. Reference-point interactions and message burden determine

whether the combined incentive shift is additive. Under equal salience across message

arms, the content-specific behavioral shift of the combined treatment relative to placebo is

∆OD
i = ωi − κi(OD) + λi [Li(e0 + δE, p0 + δP ) − Li(e0, p0)] . (A.13)

Define the interaction between the entitlement and plan reference points as

Ii = Li(e0 + δE, p0 + δP ) − Li(e0 + δE, p0)

− Li(e0, p0 + δP ) + Li(e0, p0).
(A.14)

For the specified reference-point shifts, Ii > 0 indicates complementarity, Ii = 0 additivity,

and Ii < 0 substitution or overlap. Relative to the sum of the individual content-specific
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shifts,

∆OD
i − (∆O

i + ∆D
i ) = λiIi − κi(OD). (A.15)

Proof. Using the definition of Γi(t), and assuming equal generic salience across message

arms, the combined treatment has the content-specific shift

∆OD
i = ωi − κi(OD) + λi [Li(e0 + δE, p0 + δP ) − Li(e0, p0)] .

The sum of the individual content-specific shifts is

∆O
i + ∆D

i = ωi + λi [Li(e0 + δE, p0) − Li(e0, p0)] + λi [Li(e0, p0 + δP ) − Li(e0, p0)] .

Subtracting this expression from ∆OD
i gives

∆OD
i − (∆O

i + ∆D
i ) = −κi(OD) + λi

[
Li(e0 + δE, p0 + δP ) − Li(e0 + δE, p0)

− Li(e0, p0 + δP ) + Li(e0, p0)
]

= λiIi − κi(OD).

The interaction term measures how the loss from shifting both reference points differs from

the sum of the losses induced by shifting each separately. The combined incentive shift is

smaller than the sum of the separate shifts when reference points overlap or message burden

outweighs their complementarity. □

Proposition A6. Dynamic effects depend on the persistence of salience and

reference points. Suppose the salience, entitlement, and plan-reference effects evolve after

a message according to:

sit(k) = δk
s si(t), et(k) = e0 + δk

e [e(t) − e0] , pt(k) = p0 + δk
p [p(t) − p0] , (A.16)
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where k is time since the message and 0 < δs, δe, δp ≤ 1. Holding implementation effects and

message burden fixed, the incentive shift is weakly decreasing in time since the message.

Proof. At time k, the behavioral shift is

Γi(t, k) = sit(k) + ωia(t) − κi(t) + λiLi(et(k), pt(k)).

For decay parameters below one, salience and the message-induced reference-point increments

decline with k; a parameter equal to one implies persistence of that component. Since Li(e, p)

is weakly increasing in both arguments, the reference-dependent component cannot rise as

the reference points return toward their baseline levels. Holding the remaining terms fixed,

the incentive shift is therefore largest when the message is received. This result concerns

the incentive to act at a given time; cumulative completion gaps need not decline because

vaccinations already completed remain recorded.

A response concentrated near the suggested vaccination date requires an additional timing

channel. For example, the plan reference point may become strongest around that date, rather

than decay from the moment the message arrives. Such concentration would be consistent

with a plan-based response, although timing alone cannot distinguish it from salience or

implementation effects. □

A.4 Link to the empirical design

Let Yi denote second-dose completion. We relate the treatment comparisons to the estimating

equation

Yi = α + βP Pi + βOOi + βDDi + βODODi + X ′
iγ + εi, (A.17)

where the omitted category is the pure control group and Xi denotes pre-treatment covariates.

In this specification, βP captures the effect of the implemented mental health message relative

to no message. Comparing each active treatment with this placebo yields:

τO = βO − βP , τD = βD − βP , τOD = βOD − βP . (A.18)
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Under equal salience and the treatment mapping, τO captures the completion response to

the entitlement shift; τD captures the joint response to the plan reference and implementation

effects; and τOD captures their combination net of message burden. These interpretations

depend on the maintained assumptions. The small, statistically insignificant placebo estimate

indicates no detectable effect of the mental health message, but does not establish equal

salience across arms or rule out a reminder effect from HPV-specific content.

The equality τO = τD tests whether the implemented ownership and planning messages

have the same average effect on completion. The model imposes neither equality nor a

ranking. The comparison does not separately identify the contribution of each friction,

since the messages may differ in how strongly they activate their intended channels or draw

attention to vaccination.

The combined treatment allows us to test whether effects on completion relative to placebo

are additive:

τOD = τO + τD. (A.19)

This equality is not implied by additive reference points and zero message-burden costs.

Under equal salience, these conditions imply ∆OD
i = ∆O

i + ∆D
i , an equality of individual

incentive shifts. Because completion follows a threshold rule, either message alone may induce

the same parent to act, or both may be needed to induce a parent who responds to neither

alone. The distribution of these responses determines whether the combined completion

effect is below, equal to, or above the sum of the separate effects. Departures from additivity

therefore do not by themselves identify substitution or complementarity between reference

points. Comparisons with the single-message arms also vary the number of contacts; the two

combined arms hold content and contact frequency constant while varying reminder timing.

The framework identifies the channels that each message may activate and the assumptions

needed to interpret the treatment comparisons. Their relative effectiveness remains an

empirical question.
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Appendix Tables

Table A-1: Variable Definitions

Component Variable or construct Definition and coding Source or timing

Panel A. Outcome and measurement window

Outcome vaccinated Indicator equal to one if administrative records show that the girl

completed the HPV second dose during the follow-up window, and zero

otherwise.

Administrative vacci-

nation records

Outcome date vaccination_date Date of observed HPV second-dose completion among girls who com-

pleted the schedule; missing for non-completers.

Administrative vacci-

nation records
Measurement win-

dow

Follow-up window Completion is measured from April 25, 2022, through July 30, 2022.

This is the window used for the final outcome and Kaplan-Meier curves.

Post-randomization

Campaign window SMS campaign The first SMS round was delivered on May 4, 2022, and the last SMS

round was delivered on June 11, 2022.

Implementation

records

Panel B. Treatment assignment

Treatment arm treat Randomized arm indicator: 1 pure control; 2 placebo control; 3 owner-

ship reminder; 4 planning prompt; 5 planning prompt plus ownership,

24h reminder; 6 planning prompt plus ownership, 2h reminder.

Random assignment

Pure control pure_control Indicator for the no-message control group. Random assignment
Placebo control placebo_control Indicator for receiving an SMS from the Health Secretariat unrelated to

HPV vaccination.

Random assignment

Ownership reminder vaccine_reserv_only Indicator for receiving SMS language stating that an HPV vaccine was

reserved for the daughter.

Random assignment

Planning prompt soft_default_only Indicator for receiving SMS language suggesting a specific day and time

for completing the HPV vaccination schedule.

Random assignment

Combined treatment,

24h

sft_dft_vaccine_reserv1 Indicator for receiving planning-prompt language plus an ownership

reminder sent 24 hours before the suggested vaccination time.

Random assignment

Combined treatment,

2h

sft_dft_vaccine_reserv2 Indicator for receiving planning-prompt language plus an ownership

reminder sent 2 hours before the suggested vaccination time.

Random assignment

Panel C. Randomization strata

Strata strata Numeric fixed-effect identifier formed by baseline location crossed with

the age-group indicator used in the randomization.

Pre-treatment ad-

ministrative data
Location stratum strata_location Baseline location category used in the randomization strata. Pre-treatment ad-

ministrative data
Bogota indicator bogota Derived indicator equal to one if strata_location is Bogota D.C., and zero

otherwise.

Constructed from

strata
Age stratum age Indicator equal to one for girls ages 9–10 at baseline, and zero otherwise. Pre-treatment ad-

ministrative data

Panel D. Baseline covariates

Age age_girl Girl’s age in years at baseline. Pre-treatment ad-

ministrative data
Health insurer sanitas, salud_total, famisanar,

compensar, capital_salud, other_eps

Mutually exclusive indicators for the girl’s health insurer; other_eps

collects remaining insurers.

Pre-treatment ad-

ministrative data
Health regime regime_contri, regime_subsi,

uninsured, another_regime

Indicators for contributory scheme, subsidized scheme, uninsured status,

and other health-regime category.

Pre-treatment ad-

ministrative data
Ethnicity ethnicity Indicator equal to one if the administrative records identify the girl as

belonging to an ethnic group.

Pre-treatment ad-

ministrative data
Displacement status displaced Indicator equal to one if the administrative records identify the girl as

displaced by the armed conflict.

Pre-treatment ad-

ministrative data
Nationality colombian Indicator equal to one if the girl’s recorded nationality is Colombian. Pre-treatment ad-

ministrative data

Notes: This table defines the variables used in the econometric analysis. The sample includes 5,907 randomized parent records, each linked to one

eligible girl; 819 girls completed the HPV second dose during the measurement window. The pure-control completion rate over this window is 8.6

percent. Treatment indicators identify mutually exclusive randomized assignments. Baseline covariates and strata are measured before treatment

assignment.
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Table A-2: Descriptive Statistics and Covariate Balance: Placebo-Control Benchmark

Descriptive statistics Standardized differences relative to placebo control

Variable Mean SD Placebo-control mean Pure control Ownership Planning prompt Planning+Own. 24h Planning+Own. 2h

Girl’s age (years) 11.252 2.013 11.278 -0.020 -0.017 -0.030 -0.001 -0.007

Age 9–10 years 0.461 0.498 0.460 0.002 0.002 0.001 0.003 0.001

Inside Bogota 0.628 0.483 0.627 0.002 0.001 0.001 0.001 0.003

EPS Sanitas 0.147 0.354 0.131 0.038 0.042 0.061 0.064 0.076

EPS Salud Total 0.101 0.301 0.105 -0.041 -0.016 -0.020 0.010 -0.003

EPS Famisanar 0.204 0.403 0.202 0.035 0.031 -0.021 0.003 -0.022

EPS Compensar 0.184 0.387 0.183 -0.008 0.032 0.005 -0.029 0.014

EPS Capital Salud 0.096 0.295 0.101 -0.017 -0.059 0.006 0.004 -0.020

Other EPS 0.268 0.443 0.279 -0.016 -0.040 -0.023 -0.038 -0.036

Contributory scheme 0.813 0.390 0.801 0.068 0.035 0.024 0.033 0.028

Subsidized scheme 0.123 0.328 0.131 -0.059 -0.049 -0.006 -0.015 -0.018

Uninsured 0.013 0.113 0.012 0.000 0.026 0.026 -0.009 0.000

Other health regime 0.051 0.220 0.056 -0.032 -0.004 -0.046 -0.032 -0.022

Belongs to an ethnic group 0.005 0.071 0.005 -0.051 0.014 0.026 -0.032 0.026

Displaced by armed conflict 0.012 0.110 0.010 0.019 0.046 -0.000 -0.021 0.069

Colombian nationality 0.963 0.189 0.959 0.049 -0.011 0.021 0.037 0.010

Observations 5907 985 985 983 986 984 984

Notes: This table reports descriptive statistics and covariate balance for the final analysis sample. The first two columns report the full-sample

mean and standard deviation. The third column reports the mean for the placebo-control group. The remaining columns report signed standardized

differences between each listed arm and the placebo-control group, computed as the difference in means divided by the square root of the average of

the two group-specific variances. Values close to zero indicate stronger balance. The covariates are measured before treatment assignment and

come from administrative records. The pure control group received no message; the placebo-control group received an SMS unrelated to HPV

vaccination content; ownership refers to language indicating that an HPV vaccine was reserved for the daughter; and planning prompt refers to

language suggesting a specific day and time for completing the vaccination schedule.
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Table A-3: Alternative Benchmarks for Main ITT Effects

(1) (2) (3)
Pure-control
benchmark

Placebo-control
benchmark

Pooled-control
benchmark

Placebo control 0.0143 – –
( 0.0130)

Ownership reminder 0.0458∗∗∗ 0.0315∗∗ 0.0386∗∗∗

( 0.0139) ( 0.0143) ( 0.0125)
Planning prompt 0.0867∗∗∗ 0.0724∗∗∗ 0.0795∗∗∗

( 0.0147) ( 0.0150) ( 0.0133)
Planning prompt + ownership, 24h 0.0794∗∗∗ 0.0652∗∗∗ 0.0723∗∗∗

( 0.0146) ( 0.0149) ( 0.0133)
Planning prompt + ownership, 2h 0.0910∗∗∗ 0.0768∗∗∗ 0.0839∗∗∗

( 0.0148) ( 0.0152) ( 0.0135)

Benchmark mean 0.0863 0.0995 0.0929
Benchmark observations 985 985 1,970
Regression observations 5907 5907 5907
Strata fixed effects Yes Yes Yes
Pre-treatment covariates Yes Yes Yes
P-value: active arms equal 0.015 0.015 0.015

Notes: The dependent variable is an indicator equal to one if the girl completed the
HPV second dose during the study period, measured in administrative vaccination
records. Coefficients and standard errors are reported in the original 0–1 scale of
the dependent variable. Column 1 estimates effects relative to the pure control
group and includes the placebo-control arm as a separate non-omitted treatment
indicator. Column 2 estimates effects relative to the placebo control group and
includes the pure control group as a separate non-omitted category; the placebo row
is therefore not applicable in this column. Column 3 pools the pure and placebo
controls as the omitted benchmark; the placebo-control row is therefore part of the
benchmark. All specifications are linear probability models with randomization-strata
fixed effects and the same pre-treatment administrative covariates used in the covariate-
adjusted specification of Table 3: EPS indicators, health-regime indicators, ethnicity,
displacement status, Colombian nationality, and girl’s age. The equality-test p-value
tests equality of the four active treatment arms: ownership reminder, planning prompt,
planning prompt plus ownership at 24 hours, and planning prompt plus ownership
at 2 hours. Robust standard errors are in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗

p < 0.01.
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Table A-4: Full Multiple-Hypothesis Testing Q-Values

Hypothesis Benchmark or contrast Estimate Robust SE Robust p BH q BKY q

Panel A. Main ITT vs pure control (m = 5)
Placebo control Pure control 0.0143 ( 0.0130) 0.274 0.274 0.058
Ownership reminder Pure control 0.0458 ( 0.0139) 0.001 0.001 ≤ 0.001
Planning prompt Pure control 0.0867 ( 0.0147) < 0.001 ≤ 0.001 ≤ 0.001
Planning prompt + ownership, 24h Pure control 0.0794 ( 0.0146) < 0.001 ≤ 0.001 ≤ 0.001
Planning prompt + ownership, 2h Pure control 0.0910 ( 0.0148) < 0.001 ≤ 0.001 ≤ 0.001

Panel B. Active arms vs placebo control (m = 4)
Ownership reminder Placebo control 0.0315 ( 0.0143) 0.028 0.028 0.007
Planning prompt Placebo control 0.0724 ( 0.0150) < 0.001 ≤ 0.001 ≤ 0.001
Planning prompt + ownership, 24h Placebo control 0.0652 ( 0.0149) < 0.001 ≤ 0.001 ≤ 0.001
Planning prompt + ownership, 2h Placebo control 0.0768 ( 0.0152) < 0.001 ≤ 0.001 ≤ 0.001

Panel C. Active arms vs pooled controls (m = 4)
Ownership reminder Pure + placebo controls 0.0386 ( 0.0125) 0.002 0.002 ≤ 0.001
Planning prompt Pure + placebo controls 0.0795 ( 0.0133) < 0.001 ≤ 0.001 ≤ 0.001
Planning prompt + ownership, 24h Pure + placebo controls 0.0723 ( 0.0133) < 0.001 ≤ 0.001 ≤ 0.001
Planning prompt + ownership, 2h Pure + placebo controls 0.0839 ( 0.0135) < 0.001 ≤ 0.001 ≤ 0.001

Panel D. Mechanism contrasts (m = 6)
Any message Pure control 0.0757 ( 0.0106) < 0.001 ≤ 0.001 ≤ 0.001
Ownership cue Pure control 0.0458 ( 0.0139) 0.001 0.002 0.001
Planning prompt Pure control 0.0867 ( 0.0147) < 0.001 ≤ 0.001 ≤ 0.001
Ownership cue x planning prompt Pure control -0.0530 ( 0.0215) 0.014 0.017 0.008
2h vs 24h timing 24h combined arm 0.0116 ( 0.0165) 0.484 0.484 0.088
Ownership cue - planning prompt Internal contrast -0.0409 ( 0.0158) 0.010 0.015 0.007

Notes: The dependent variable is an indicator equal to one if the girl completed the HPV second dose during the study

period, measured in administrative vaccination records. Estimates come from covariate-adjusted linear probability models with

randomization-strata fixed effects, Eicker-Huber-White robust standard errors, and the same pre-treatment covariates used in

Table 3. Panels A–C report treatment-arm contrasts under the benchmark definitions used in Tables 3 and A-3. Panel D

reports the mechanism and component-model hypotheses from Table 4; the ownership-planning row reports the linear contrast

between the ownership and planning-prompt coefficients. BH q-values control the false discovery rate within each panel using

the procedure of Benjamini and Hochberg (1995). BKY q-values use the two-stage sharpened adjustment of Benjamini et al.

(2006), following Anderson (2008), with each panel defining a family of hypotheses. Coefficients and standard errors are

reported in the original 0–1 scale of the dependent variable.
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Table A-5: Generic Machine Learning: Classification Analysis

Characteristic
G1: lowest

predicted gain
G5: highest

predicted gain Difference 90% CI p-value

EPS Sanitas 8.47 28.79 17.73 [13.90, 22.12] < 0.001

EPS Salud Total 15.15 1.17 -14.76 [-18.02, -11.70] < 0.001

EPS Famisanar 20.44 17.63 -3.36 [-7.74, 1.47] 0.185

EPS Compensar 14.59 21.22 6.08 [2.60, 10.75] 0.004

EPS Capital Salud 4.12 11.62 7.24 [4.04, 10.29] < 0.001

Contributory regime 84.59 79.39 -4.33 [-8.46, 0.10] 0.080

Uninsured 2.67 0.20 -2.37 [-3.85, -0.93] 0.001

Subsidized regime 6.10 14.44 8.48 [4.96, 11.99] < 0.001

Ethnic minority 1.84 0.00 -1.84 [-3.05, -0.65] 0.003

Displaced 0.85 1.42 0.47 [-0.71, 1.78] 0.460

Colombian national 94.13 99.30 5.15 [2.81, 7.35] < 0.001

Girl’s age 13.92 9.55 -4.42 [-4.58, -4.26] < 0.001

Age 9-10 0.52 95.37 94.46 [92.73, 96.28] < 0.001

Inside Bogota 6.04 99.80 92.77 [90.59, 95.01] < 0.001

Subsidized or uninsured 9.89 15.00 5.92 [2.04, 9.41] 0.004

Notes: The table reports classification analysis (CLAN) following Chernozhukov et al. (2025). G1

and G5 are the quintiles with the lowest and highest predicted treatment gains, respectively. The

outcome is completion of the second HPV vaccine dose. The analysis compares assignment to any

of the four active messages with the pure-control arm and excludes the placebo. For each of 100

sample splits, one half of the observations is used to predict treatment gains from pre-treatment

characteristics and the other to estimate the target parameters. Estimates and confidence limits

are aggregated across splits using medians. Binary characteristics are expressed as percentages,

and differences as percentage points; age is measured in years. The 90% confidence interval and

p-value refer to the difference between G5 and G1. Because each statistic is aggregated separately,

the reported difference need not equal the difference between the displayed group means.
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Appendix Figures
Figure A-1 documents the national trajectory of HPV vaccination coverage following the

introduction of the vaccine in Colombia. The PAI series shows a sharp decline in both

one-dose and two-dose coverage after the initial years of the program and persistently low

coverage through 2022.

Figure A-1: HPV Vaccination Rates in Colombia Since the Introduction of the Vaccine in
2012
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Notes: The bars report annual national HPV vaccination coverage for one and two doses. Source:

Authors’ elaboration based on data from the Information System of the Expanded Immunization

Program (PAI) of the Ministry of Health and Social Protection of Colombia.
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Figure A-2: SMS Content by Treatment Arm

Experimental arm Message content

Placebo control Hello Fransheska. Take care of your mental health. Exercise, meditate, eat well

and get adequate sleep. Secretary of Health.

Ownership reminder Hello Lucila. There is an HPV vaccine reserved for your daughter. Secretary of

Health.

Planning prompt Hello Fransheska. You have an appointment on May 21 at 10 a.m. to vaccinate

your daughter against HPV. Secretary of Health.

Planning prompt + ownership

reminder, 24h

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 vaccine reserved for your daughter. Secretary of Health.

Planning prompt + ownership

reminder, 2h

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 vaccine reserved for your daughter. Secretary of Health.

Notes: The figure presents the message content for each treatment arm. The displayed names illustrate personalization:

each message addressed the parent by first name. All messages identified the Health Secretariat as the sender. The

placebo message provided mental health advice without HPV-vaccination content; the pure control group received no SMS.

Although planning prompts used appointment language, the day and time were suggestions for vaccination. No individual

appointment was scheduled or vaccination slot reserved.
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Figure A-3: Covariate Balance Plot Relative to Placebo Control

Girl's age (years)

Age 9--10 years

Inside Bogota

EPS Sanitas

EPS Salud Total

EPS Famisanar

EPS Compensar

EPS Capital Salud

Other EPS

Contributory scheme
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Other health regime

Belongs to an ethnic group

Displaced by armed conflict

Colombian nationality
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Absolute standardized difference relative to placebo control

Pure control Ownership reminder Planning prompt
Planning+Own. 24h Planning+Own. 2h

Absolute standardized differences; reference lines at 0.1, 0.2, and 0.3
Covariate Balance Relative to Placebo Control

Notes: The figure reports absolute standardized differences in baseline covariates between each non-
placebo-control arm and the placebo control group. Standardized differences are computed as the
difference in group means divided by the square root of the average of the two group-specific variances.
Vertical reference lines mark conventional thresholds of 0.1, 0.2, and 0.3 in absolute standardized-
difference units. Values closer to zero indicate stronger covariate balance. Covariates are measured
before treatment assignment and come from administrative records.
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Figure A-4: Dynamic Treatment Effects Relative to Placebo Control
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Notes: The figure reports weekly treatment effects on cumulative HPV second-dose completion relative
to the placebo-control group. Panel A reports the ownership reminder arm; Panel B reports the
planning-prompt arm; Panel C reports the two combined planning-prompt plus ownership-reminder
arms. Outcomes are cumulative indicators equal to one if the girl had completed the second dose by
the end of each calendar week. Estimates come from linear probability models in the stacked girl-week
panel and include week fixed effects, randomization-strata fixed effects, and the same baseline covariates
used in the main ITT specification. Vertical dashed lines mark the first SMS delivery on May 4, 2022,
and the last SMS delivery on June 11, 2022. Error bars are 95 percent confidence intervals based on
standard errors clustered at the girl level.
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Figure A-5: Arm-by-Arm Dynamic Treatment Effects
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Notes: Each panel reports weekly treatment effects on cumulative HPV second-dose completion relative
to the pure control group for one active treatment arm. Outcomes are cumulative indicators equal to one
if the girl had completed the second dose by the end of each calendar week. Estimates come from linear
probability models in the stacked girl-week panel and include week fixed effects, randomization-strata
fixed effects, and the same baseline covariates used in the main ITT specification. Vertical dashed lines
mark the first SMS delivery on May 4, 2022, and the last SMS delivery on June 11, 2022. Error bars are
95 percent confidence intervals based on standard errors clustered at the girl level.
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Figure A-6: Kaplan-Meier Completion Curves by Alternative Control Benchmark
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Notes: Each panel plots cumulative HPV second-dose completion during the administrative follow-up
window for one control benchmark and the four active treatment arms. Panel A uses the pure control
group as the benchmark; Panel B uses the placebo-control group; Panel C pools the pure and placebo
control groups. The time axis begins on April 25, 2022, the first observed vaccination date in the
follow-up data, and ends on July 30, 2022. Vertical dashed lines mark the first SMS delivery on May
4, 2022, and the last SMS delivery on June 11, 2022. Because there is only administrative censoring
at the end of follow-up, the plotted curves are equivalent to cumulative completion rates by date.

A-24



Figure A-7: Heterogeneity Coefficient Plot

Displaced

Colombian national

Subsidized or uninsured

Inside Bogota

Age 9-10

-10 -5 0 5 10 15 20 25
Interaction coefficient: subgroup 1 - subgroup 0 (percentage points)

Notes: Each point is the interaction coefficient between the indicator for receiving any of the
four active messages and the pre-specified subgroup indicator shown on the vertical axis. The
estimation sample excludes the placebo-control arm and compares the pure control group with
the four active treatment arms. Coefficients are reported in percentage points. All specifications
are linear probability models with randomization-strata fixed effects and the same pre-treatment
administrative covariates used in Table 3. Horizontal bars report 95 percent confidence intervals
based on Eicker-Huber-White robust standard errors. The corresponding arm-specific interaction
estimates are reported in Table 6.
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Figure A-8: Generic Machine Learning: Best Linear Predictor

Heterogeneity loading

Average treatment effect

0.0 0.5 1.0
GenericML BLP estimate

Notes: The figure reports the best linear predictor (BLP) of treatment effects using the framework
of Chernozhukov et al. (2025). The outcome is completion of the second HPV vaccine dose. The
analysis compares assignment to any of the four active messages with the pure-control arm and
excludes the placebo. The coefficient β1 measures the average treatment effect on the 0–1 completion
scale; β2 measures whether the predicted-gain score captures treatment-effect heterogeneity. Testing
β2 = 0 assesses the predictive content of that score. For each of 100 sample splits, one half of the
observations is used to predict treatment gains from pre-treatment characteristics and the other to
estimate the target parameters. Estimates and confidence limits are aggregated across splits using
medians. Horizontal bars show 90% confidence intervals.
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Figure A-9: Generic Machine Learning: Classification Analysis
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Notes: The figure reports classification analysis (CLAN) following Chernozhukov et al. (2025). It
compares selected baseline characteristics in the quintiles with the lowest (G1) and highest (G5)
predicted treatment gains. The outcome is completion of the second HPV vaccine dose. The analysis
compares assignment to any of the four active messages with the pure-control arm and excludes the
placebo. For each of 100 sample splits, one half of the observations is used to predict treatment gains
from pre-treatment characteristics and the other to estimate the target parameters. Estimates and
confidence limits are aggregated across splits using medians. Points show group shares in percent,
and horizontal bars show 90% confidence intervals. Table A-5 reports all characteristics and tests of
the differences between G5 and G1.
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Figure A-10: Group Average Treatment Effects Using a Cross-Fitted Regression-Tree Score
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Notes: The figure reports treatment effects by quintile of predicted gains from regression-tree
outcome models. The outcome is completion of the second HPV vaccine dose. The analysis compares
assignment to any of the four active messages with the pure-control arm and excludes the placebo.
Predictions use five-fold cross-fitting: separate outcome models for treated and control observations
are estimated on four folds using pre-treatment covariates and randomization-strata indicators, then
applied to the remaining fold. Each parent’s predicted gain is the difference between these predictions.
Quintiles rank these gains from lowest to highest. Group effects are estimated jointly in a linear
probability model with treatment-by-quintile interactions, quintile fixed effects, randomization-strata
fixed effects, and pre-treatment covariates. Effects are expressed in percentage points. The shaded
region shows 95% confidence intervals based on Eicker–Huber–White robust standard errors, and
the dashed line shows the overall covariate-adjusted intention-to-treat effect. This exercise assesses
sensitivity to the construction of the predicted-gain score relative to Figure 8. The joint test of equal
effects across quintiles has p = 0.024; the linear trend test has p = 0.004.
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B Pre-Analysis Plan
The experiment was registered in the AEA RCT Registry under ID AEARCTR-0009705.

The complete pre-analysis plan is reproduced below.7

7The document reproduced in this appendix is the original version available through the AEA RCT
Registry at https://www.socialscienceregistry.org/trials/9705. Its original terminology, including
references to “soft defaults” and “default options,” is retained verbatim. The manuscript refers to the
implemented intervention as a planning prompt.
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Applying Behavioral Insights for Encouraging Parents to

Vaccinate their Daughters against HPV in Colombia

Stanislao Maldonado* Julian Peña Duarte�

July 8, 2022

Pre-Analysis Plan

Abstract

We conducted a text SMS campaign leveraging the lessons from behavioral sciences

to increase vaccine take-up against the Human Papillomavirus (HPV) in Colombia.

In particular, these messages integrate behavioral insights in dimensions related to

altruism, warm-glow giving, default options, reminders, and beliefs.

1 Introduction

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 main

cause of cervical cancer is the Human Papillomavirus (HPV), 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 serious public health problem

in the region. Since many women are still unimmunized and the long-term consequences

are devastating. Hence, the interest of governments in promoting effective HPV vaccination

*Universidad del Rosario and Behavioral Government Lab. Email: stanislao.maldonado@urosario.edu.co
�Universidad del Rosario. Email: julian.penad@urosario.edu.co
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campaigns.

For this project, we conducted large-scale experiments based on behavioral sciences to increase

the uptake of the HPV vaccine in Colombia. Specifically, we implemented a behavioral-based

short messaging service (SMS) campaign targeting parents in Colombia. Text messages include

behavioral lessons such as altruism, warm-glow giving, default options, reminders, and beliefs.

These interventions were implemented in partnership with the American Cancer Society, the

Behavioral Government Lab (Universidad del Rosario), the Inter-American Development

Bank, the Health Secretariat (HS) of the City of Bogotá, and the Liga Colombiana contra el

Cáncer.

This document describes the pre-analysis plan to assess the impact of the SMS campaign.

Since this plan was written before final data were requested and analyzed (August 2022),

it provides an essential reference to evaluate the performance of these interventions. The

plan is outlined as follows: Section 2 reviews the background of the study; Section 3 explains

the setting of the experiment; Section 4 defines the interventions; Section 5 describes the

sample and the data; section 7 summarizes the study hypotheses; Section 6 explains the

power calculations; Section 8 describes the research design, and Section 9 the estimation

strategy. The Appendix offers details about our research design.

2 Background

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. 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
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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 possible 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

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). So the Liga has made great progress. However, there is still great

room for improvement in the rest of the country, especially in the teachings of behavioral

sciences. Since its solutions, in many cases, are low cost and easy to implement.
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3 Setting

Before designing any public policy, it is necessary to have a thorough understanding of the

problem to be solved. In the case of low HPV vaccination rates, there is a vast literature

on the reasons. One plausible explanation is the beliefs that people may form about the

vaccine and HPV. Another possible cause is procrastination, with parents postponing HPV

vaccination. We, therefore, developed a series of interventions that address these causes and

take advantage of the altruistic behaviors of parents toward their daughters.

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 informa-

tion on the vaccines, this is uploaded to the application (PAIWEB) by the health providers.

These reports will be crucial in evaluating the effectiveness of the interventions.

4 Interventions

The study included three types of experiments designed to improve the HPV vaccination

rates in this setting. The first type of experiment focuses on altruism and its distinction with

warm-glow giving. The second uses soft default options and some insights from Milkman

et al. (2021). The third may aim to correct parents’ beliefs about the HPV vaccine. Each

experiment included two fixed components in its messages: the name of the person to whom

the message was sent and the message’s sender. We added the fixed components to make the

message more personalized, as other settings have shown it to be effective. For the population

of unvaccinated girls we implemented all three types of experiments.

In contrast, only the default options and milkman insights were applied to girls with incomplete

HPV vaccination schedules. The reason for this was that there was not enough sample for girls

with incomplete HPV vaccination schedules to conduct further experiments. The timeline
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Figure 1: Experiment Timeline
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of these experiments is presented in figure 1 and the interventions are described in detail

below.

4.1 Experiment 1: Altruism and warm-glow

Experiment 1 exploits the altruism of fathers towards their daughters and their desire to

protect them. Specifically, we present two versions: a soft and a strong version. In the soft

version, the word “need” is used to show parents that their daughters need their help, which

could be considered something usual because parents, in theory, are constantly helping their

children. In addition, at the end of the message, it is emphasized that the parent will be

protecting her daughter against cervical cancer. In the strong version, the imminent danger

of cervical cancer is made salient by using the expression “Save your daughter,” At the end,

the message emphasizes that the parent will be giving her all the protection.

On the other hand, we added two treatments of the economic theory of Warm-glow. Specifi-

cally, one exploits intrinsic Warm-glow and the other extrinsic Warm-glow. Intrinsic Warm-

glow refers to the personal satisfaction of helping others. Extrinsic Warm-glow indicates that

external rewards may be involved, such as recognition and prestige. The content of the text

messages for this intervention is presented in the graph (2).
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Figure 2: SMS Content for experiment 1

Altruism: a soft
feeling of protecting Hello Dayana. Your daughter needs you, vaccinate her against

HPV and protect her from cervical cancer. Secretary of Health.

Altruism: a strong
feeling of protecting

Hello Luciana. Save your daughter from cer-
vical cancer. Vaccinate her against HPV and
give her all the protection. Secretary of Health.

Warm-glow
Intrinsic Hello Aura. Vaccinate your daughter against HPV and be

glad to protect her from cervical cancer. Secretary of Health.

Warm-glow
Extrinsic

Hello Silvia. Vaccinate your daughter against HPV
and join the list of responsible parents who protect
their daughters against cancer. Secretary of Health.

4.2 Experiment 2: Beliefs

This experiment provided information to correct parental beliefs regarding HPV vaccination

and the severity of HPV. One of the treatments includes a short 2-minute YouTube video

designed by La Liga Colombiana contra el Cáncer that provides general information about

HPV vaccination. The other two treatments address the ideal timing of HPV vaccination and

the severity of HPV globally. Figure (3) presents the messages used in this intervention.

Figure 3: SMS Content for experiment 2

Beliefs in general Hello Sofia. For more information on
HPV vaccination, watch a 2-minute video:

https://youtu.be/FZOIYXwwLk0 . Secretary of Health.

Beliefs about
vaccination timing

Hello Danna. Did you know that the sooner you vacci-
nate your daughter against HPV the better? Don’t miss
out on the benefits of doing it early. Secretary of Health.

Beliefs about
severity global

Hello Laura. Did you know that more than 324,000
women worldwide die every year due to HPV? Vacci-
nate your daughter against HPV. Secretary of Health.
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4.3 Experiment 3: Decision aids

In this intervention, we implemented the soft default options and one of the insights from

Milkman et al. (2021). For the soft default options, we suggested a time and day for parents

to go and vaccinate their daughters. Then, following the methodology of Milkman et al.

(2021), the message “an HPV vaccine reserved for your daughter” is used as a reminder of

the previous message. Because, as the authors explain, the language makes parents feel that

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

We carried out two versions of reminders: one 24 hours before the appointment and the other

2 hours before the appointment. In Figure (4) we can see in detail the wording of the text

messages based on these dimensions.

Figure 4: SMS Content for experiment 3

Milkman’s in-
sight (1SMS) Hello Valeria. There is an HPV vaccine re-

served for your daughter. Secretary of Health.

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

Soft-default +
Milkman’s insight
(2 SMS option 1)

Message 1 (62 hours prior to the appointment):
Hello Maria. You have an appointment on June 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 +
Milkman’s insight
(2 SMS option 2)

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

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

The Health Secretariat of Bogota provided the data for the experiments. One of the advantages

of these data is that health providers upload information regarding vaccinations for all citizens.

Therefore, we will be able to observe whether the girl was vaccinated or not. However, there

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

(EPS), if the person belongs to the contributory or subsidized regime, nationality, ethnicity,

displacement by civil war, and daughter’s age.

Regarding the sample, the first dataset corresponds to parents with unvaccinated daughters

against HPV between 9 and 17 years of age. The second dataset corresponds to girls who

have only one dose of the vaccine (incomplete schedule). Specifically, part of the excluded

sample from an allied research study, “Nudging parents to increase HPV vaccine demand in

Bogota, Colombia,” was used. The reason for this data exclusion was that this information

was required for the stratified randomization and the social norms experiment. However, in

the experiments presented above, it is not necessary to have this information. Thus, we took

advantage of these samples to conduct other interventions. Finally, the resulting sample for

unvaccinated girls is 16,538 parents. At the same time, the sample for girls with incomplete

schedules is 5,907 parents. Descriptive statistics for unvaccinated girls are presented in the

table (1) and for girls with incomplete immunization schedules are presented in the table

(2).

6 Power calculations

We estimated the minimum sample size for each experiment assuming an individual random-

ized design with an effect size of 4.25 percentage points, 90% power, and a Chi-Square test

for difference of proportions at a 5% significance level. Because each experiment has up to 6

treatment arms, we adjusted for multiple testing using a Bonferroni correction for up to 6

comparisons in each experiment. Under these assumptions, the minimum sample size for each
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experiment is 5,858 subjects. Figures (6) to (9) in the appendix show that each experiment

has a larger sample size than required.

7 Hypotheses

The principal set of hypotheses concerns the impact of behavioral-based text messages on

the uptake of HPV vaccination. Specifically, we will evaluate each behavioral treatment’s

main hypotheses (M). In addition, as we have many behavioral treatments, we will also test

a set of general hypotheses (G) and subgroups hypotheses (S). The final set of hypotheses is

about heterogeneous effects exploration.

7.1 Hypotheses about altruism and warm-glow

Hypothesis M.1: Receiving a text message based on altruism or warm-glow insights positively

affects HPV vaccination take-up.

Hypothesis S.1: Receiving a text message based on any altruism insights positively affects

HPV vaccination take-up.

Hypothesis S.2: Receiving a text message based on any warm-glow insights (intrinsic or

extrinsic) positively affects HPV vaccination take-up.

Hypothesis G.1:Receiving a text message based on any altruism or warm-glow insights

positively affects HPV vaccination take-up.

7.2 Hypotheses about beliefs

Hypothesis M.2: Receiving a text message that seeks to correct beliefs regarding HPV

positively affects HPV vaccination take-up.

Hypothesis G.2: Receiving any text message that seeks to correct beliefs regarding HPV

positively affects HPV vaccination take-up.
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7.3 Hypotheses about decision aids

Hypothesis M.3: Receiving a text message that relies on decision aids positively affects the

uptake of HPV vaccination.

Hypothesis M.4: Receiving both a text message based on default options and one with

milkman’s insight has a larger positive effect on HPV vaccination take-up than the individual

effects of these treatments.

Hypothesis G.3: Receiving a text message based on any decision aids positively affects HPV

vaccination take-up.

The above hypotheses are based on comparisons with the pure control group, the placebo

control group, and the union of both control groups. We also consider an auxiliary hypothesis

(A) related to the different control groups in our experimental designs:

Hypothesis A.1: There is no difference between receiving a placebo message (placebo control)

and not receiving a message (pure control) in increasing HPV vaccination take-up.

7.4 Hypotheses about the Heterogeneity of Impacts

Due to the lack of covariates, we will not conduct sophisticated methods to analyze the

heterogeneous effects. We will explore the heterogeneity of impacts on if the person belongs

to the contributory or subsidized regime, access to health insurance, nationality, ethnicity,

and displacement by civil war. The hypothesis is the following:

Hypothesis H.1: The individual characteristics of parents and daughters are likely to influence

HPV vaccination take-up. We consider this hypothesis for each of the above features for any

experiment.
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8 Research Design

As described above, we applied three types of experiments and four in total, three for the

sample of unvaccinated girls and one for girls with incomplete vaccination schedules. The

experimental design for each treatment is presented in figures (6) through (9).

8.1 Outcomes

The primary outcome is a categorical variable that indicates whether a parent’s daughter is

vaccinated against HPV during the SMS campaign window (6 weeks) or during the 6 weeks

after the end of the intervention.

8.2 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

we used age as a block variable, we 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).

Each 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. We intend to distinguish

between the effect of sending a message and sending a behavioral-based text message with

this placebo message. Figure 5 shows the content of the placebo control message.

Figure 5: 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.
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We sent weekly messages to the treatment sample for six weeks. The timeline of the

experiment is presented in figure (1). 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.

8.3 Balance

Tables (3) to (6) report the analysis of the balance of randomization on the limited set of

pre-treatment covariates for each experiment. These tables suggest that the randomization of

the experiments ensured no difference between treatment arms in terms of observables.

9 Estimation Strategy

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

campaign on HPV vaccination take-up.

9.1 Estimation of Treatment Effects

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

We will estimate models as follows:

Yij = α+
K∑

κ=1

βκZj + θs +X
′
ijδ + εij (1)

Where Yij is the outcome of interest for girl i from parent j measured six weeks after the

end of the SMS campaign. Zj denotes the treatment status of parent j. θs is a vector
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of randomization strata dummy variables (location*age). X
′
ij is a vector of pre-treatment

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

interest that will capture the ITT effect for each treatment arm.

9.2 Heterogeneous Treatment Effects

We will test the differential impact of the treatments, including the interaction terms of the

pre-treatment variables of interest Wj for parent j with the treatment variables. Then we

will estimate models of the following form:

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 contributory regime, subsidized regime, access to health insurance,

nationality, ethnicity, and displacement by civil war. In addition, if we can obtain more

features from administrative records. We will apply the generic machine learning strategy

proposed by Chernozhukov et al. (2018).

9.3 Addressing Multiple Inference

Multiple hypothesis testing is a concern for our study because we have multiple treatment arms

and pre-treatment characteristics to explore heterogeneities. Therefore, we will implement

the Benjamini and Hochberg (1995) method to control the false discovery rate.

9.4 Non-compliance

Given the nature of our study, parents cannot change their treatment status. However, the

fact that we send a message does not guarantee that it will be read, so ITT estimates will

capture the effect of receiving a text message with behavioral components.
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9.5 Attrition

Since we work with administrative records, attrition will not be a problem in our study.

However, we could implement Lee (2009) if required.
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Castro, C., Maŕın, M., & Muñoz, N. (2020). Hpv vaccination in colombia. from a nightmare
to a bright and promising dawn. www.HPVWorld.com, 105 .

Chernozhukov, V., Demirer, M., Duflo, E., & Fernandez-Val, I. (2018). Generic machine
learning inference on heterogeneous treatment effects in randomized experiments, with an
application to immunization in india (Tech. Rep.). National Bureau of Economic Research.

Lee, D. S. (2009). Training, wages, and sample selection: Estimating sharp bounds on
treatment effects. The Review of Economic Studies , 76 (3), 1071–1102.
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Tables

Table 1: Descriptive Statistics for Sample of Unvaccinated Girls

Variables mean sd min max N

Girl’s age in years 10.61 1.857 9 17 16,538
EPS Sanitas 0.0993 0.299 0 1 16,538
EPS Salud Total 0.0825 0.275 0 1 16,538
EPS Famisanar 0.150 0.357 0 1 16,538
EPS Compensar 0.117 0.321 0 1 16,538
EPS Capital Salud 0.0516 0.221 0 1 16,538
Other EPS 0.500 0.500 0 1 16,538
Contributory Scheme 0.693 0.461 0 1 16,538
Uninsured 0.0951 0.293 0 1 16,538
Subsidized Scheme 0.144 0.351 0 1 16,538
Other scheme 0.0680 0.252 0 1 16,538
Belongs to some ethnic group 0.00955 0.0973 0 1 16,538
Displaced by the armed conflict 0.0207 0.142 0 1 16,538
Colombian nationality 0.983 0.127 0 1 16,538

Table 2: Descriptive Statistics for the Sample of Girls with Incomplete Vaccination Schedules

Variables mean sd min max N

Girl’s age in years 11.25 2.013 9 17 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
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Figures

Figure 6: Experimental Design for experiment 1: Altruism and warm-glow

Full sample:
7,633

Control:
2,544

Pure:
1,272

Placebo:
1,272

Treatment:
5,089

Altruism:
2,545

Soft:
1,272

Strong:
1,273

Warm-glow:
2,544

Intrinsic:
1,272

Extrinsic:
1,272

Figure 7: Experimental Design experiment for experiment 2: Beliefs

Full sample:
6,361

Control:
2,544

Pure:
1,272

Placebo:
1,272

Treatment:
3,817

B. general
video: 12,72

B. vaccination
timing: 1,273

B. severity
global: 1,272
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Figure 8: Experimental Design for experiment 3: Decision aids (unvaccinated girls)

Full sample:
7,632

Control:
2,544

Pure:
1,272

Placebo:
1,272

Treatment:
5,088

1 SMS:
2,544

Milkman’s
insight:1,271

Soft-default:
1,273

2 SMS:
2544

Version 1:
1,272

Version 2:
1,272

Figure 9: Experimental Design for experiment 4: Decision aids (incomplete schedules)

Full sample:
5,907

Control:
1,970

Pure:
985

Placebo:
985

Treatment:
3,937

1 SMS:
1,969

Milkman’s
insight:983

Soft-default:
986

2 SMS:
1,968

Version 1:
984

Version 2:
984
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