Pre-Analysis Plan
Downstream Effects of Housing Improvements: Evidence from a Nationwide Randomized Experiment
Introduction
Inadequate housing is a defining dimension of poverty in Latin America, and governments have invested heavily in improvement programmes aimed at closing material deficits at the household level. The theoretical case for broad downstream effects is compelling: the physical home is not merely a shelter but a productive environment that shapes daily routines, health exposures, cognitive development, and social interactions. Overcrowding, structural deficiencies, and lack of basic services generate chronic stress and undermine sleep quality, with direct consequences for mental health and subjective wellbeing (Cattaneo et al., 2009; Galiani, Gertler and Undurraga, 2018; Ludwig et al., 2012). Children in inadequate housing face disrupted study environments, limiting educational attainment and cognitive development (Goux and Maurin, 2005; Newman and Holupka, 2014). For adults, poor housing conditions can constrain labour market participation by affecting health, productivity, and the capacity to maintain stable employment (Chyn, 2018; Rojas-Ampuero and Carrera, 2025). Beyond these direct pathways, housing improvements may affect households' sense of agency and self-esteem, changes that could reinforce engagement with labour markets, public health systems, and social programmes more broadly (Kling, Liebman and Katz, 2007). Despite this body of evidence, most existing studies examine either relocation programmes or single-domain outcomes, and evidence on the broader socioeconomic effects of in-situ housing improvements, particularly in Latin America, remains scarce.
This paper studies Programa Habitabilidad, a nationwide housing intervention in Chile targeting highly vulnerable households. The programme combines material upgrades to dwelling conditions with family-level support aimed at strengthening household practices. Exploiting randomised assignment at the household level, we estimate ITT and TOT effects on a pre-specified set of outcomes spanning household income, social transfers, health system contributions, school attendance, and fertility. Our contribution is twofold. First, we provide a comprehensive, multi-domain evaluation of the broader socioeconomic effects of housing improvement, adding to a still limited body of evidence on this question. Second, to the best of our knowledge, this is the first randomised evaluation of a nationwide government-run housing improvement programme, addressing a key gap in the external validity of existing evidence, which has relied predominantly on NGO pilots or geographically limited programmes.

Summary table
	Item
	Description

	Study design
	Two-arm randomized evaluation 

	Research team
	Natalia Valdes, Dante Contreras, Ryan Cooper, Mohit Karnani

	Unit of randomisation
	Household

	Unit of analysis
	Household and individuals

	Primary estimand
	Intention-to-treat (ITT): effect of assignment to Habitabilidad

	Secondary estimand
	Treatment-on-the-treated (TOT): effect of treatment receipt among compliers, using assignment as an instrument

	Immediate outcomes
	Housing conditions, measured through indicators constructed from the Wellbeing Indicators Matrix — reported to document program implementation and verify that treatment improved housing

	Primary outcomes
	Effects on household wellbeing, including household income, social transfers received, contributions to the health system, school attendance of children and adolescents, and fertility

	Stratification
	Municipality × programme of origin within SSyOO[footnoteRef:1], and Chile Crece Contigo[footnoteRef:2] status [1:  Subsistema Seguridades y Oportunidades (SSyOO): Chile's social protection subsystem targeting households in extreme poverty and vulnerability, established under Law 20.595 (2012) and administered by the Ministry of Social Development and Family. It provides participating households with psychosocial and labour inclusion support through case workers, conditional and unconditional cash transfers, and facilitated access to social services. Households enter through one of several programme tracks, primarily Programa Familias (for households in extreme poverty) and Grupos Vulnerables (for specific vulnerable populations including older adults and families with a member in prison). Families who participate in Habitabilidad must be SSyOO families.]  [2:  Chile Crece Contigo (ChCC): A nationwide early childhood protection system launched in 2007 and institutionalised under Law 20.379 (2009), coordinated by the Ministry of Social Development and Family. It provides universal support to all children and families attending the public health system from pregnancy through age 9, while targeting focalized benefits, including priority access to social services, childcare, and developmental support, to families within the 60% most vulnerable according to the Registro Social de Hogares (RSH).] 


	Inference
	Because randomisation occurs at the household level, primary inference for household-level outcomes uses heteroskedasticity-robust standard errors. For individual-level outcomes, standard errors are clustered at the household level to account for within-household correlation induced by shared treatment assignment. As a robustness check for all outcomes, we additionally report standard errors clustered at the level of the randomisation strata.



Pre-Analysis Plan Commitments
At the time of writing this PAP, the research team has not had access to the evaluation data, this is the outcome data associated with the assignment or reception of the program Habitabilidad. Access to the required datasets is subject to authorisation by the Ministry of Social Development and Family of Chile and to the completion of the corresponding data-sharing and confidentiality agreements.
All primary estimands, outcome definitions, main model specifications, and approaches to missing data and robustness checks are specified ex ante in this document. Any deviations from this plan will be explicitly documented and justified in the final paper.
Evaluation Aim
The evaluation estimates the causal effects of Programa Habitabilidad on broader dimensions of household well-being, using random assignment in 2020. In particular, the analysis examines whether improvements in housing conditions translate into changes in households’ socioeconomic outcomes, interactions with the social protection and health systems, educational participation of children and adolescents, and demographic behavior. Housing conditions are analyzed as immediate outcomes that document program implementation and help interpret effects in these broader domains.
Hypotheses
The primary hypotheses are that assignment to Habitabilidad affects dimensions of household well-being beyond housing conditions. Specifically, assignment is expected to influence household income, labor market participation, access to social transfers, participation in the health system, school attendance of children and adolescents, and fertility.
We additionally hypothesise that treatment effects are heterogeneous across household characteristics. Specifically:
Female-headed households: Housing improvements may have larger effects on labour market participation and health for female heads, who tend to spend more time at home and face different constraints on formal employment.
Presence and number of young children: Effects on child health, cognitive development, and school attendance are likely larger for households with children in early childhood, given the well-documented sensitivity of this developmental period to environmental conditions.
Geographic location: Labour market and income effects may differ by geography, given differences in opportunity structures, formal employment rates, and access to public services.
Initial housing conditions: Effects are expected to be larger for households with poorer initial housing conditions, as the marginal benefits of housing improvements are likely greater where baseline deficits are more severe.

We also examine whether effects vary with the characteristics and intensity of the intervention. Treatment effects may differ by type of housing solution received, reflecting the distinct pathways through which different improvements affect household wellbeing. Effects may also vary with the severity of the household deficit diagnosed at baseline and the share of identified needs addressed through delivered solutions, both measured using programme administrative data. These analyses are interpreted as descriptive and mechanism-oriented, given that treatment intensity is a post-assignment variable and does not have a causal interpretation.

Randomization
Municipalities were instructed to pre-select approximately twice the number of households that could ultimately be served, provided that sufficient eligible households meeting the program criteria were available. Random assignment was then used to allocate available program slots among these pre-selected households. Households identified as urgent or critical cases that were prioritized for entry were not subject to randomization and are excluded from this evaluation (13.7% of the households).
Eligibility was restricted to households participating in the Subsistema Seguridades y Oportunidades (SSyOO), Chile’s social protection system for vulnerable households. Randomization was stratified by municipality, SSyOO program of origin, and Chile Crece Contigo status. Program of origin refers to the entry track through which the household participates in SSyOO (Familias or Grupos Vulnerables).
Sample size and consort diagram
A total of 8,095 households (50,194 individuals[footnoteRef:3]) were considered in the selection process. Of these, 1,108 households were classified as critical cases and were not subject to randomization. The remaining 6,987 households were randomly assigned to treatment (3,030 households) or control (3,957 households). [3:  488 individuals appear more than once in the dataset. This database was obtained through a public information request.] 

Among households assigned to treatment, 1,986 (65.6%) received Habitabilidad, while 1,044 did not. Among households assigned to control, 246 (6.2%) received the program. The following figure presents the CONSORT flow diagram.
Figure 1: Consort flow diagram for Habitabilidad program


Ethics and Consent
This evaluation relies primarily on administrative and program data and is designed to estimate the impacts of an existing social program assignment process. The evaluation will comply with applicable data protection and confidentiality protocols, including safeguards for handling personally identifiable information during data linkage and analysis, secure data storage, controlled access, and disclosure limitation in reporting. Access to the data is granted through the RIS (Registro de Informacion Social) mechanism, a public call administered by the Ministry of Social Development and Family of Chile.
In addition, the study has been approved by the Ethics Committee of the Faculty of Economics and Business of the Universidad de Chile (Approval number N°06/2025).
Outcome Measures and Construction
Primary outcomes
The primary outcomes capture broader dimensions of household well-being beyond housing conditions. These outcomes are measured using linked national administrative data available annually for both treatment and control households, allowing the evaluation to trace households’ socioeconomic trajectories and interactions with public systems over time.
The main outcome domains are:
· Labor market and income: Equivalized household income constructed from formal earnings records, and indicators of formal labor market participation measured through pension (AFP) and unemployment insurance contributions (AFC).
· Cash transfers: total annual social transfers received by the household.
· Health system participation: affiliation to the public (FONASA) or private (ISAPRE) health insurance systems and contribution-based participation where observable.
· Education (children and adolescents): school enrolment and attendance derived from administrative education records.
· Demography: fertility outcomes measured through births registered to household members.
Outcomes are measured annually and available individually, but we will construct the household level when it is needed. Calendar year 2019 is defined as the pre-treatment baseline period. Outcomes are observed from 2020 onward, allowing the evaluation to examine short- and medium-term effects.
Secondary outcomes
Secondary outcomes capture additional dimensions of households’ socioeconomic conditions and interactions with public systems that may be affected by Programa Habitabilidad but are not designated as primary outcomes. These measures provide complementary evidence on households’ trajectories within the social protection system.
The main secondary outcome domains include:
· Labor market attachment: indicators of formal labor market participation measured as the proportion of months in which household members ages 15–65 make pension or unemployment insurance contributions.
· Socioeconomic vulnerability: household vulnerability classification and score as defined by the Registro Social de Hogares (RSH), including changes in vulnerability tranche over time.
· Social protection participation: participation in social programs, particularly other housing programs.
· Education outcomes (children and adolescents): school enrollment and academic performance based on administrative education records.
Housing conditions (Immediate outcomes)
Housing conditions are analyzed as intermediate outcomes that document program implementation and help interpret effects in broader well-being domains. These outcomes are measured using indicators constructed from the SSyOO Wellbeing Indicators Matrix, which is collected at baseline, midline, and endline during households’ participation in SSyOO.
The baseline Wellbeing Indicators Matrix is observed prior to assignment to Programa Habitabilidad. The primary housing outcome measure is the first available post-assignment Wellbeing Indicators Matrix observation (typically the SSyOO endline). For some households, this measurement may occur before full receipt of the Habitabilidad intervention. This timing reflects the administrative structure of SSyOO data collection rather than program-specific measurement.
Housing outcomes will be reported as a set of clearly defined indicators capturing different dimensions of housing conditions and the physical household environment. If a summary index is constructed, the rules for indicator selection, coding, and aggregation will be defined ex ante and documented transparently. Results will be reported for individual indicators and for any pre-specified index.

Method of Analysis
All specifications will include strata fixed effects corresponding to the randomization design.
Intention-to-Treat (ITT) Analysis
ITT Specification 1: design-based post model. For outcomes observed only post-treatment, the primary model is:

where  is the outcome for household or individual i at time t, is an indicator for assignment of Habitabilidad 2020, and  are strata fixed effects.
ITT Specification 2: ANCOVA specification that conditions on baseline values measures to improve precision.

Where is the baseline value of the outcome.
ITT Specification 3: ANCOVA with additional baseline covariates (precision enhancement). The model extends Specification 2 by adding a pre-specified vector of baseline covariates :


Treatment-on-the-Treated (TOT) Analysis
Because noncompliance occurs on both sides of the assignment, we estimate treatment-on-the-treated (TOT) effects using random assignment to Programa Habitabilidad as an instrument for actual program receipt.
Noncompliance arises for several reasons. Some households assigned to treatment did not ultimately receive the intervention, either because they declined participation or due to implementation constraints during the COVID-19 pandemic, including operational disruptions and increases in construction costs. In addition, a limited number of households assigned to control were incorporated into the program through local administrative decisions. These deviations from assignment generate two-sided noncompliance.
To account for this, we use assignment as an instrument for treatment receipt and estimate causal effects using standard instrumental variables methods. The resulting TOT estimates identify the local average treatment effect (LATE) for compliers under the standard IV assumptions.
TOT Specification 1: IV endline/post model (primary TOT). First stage:
First stage: 


Second stage:


where τ denotes the treatment-on-the-treated parameter.
TOT Specification 2: IV-ANCOVA (preferred when baseline is available). For outcomes with baseline measures:
Second stage:

TOT Specification 3: IV-ANCOVA with additional baseline covariates (robustness):
Second stage:

Reporting and Interpretation
Results will be reported for ITT as the primary estimand and for TOT as a secondary estimand. The TOT interpretation will be made explicit as a local average treatment effect for compliers under standard IV assumptions. The evaluation will report the first-stage strength and compliance rates.
Heterogeneity Analyses
We conduct heterogeneity analyses along two dimensions: (i) pre-specified subgroup analyses based on theory, (ii) data-driven heterogeneity using machine learning methods.
Pre-specified heterogeneity. We estimate heterogeneous ITT and TOT effects along dimensions consistent with the stratified randomization design. Specifically, we report subgroup-specific effects by gender, presence and number of young children, geographic location and initial housing condition.
For housing conditions (immediate outcome), we will examine heterogeneity by households’ stage in SSyOO at the time of assignment. Because households may access Habitabilidad at different points during their three-year participation in SSyOO, the timing of outcome measurement may correspond to different durations of exposure.
We estimate the following interaction specification:

where is treatment assignment are the randomization strata fixed effects, and capture differential impacts relative to households assigned during Year 1. 
Data driven heterogeneity. We implement a pre-specified data-driven approach to estimate heterogeneous treatment effects using causal forests. 
Multiple Inference Adjustment. To account for multiple testing across outcome domains and pre-specified subgroups, we adjust p-values using the Romano-Wolf stepdown procedure (Romano and Wolf, 2005a, 2005b; Clarke, Romano and Wolf, 2020). Adjusted p-values are reported alongside conventional p-values.
[bookmark: _heading=h.hgnp7jouk8iq]Exploratory analysis of treatment intensity. 
We also conduct exploratory analyses of treatment intensity and mechanisms. These analyses rely on post-assignment information and therefore do not have a causal interpretation.
First, we examine variation by type of improvement received, classifying treated households into categories such as dwelling improvements, environmental interventions, household equipment, and basic services support.
Second, we analyze variation by coverage of diagnosed needs, measured as the number or share of identified housing needs addressed through delivered solutions.
These analyses are interpreted as descriptive and mechanism-oriented and will be clearly distinguished from the main ITT and TOT estimates.
Missing Baseline and Endline Data
This evaluation relies almost exclusively on administrative data, which are assumed to provide full registry coverage. Consequently, any absence of a record for a given household or individual is interpreted as a meaningful zero rather than missing data. For example, absence from AFP or AFC records implies no formal earnings in that year, and absence from a benefits registry implies non-receipt of the corresponding transfer.
An exception is the Registro Social de Hogares (RSH), Chile's national household registry used to determine eligibility for social programmes, which relies on voluntary registration and updating by households. Because RSH information may be missing for some households, particularly for vulnerability classification, observations without valid RSH data will be retained and coded as missing. No imputation will be applied to RSH measures in the primary analysis.
For data collected as part of Habitabilidad program operations, missing data are not expected. If missingness is observed due to administrative issues, it will be documented and addressed transparently.
Power estimation
Power calculations are based on the realised number of households assigned to treatment (N_T = 3,030) and control (N_C = 3,957), and assume a two-sided test with a significance level of 5 percent. Effect sizes are expressed in standardised units (Cohen's d), allowing comparisons across outcomes that differ in scale and dispersion. These calculations correspond to the ITT estimator. The TOT estimator, obtained via instrumental variables, will have lower effective power, as IV inflates standard errors by approximately the inverse of the first-stage compliance rate. Given a first-stage compliance rate of approximately 0.59, TOT standard errors are roughly 1.7 times larger than ITT standard errors, implying a correspondingly higher MDE for the TOT.
The evaluation is well powered to detect small to moderate ITT effects. The minimum detectable effect at 80% power is approximately 0.068 SD, and 0.079 SD at 90% power. As shown in Table 1, the study achieves power above the conventional 80% threshold for standardised effects of 0.07 SD or larger, and above 90% for effects of 0.08 SD or larger. These are small effects by conventional standards, indicating that the evaluation is sufficiently powered to detect meaningful impacts across all primary outcome domains.

Table 1: Power estimation
	Cohen's d
	Power

	0.05
	0.544

	0.07
	0.800

	0.08
	0.900

	0.10
	0.985

	0.15
	1.000




Notes: Power is defined as the probability of rejecting the null hypothesis of no effect when the true ITT effect equals the specified standardised effect size (Cohen's d). Calculations are based on the realised household-level randomised sample (N_T = 3,030, N_C = 3,957), assume independent observations at the household level, and use a two-sided test with α = 0.05. The minimum detectable effect at 80% power is approximately 0.068 SD.

Figure 2: Minimum Detectable Effect Size by Sample Size and Power
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245 received
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