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I. INTRODUCTION 

The United Nation’s Sustainable Development Goals (SDGs) call for radically 

expanding secondary education; however, debates continue about how to manage fiscal costs 

of free secondary education (e.g., Ghana), what the optimal curricula should be in these new 

schools, whether private schools can contribute, and whether all students can benefit. For 

instance, the SDGs call for widespread, affordable vocational training throughout the 

developing world. Moreover, private schools in developing countries serve a much broader 

socioeconomic range of the population than in developed countries (Ashley et al. 2014), and 

debates loom large about private schools’ ability to enable low-cost expansion of access and 

the appropriate regulation of private schools that can minimize costs. 

 We examine Colombia’s	 Programa de Ampliación de Cobertura de la Educación 

Secundaria (PACES) voucher program and seek to draw lessons on some of these issues. In the 

1990s, Colombia’s PACES program expanded secondary school access for socioeconomically 

disadvantaged students using private school vouchers. Due to oversubscription, the government 

allocated vouchers by lottery, and we take advantage of the oversubscription lotteries to 

estimate the impacts of the voucher.  

Our work also contributes to the broader literature on school vouchers.1 Outstanding 

topics in this literature include: i) long-run impacts on educational attainment, labor market and 

earnings outcomes, social mobility, and consumption; ii) effects on taxpayers and welfare; iii) 

design features of voucher programs, and iv) the role of product differentiation. 

	
1 For example, Epple and Romano (1998); Ladd (2002); Angrist, Bettinger, and Kremer (2006); Hsieh and 
Urquiola (2006); Wolf et al. (2010); Barrow and Rouse (2008); Muralidharan and Sundararaman (2015); 
Abdulkadiroglu, Pathak, and Walters (2018). See also reviews by Epple, Romano, and Urquiola (2017) and 
Zimmer and Bettinger (2014). 
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Our contributions are threefold. First, we present evidence on the long-run impacts of 

Colombia’s PACES voucher program.  We track voucher applicants using a variety of survey 

and administrative data for over twenty years after the initial voucher lottery award.2 Prior 

research has shown that academic outcomes improve after three years and that high school 

graduation improves after six years (Angrist et al. 2002; Angrist et al. 2006).  The prior research 

also demonstrates that these impacts largely operate through vocational schools (Bettinger et 

al. 2010). One contribution of our paper relative to prior PACES papers—as well as other 

studies in the voucher literature—is to track outcomes for a much longer time period and for a 

broader range of key outcomes including tertiary education enrolment and graduation, formal 

labor force participation and earnings, consumption, fertility and welfare benefit dependency. 

We show that PACES vouchers greatly increased social mobility into the middle class among 

students who grew up in socioeconomically disadvantaged households through increased rates 

of tertiary education enrolment and graduation, increased formal sector earnings, car and credit 

card consumption, and increased neighborhood upgrading. Voucher recipients also had a lower 

incidence of teen childbearing without changes in total fertility by age 33. 

Our second novel contribution to the PACES and vouchers literature is to provide 

detailed welfare estimates of the program based on costs and benefits to participants and 

taxpayers. As a result of this analysis, we show that increased access to the middle class among 

	
2 No prior study has looked at the effects of school vouchers on recipients over such a long time span. Angrist, 
Bettinger and Kremer (2006) show that winning the PACES program lottery increased secondary graduation rates 
by 15-20 percent. Wolf et al. (2010) show that the DC Opportunity Scholarship Program significantly increased 
high school graduation rates by 17 percent. Chingos and Peterson (2015) find that in the New York voucher 
program of the School Choice Scholarship Foundation, winning the voucher lottery increased college enrollment 
rates among African American students by 20 percent, full-time college enrollment by 25 percent and selective 
college enrollment by more than 100 percent (of a base of 3 percent in the control group), but that there was no 
significant effect in the overall sample. Cowen et al. (2012) use a matching strategy to show that recipients of the 
Milwaukee Parental Choice voucher program were more likely to graduate from high school and more likely to 
enroll in college—particularly 4-year college—than observationally similar comparison students.  
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students who grew up in socioeconomically disadvantaged households was achieved at a low 

or possibly negative cost to taxpayers as a result of the extra payroll taxes levied from increased 

formal sector incomes, implying a potentially infinite marginal value of public funds (Hendren 

and Sprung-Keyser 2020). Moreover, we demonstrate that the PACES voucher program is 

welfare improving unless there are large, negative externalities.  

Our third novel contribution is to explore possible mechanisms, beyond Bettinger, 

Kremer and Saavedra (2010). We suggest possible pathways of how vouchers work by 

exploring mechanisms at play in the PACES voucher program. The voucher literature has 

traditionally focused on how parental choice and competition among schools affect student 

outcomes (e.g., Friedman 1962). However, an alternative mechanism is through product market 

differentiation in which vouchers allow parents and students access to 	 	 	 	 	 differentiated 

educational products. Unlike academic schools, which offer a uniform curriculum, vocational 

schools are 	 	 	 	 	differentiated. An advantage of offering a differentiated product through the 

private sector is that, unlike the public sector, it can more easily adjust to the changing demands 

of the labor market. This is particularly so in educational settings, since public sector teachers 

in most countries have lifetime tenure, making it difficult to adjust the curricular content of 

public vocational school offerings.  

The potential to adapt quickly to the changing demand for skills in the labor market 

depends on a school’s ability to change curriculum and, more importantly, select qualified 

teachers. In earlier work Bettinger, Kremer, and Saavedra (2010) found that private schools in 

Colombia can change faculty more readily than public schools. Whereas public vocational 

schools are substantially more likely to have a specialized teacher for industrial teaching – a 

declining labor-share sector in the Colombian economy, private vocational schools are 
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substantially more likely than public vocational ones to have a specialized instructor teaching 

commercial skills – a growing labor-share sector (Bettinger, Kremer, and Saavedra 2010). 

Therefore, if private sector product differentiation is a mechanism at play in the PACES 

voucher program, we might expect the impacts to be greater among private schools where 

differentiation from traditional public offerings is most apparent.   

We provide three pieces of evidence consistent with the 	 	 	 	 	product differentiation 

mechanism. First, private vocational schools are more product differentiated compared to 

public vocational schools than private academic schools are relative to public academic schools. 

For example, among applicants who, prior to the lottery, had applied to private vocational 

secondary schools, voucher winners attend schools with a larger share of students in 

commercial or technological tracks, that offer private-sector internships and offer extended 

schedules for students with learning disabilities, amongst others. In contrast, among applicants 

who, prior to the lottery, had applied to private academic secondary schools we find no such 

differences, consistent with a uniform product among schools with an academic curriculum. 

Second, consistent with the product differentiation mechanism, in the “vocational lottery 

applicants” subpopulation voucher impacts on tertiary education outcomes are entirely driven 

by applicants who, prior to the lottery, had applied to private vocational secondary schools. In 

this “vocational lottery applicants” subpopulation, lottery winners are about 7 percentage points 

more likely to attend tertiary education, whereas among applicants to academic schools winning 

the lottery does not affect tertiary education attendance. Vocational lottery winners also have 

17 percent greater formal sector earnings by age 33 than vocational lottery losers.  By contrast, 

we see no voucher impact on formal earnings among academic school applicants. Winning the 

lottery does not increase the probability of working in the formal sector nor the number of 
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formal-sector days worked per year, so there is no evidence that beneficiaries moved from the 

informal to the formal sector. Impacts on consumer credit access are also entirely driven by the 

voucher effects among vocational applicants. These long-term voucher impacts among 

vocational students suggest that gains from vocational training achieved in the early years after 

graduation are not necessarily offset by a worsening of later-life employment opportunities. 

The third piece of evidence in support of the product differentiation hypothesis is that 

within the vocational subpopulation, product differentiation is responsible for greater voucher 

treatment effects on applicants’ adult earnings. Specifically, we show that within the vocational 

subpopulation, vocational voucher impacts on adult earnings gains are significantly greater for 

applicants who pursued a commercial curriculum or who had opportunity to benefit from 

private sector internships. 

In addition to shedding light on the role of product differentiation as a possible 

mechanism of impact, we also rule out some alternative pathways. For example, among 

vocational applicants, lottery winners attend schools with peers who are less desirable on 

observables than the schools attended by losers, casting doubt on the role of peer quality as a 

driving mechanism (Bettinger, Kremer, and Saavedra 2010; Hsieh and Urquiola 2008).  It is 

also unlikely that our findings are driven by differences in school quality, or by schools gaming 

the system by lowering standards for grade progression given the strong gains at the tertiary 

education level and the labor market, particularly among vocational applicants.  

Besides the educational voucher literature, this paper builds on other threads of research 

including the long-term consequences of educational interventions,3 the economic returns to 

	
3 For example, Kemple (2004); Chetty, Friedman, Hilger, Saez, Schanzenbach and Yagan (2011); Deming, 
Hastings, Kane and Staiger (2014); Dynarski, Hyman and Schanzenbach (2013); Cowen, Fleming, Witte, Wolf 
and Kisida (2012). 
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interventions that target socially disadvantaged children,4 the impact of vocational education,5 

the effects of education on fertility,6 and recent developments in public finance employing 

reduced form causal estimates of labor-market behavioral responses to policy to measure 

welfare changes.7 Most specifically, our paper builds on Angrist et al. (2002, 2006) and 

Bettinger, Kremer, and Saavedra (2010), which examine the impact of PACES on secondary 

school outcomes. 

The rest of the paper is organized as follows: Section II provides background on the 

Colombia education system and the PACES program. Section III discusses data, empirical 

strategy, and the framework we use for welfare analysis. Section IV discusses voucher impacts 

on secondary education and teen fertility					 outcomes. Section V discusses tertiary education					 

outcomes. Section VI discusses the impact of vouchers on economic outcomes in adulthood					. 

Section VII discusses welfare. Section VIII concludes. 

II. BACKGROUND 

II.A Colombia’s Educational Context 

The setting for our study is Colombia secondary schools.  Secondary schools run from 

grades 6-11 with mandatory attendance through grade 9. Children typically enter secondary 

school at age 12 or 13 with on-time graduation typically occurring around age 18.  In 1995, 37 

	
4 Some argue that interventions that target socially disadvantaged children have highest returns early in the life 
cycle, during key child-development windows (Cunha, Heckman, Lochner and Masterov 2006; Heckman and 
Masterov 2007; Heckman 2008).  A stronger claim is that interventions in the teen years are doomed to have small 
impacts. Our findings demonstrate that secondary schooling interventions that target disadvantaged children have 
the potential to increase earnings and promote social mobility. 
5 For example, Card et al. (2011); Newton et al. (2016); Attanasio, Kugler and Meghir (2011); Attanasio et al. 
(2017); Hanushek et al. (2017); Field et al. (2019); Kugler et al. (2022).  
6 In developing countries, in particular, several studies find a strong causal relationship between educational 
subsidies and teen fertility (e.g., Breierova and Duflo 2004; Cortés, Gallego, and Maldonado 2016; Duflo, Dupas, 
and Kremer 2015, 2017). 
7 See, for example, Hendren (2016) and Baird, Hicks, Kremer, and Miguel (2016). 
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percent of secondary school students in Colombia attended a private school at the time the 

PACES voucher program was put in place; in Bogota, the focus of our study, 58 percent of 

students did so (Angrist et al. 2002).   

Most secondary schools are academic and traditionally prepare students for five-year 

universities (which few in our sample will attend).  Others are vocational. In the last two grades 

of secondary school, vocational schools prepare students for admission into vocational colleges 

or for direct participation in the labor market. This involves specialized curricula in commercial, 

industrial, agrarian, or pedagogical domains.  

Within the category of vocational schools, public schools are more likely to teach 

industrial as opposed to commercial subjects. Among public vocational schools in our sample, 

25 percent have an industrial curriculum and 62 percent have a commercial curriculum, whereas 

among private vocational schools only four percent have an industrial curriculum and 92 

percent have a commercial focus (Bettinger, Kremer, and Saavedra 2010).   

II.B The PACES Voucher Program 

The Colombian government introduced the PACES voucher program in 1992 with the 

goal of increasing secondary school enrollment rates among disadvantaged students. The 

program tapped excess capacity in urban private schools by providing vouchers for private 

secondary schooling among applicants from public elementary schools who resided in the poor 

neighborhoods of Colombia’s major cities (King et al. 1997).8  

	
8 Colombia divides its population into six income strata based on neighborhood of residence. To be eligible, 
applicants had to reside in neighborhoods in the bottom two strata (1 and 2). In 1997, 55% of Colombia’s 
population and 49% of the population in Bogota resided in strata 1 and 2 neighborhoods.   
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Participating private schools served lower-income students and charged lower tuition 

fees than other urban private schools that chose not to participate. Teacher-pupil ratios were 

comparable between all public and participating private schools (King et al. 1997). While 

initially the voucher covered most tuition fees, the government did not increase its monetary 

value to keep pace with inflation. By 1998, 52 percent of lottery losers in the sample (97 percent 

of which were attending private school) attended schools in which tuition was lower than the 

voucher amount. Among the 48% of students in the sample paying at least the voucher amount, 

the average student paid about twice that amount in school fees. Voucher lottery winners in this 

upper half of the fee distribution paid between 5 and 10 percent more in fees than they otherwise 

would have, suggesting that winning the voucher may have led some households to choose 

more expensive private schools (Angrist et al. 2002). 

Within localities and application cohorts, PACES assigned the vouchers to individual 

students by simple (i.e., unstratified) lottery when the number of students applying for the 

vouchers exceeded the number of vouchers available in their city and year of application. Local 

educational officials conducted the voucher lotteries. The largest and longest-running voucher 

program was in Bogota. Following Angrist et al. (2002, 2006), we limit our analysis to 

individuals who applied in 1994 to enter, by lottery, a private school in sixth grade in Bogota 

in 1995.9  This lottery and its records are the most complete and accurate of any of the voucher 

lotteries conducted in Colombia between 1992 and 1997.10 In one check on randomness of the 

	
9 Bogota was chosen because the data were available and because the lottery passes basic randomization checks. 
10 PACES was implemented in 216 municipalities in 1994-1995 (King et al. 1997). Our results from the Bogota 
sample may not necessarily be representative of those in other municipalities if, for example, attending any type 
of school in Bogota provides students with a wider social network, facilitates access to higher-paid city jobs, or 
enables private vocational schools to have access to improved resources and information to better adapt instruction 
to needs of the local labor market.	
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Bogota 1995 lottery, Angrist et al. (2002) show that in this lottery win rates by school in schools 

with more than 20 applicants do not differ significantly to the city average. Below we provide 

two additional checks that further support valid randomization for the Bogota 1995 lottery.  

To apply for an award, students needed to have applied to and been conditionally 

accepted by a participating private school before enrolling in the PACES program, and before 

the lottery. Applications to academic and vocational schools happened before the lottery, and 

as such, are not endogenous to the treatment. This enables us to separate voucher lottery 

applicants by the type of school (academic or vocational) they had applied to prior to the lottery. 

Less than 20 percent of students that transferred after the first year were able to retain their 

vouchers leading to considerable stickiness in schools attended by voucher winners (Bettinger, 

Kremer, and Saavedra 2010). Among applicants who applied to vocational private schools, 

voucher lottery winners were more likely to stay in vocational schools whereas applicants who 

did not win a voucher were more likely to attend academic schools (Table I). 	

Vocational private schools were overrepresented among participating private schools. 

Applicants to vocational schools differed systematically from other applicants. On average their 

parents are less educated, they live in poorer neighborhoods, and they applied to schools with 

lower average scores on college entrance exams (Bettinger, Kremer, and Saavedra 2010).   

III. DATA, WELFARE ANALYSIS FRAMEWORK, AND EMPIRICAL STRATEGY 

III.A Data 

Our baseline data come from the PACES applications. Covariates available from the 

PACES application include age, gender, whether the applicant had a phone at the time of 

application, and the school to which the student applied. Bettinger, Kremer, and Saavedra 

(2010) matched 93 percent of applicant school names in the Bogota 1995 lottery to school types 
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(vocational or academic) using data from the	Instituto Colombiano para la Evaluación de la 

Educación Superior (ICFES) secondary graduation database, which we describe below. In the 

1995 voucher lottery, 44 percent of lottery participants applied to a private vocational secondary 

school, with no difference by lottery status (Table II).  In contrast, in 1995 only 16 percent of 

secondary school graduates in Bogota attended vocational schools.11 

In general, application covariates are balanced across lottery winners and losers in the 

full sample and separately by type of school applied to, except for age (Panel A, Table II).  

Lottery winners are 0.086 years younger than losers	in the full sample, (p-value=0.062) and 

0.14 years younger among vocational school applicants (p-value=0.034) (column 7, Table II).  

With Bonferroni adjustment for multiple hypotheses, these differences lose significance. 

While prior analyses concluded that this age difference was inconsequential (e.g., 

Angrist et al. 2002), machine learning allows us to examine the pattern of differences more 

thoroughly to test if assignment was indeed random.  To do so, we use a modified strategy from 

Ludwig, Mullainathan, and Spiess (2017).  We use our data to train a random forest classifier 

to predict treatment status from covariates.  We then use cross-validation to estimate the 

accuracy of the machine learning predictions.  If assignment is truly random, it should not be 

predictable from covariates at all. We, therefore, permute treatment assignments to simulate a 

random assignment and repeat this process multiple times.  This allows us to compare the 

distribution of potentially observed prediction accuracies to the actual prediction accuracy that 

	
11 The Bogota 95 sample contains 4,044 observations, and we impose two restrictions on for analysis: the first, as 
in Angrist et al. (2002) and Angrist, Bettinger, and Kremer (2006) is to limit to applicants with valid age, and the 
other is to have information on their type of school (academic, vocational) at application. After imposing these 
two restrictions we are left with a sample of 3,413 applicants (full sample). All the results for the full sample are 
robust to the inclusion of applicants without school type information (3,661 applicants). 
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we observe.  In our case, this exercise produces a p-value of 0.9 for the pattern of observed 

differences across all covariates suggesting that randomization was indeed valid.12 

While our analysis gives us some assurance that the randomization was valid, we present 

our results with controls for age, gender, and having a phone.  As we document later, results 

are robust to alternative age specifications as well as to excluding application controls.  

We match the Bogota 1995 lottery data to five administrative data sources. In the 

voucher applicant list, all applicants report their full names (typically two first names, two last 

names) and 96.6 percent report a valid youth national identification number. There is no 

difference by lottery status in the probability of having a valid youth identifier in the full sample 

or separately by type of school applied to (Panel B, Table II). 

Tracking long-run outcomes in some datasets relies on having students’ adult national 

identification numbers (similar to the social security number used in the US), which citizens 

obtain when they turn 18 years old. In our sample, 97.9 percent of applicants have a valid adult 

identification number, with no difference in the likelihood of having an adult identification 

number by win-loss status among all applicants or separately by type of school applied to (Panel 

B, Table II).13 We match PACES applicants to five individual-level national administrative 

datasets to demonstrate impacts across a range of outcomes: 

1.  The 2001-2007 ICFES secondary school graduation/tertiary education entry exam 

database. Students attending grade 11 take the ICFES exam, and ICFES scores are the primary 

admission criteria in Colombia’s tertiary education institutions.  While it is not a binding 

	
12 Appendix Figures A1 and A2 plot the p-values from simulations of the predictability of treatment status on 
basic covariates for the full and vocational samples.     
13 Youth and adult identification numbers were linked using administrative data from Colombia’s national 
registrar’s office and the Department of National Planning.  
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graduation requirement, most schools enforce test taking and, in practice, over 95 percent of 

students take the test (ICFES 2013), making it a good proxy for secondary school completion. 

We update and improve the prior match conducted by Angrist, Bettinger, and Kremer (2006) 

by including improved match criteria and extending the match to cover up to seven years after 

on-time graduation.   

2. The 2001-2012 (1st semester) Colombia’s Education Ministry’s tertiary education 

database, Sistema de Prevención y Análisis de la Deserción en Instituciones de Educación 

Superior (SPADIES). It is an individual-level panel dataset that tracks close to 95 percent of 

tertiary education students from their first year to their degree receipt. It includes information 

on the timing and institution of students’ tertiary enrollment and its characteristics.  

  3. Colombia’s Social Protection Ministry’s 2008-2014 Sistema Integral de 

Información de la Protección Social (SISPRO). It is an individual-level panel dataset that 

provides information on formal sector earnings and tax payments.14  It contains information on 

contributions to government social programs for health, professional risks insurance, and 

retirement.  SISPRO only began to cover the universe of formal sector workers in 2008, eight 

years after on-time secondary school completion of voucher applicants in the Bogota 1995 

sample.15 On average, voucher applicants would have been around 33 years old in 2014.  

	
14 The SISPRO database only includes people who worked for employers that register their workers or self-
employed workers who register themselves. In Colombia and in Bogota, respectively 50 percent and 55 percent of 
employment is formally registered (Secretaría de Desarrollo Económico de Bogota 2012).  
15 We compute annual formal sector earnings by adding inflation-adjusted monthly formal sector earnings during 
the period covered by our formal employment data (July 2008 to December 2014 or 78 months) including zeroes 
for months without reported formal sector earnings and dividing by the 6.5 years of coverage to get an annual 
average (Table VIII).  Since 19 percent of applicants never appear on formal employment records during this 
period, total formal earnings for them are zero. We report results based on formal earnings reported in health 
payroll accounts.  Results are very similar if we use instead earnings from the pension payroll account. 
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4. Colombia’s Superintendencia Financiera formal credit census from 2004 to 2014, 

ten to 20 years after the lottery and four to 14 years after on-time secondary school completion 

of voucher applicants in the Bogota 1995 sample. We focus on two indicators of access to 

middle class consumption, namely access to credit card and car loans. We also analyze 

individual credit risk, as measured by interest rates charged on loans. 

5. The 2010 Sistema de Identificación de Potenciales Beneficiarios de Programas 

Sociales (SISBEN) Household Census. SISBEN collects data on household’s covariates used 

to build an index of quality of life that is used to determine eligibility for various transfer 

programs.16 Unlike the other administrative datasets that have national coverage, the SISBEN 

census surveys only residents from neighborhoods classified in the two lowest socioeconomic 

strata. For this reason, SISBEN 2010 covers only 57 percent of households in all of Colombia 

and 39 percent of households in Bogota.  We use information on the probability of appearing 

in the SISBEN 2010 census as a proxy for long-term housing quality. Given that the SISBEN 

score determines eligibility for government subsidy programs, we estimate voucher impacts on 

the probability of receiving Familias en Acción conditional cash transfers and on the probability 

of being eligible to receive benefits from the other three largest government subsidy programs 

available for urban households: the two tiers of subsidized health care and early childhood care. 

Since being surveyed and scored by the SISBEN formula is a requirement for government 

	
16 These subsidies include early childhood care (primera infancia), health care (régimen subsidiado en salud), 
tertiary education loan subsidies (crédito ACCESS), conditional cash transfers (familias en acción) and elderly 
care (protección social al adulto mayor) subsidies.  For the healthcare subsidy the only eligibility criterion is 
SISBEN scores.  Eligibility for the remaining subsidies requires additional demographic conditions such as having 
age-appropriate children, being admitted or attending tertiary education or living with an elderly relative. We 
observe eligibility for these subsidies but not actual subsidy receipt. We define Familias en Acción receipt as 
whether applicants’ SISBEN score is at or below the eligibility cutoff and whether they have children between 0 
and 17 years of age.  Take up of subsidized health care is nearly one hundred percent among eligible families so 
for subsidized health care eligibility and receipt is almost identical. 
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subsidy eligibility, the outcome of eligibility for various government programs is well defined 

for the entire population of voucher applicants because those who do not appear in the census 

are not eligible. However, we are interested in two additional outcomes from the SISBEN 

survey, namely, teen fertility and self-reported earnings. Since these outcomes are not defined 

for the full voucher applicant sample, we analyze them using a bounding approach described in 

subsection III.C. 

We also match the Bogota 1995 lottery data to data from a survey of schools in the 

voucher sample conducted by Bettinger, Kremer and Saavedra (2010). The survey includes 

information on school resources and curricula.   

III.B Welfare Analysis Framework 

We use a simple framework for understanding the fiscal and welfare impacts of the 

PACES program.  The welfare impact of the PACES program B is the sum of impacts on 

students who received vouchers (Bs), on taxpayers (Bt), and on others (Bo):  

B = Bs+ Bt + Bo. 

We separately estimate impacts on participants (Bs) and taxpayers (Bt), allowing us to determine 

how large negative externalities (Bo) would need to be in order to change welfare conclusions. 

 One approach to assessing welfare impacts on participants (Bs) is to measure the net 

present value of extra earnings, net of increased household school expenditures, increased 

public expenditure on education, and foregone earnings. Household school expenditures accrue 

in the short run while earnings accrue in the long run. This calculation will be a lower bound 

on welfare gains if the non-financial utility gains are positive. Second, we can also use a 

revealed-preference methodology to estimate an even more conservative lower bound on the 

welfare impact on participants, in which financial benefits are fully offset by increased effort 
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costs of attending private school among those induced to attend private school by PACES, so 

the only benefits to participants consisted of the financial transfer to those infra-marginal 

applicants who would have gone to private school in the absence of the program. (This is a 

worst-case analysis by revealed preference since lottery winners always had the option of 

turning down the voucher.)17 

 For taxpayers, the welfare impact (Bt) is the net present value of additional future tax 

revenues due to the program minus the fiscal cost of the program and of any additional 

expenditure it induced, for example, on publicly funded tertiary education or on social 

assistance government transfers. Fiscal costs of the program primarily accrue in the short run 

while fiscal revenue accrues in the long run. The key outcome to estimate this is the additional 

contribution of participants to government revenue through increased payroll taxes, which are 

only levied on formal sector employment and which we observe for the universe of applicants 

through administrative social security records.   

 Besides the impacts on participants and taxpayers, there may be other externalities (Bo) 

that may influence welfare calculations. For example, the program could have created negative 

externalities from peer effects in public schools, or from displacement or job rationing effects 

in formal labor markets. We do not attempt to quantify these externalities directly.  Instead, we 

calculate how large they would have to be to offset the impacts we find elsewhere.  

The design of the PACES program and the Colombian context included several features 

that likely reduced its fiscal cost. First, vouchers cost less than per pupil expenditure in public 

schools. Second, vouchers could be augmented with household funds. To the extent that the 

	
17 One limitation of this revealed preference approach is that it neglects other non-financial utility consequences 
of winning a voucher, many of which are plausibly positive (e.g., lower risks of teen pregnancy), but some may 
be costly in welfare terms (e.g., greater effort in secondary school.) 
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program "crowded in" household funds for education, increasing winners’ human capital and 

future taxable earnings, the government’s fiscal position improves. Allowing “top-ups” also 

avoids creating incentives for some families to trade down from higher cost private schools to 

private schools with fees at or below the value of the voucher, which could have reduced human 

capital accumulation and future taxable income. Third, the program conditioned voucher 

retention in subsequent years on satisfactory grade completion, creating an incentive for 

students to complete grades.  Indeed, we find that on-time secondary graduation increased and 

grade repetition fell as a result of the voucher offers.  To the extent that reduced repetition led 

to fewer years of schooling taking place in public schools, public expenditure in education fell. 

Fourth, vouchers were targeted to students residing in low-income neighborhoods and targeting 

was further enhanced by restricting vouchers to students who attended public primary schools.  

Even though Colombia’s neighborhood stratification system is imperfect and prone to both 

inclusion and exclusion errors, targeting the voucher potentially reduces the extent to which the 

program simply subsidized students who would have gone to private school anyway.  

III.C Empirical Strategy 

Our main empirical strategy is based on an intent-to-treat (ITT) analysis that compares 

outcomes between voucher lottery winners and losers, as follows: 

!! = # + %&! + '(! + )! 	
where !! is an outcome variable for voucher applicant i, &! is an indicator variable for whether 

applicant i was awarded a private school voucher through the lottery, (! represents baseline 

controls that include age, gender and whether the applicant had a phone number at the time of 

application, and )! is an error term. We report results for the overall sample and by the type of 

school (vocational or academic) to which they applied. 
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Some of our outcomes are conditional on other potentially endogenous outcomes.  For 

example, self-reported earnings and fertility are only observed if a person appears in the 

SISBEN.  A student only appears in the SISBEN if they live in a poor neighborhood, and lottery 

winners are less likely to appear in the SISBEN data.  To account for such conditionality, we 

construct bounds on treatment effect estimates. Assuming those winners who moved out of 

strata one and two neighborhoods due to receiving the voucher had better outcomes than those 

who remained in those neighborhoods, the raw difference between SISBEN outcomes among 

winners and losers will be a lower bound on the voucher effect. We estimate an upper bound 

by trimming the corresponding proportion among losers (Angrist, Bettinger, and Kremer, 

2006). 

IV. VOUCHER IMPACTS ON SECONDARY EDUCATION AND TEEN FERTILITY 					 

IV.A Secondary Education Completion Outcomes 

Voucher lottery winners are 16 percent (7.6 percentage points) more likely to complete 

secondary school on time relative to losers’ on-schedule completion rate of 46.3 percent (					

Table III).18 Point estimates of voucher effects are slightly larger (both in percent and 

percentage point terms) among applicants to vocational schools, but differences between the 

two are not statistically significant. Voucher lottery winners are 10 percent (5. 6 percentage 

points) more likely to complete secondary school within six years after on-schedule completion 

relative to a base rate of 57.5 percent. During the six years following on-schedule completion, 

	
18 We define on-schedule secondary school completion as having taken the tertiary education entry test no later 
than six years after applying for the voucher, by 2001. With our updated matching strategy including adult 
identification numbers, we obtain substantially higher match rates than Angrist et al. (2006). Impact estimates in 
percentage points are similar.   
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the difference between the proportion of voucher lottery winners and losers who have 

completed secondary school declines with each year. 

As discussed in Angrist et al. (2002), voucher winners were not only more likely to 

attend private schools, but also traded up to more expensive private schools and paid less out 

of pocket for school fees than losers.  In Appendix Table A1, we show that the pattern observed 

by Angrist et al. (2002) also occurs among academic and vocational applicants respectively.  In 

both cases, voucher winners pay more in gross fees but less out-of-pocket fees.  There is no 

difference in the extent to which each subsample “trades up” to more expensive schools. 

Similarly, Bettinger, Kremer and Saavedra (2010) find that voucher students had higher scores 

on the ICFES exam at the end of secondary, without differences between vocational and 

academic subsample. To the extent that fees and scores measure school quality, these results 

suggest that improvements in school quality for voucher students in vocational schools are of 

similar magnitude to those in academic schools, casting doubt on school quality as the sole 

driver of differences in voucher impacts across vocational and academic students.  

IV.B Fertility 

Fertility is only observed for applicants in the SISBEN 2010 data. Since voucher 

winners have a lower likelihood of appearing in SISBEN 2010 data, estimated effects 

conditional on SISBEN appearance will be a lower bound on the true effect on teen fertility if 

winners who moved out of the two lowest neighborhoods covered by SISBEN because of 

winning the voucher have a lower chance of being teenage parents than lottery winners who 

remained in neighborhoods covered by SISBEN. We can compute upper bound estimates on 

fertility by trimming the 6 percent of lottery losers with the lowest fertility. As discussed below, 

bounds on fertility effects of winning a voucher are tight.   
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Voucher winners are between 19 and 22 percent (4.6 to 5.0 percentage points) less likely 

to have a child during their teenage years relative to the lottery losers’ (untrimmed) mean of 

23.3 percent (Table IV).  Among females, winning a voucher reduces teen motherhood by 

between 19 and 22 percent (between 7.3 and 8.0 percentage points) relative to a base of 37.1 

percent.  Male lottery winners are between 29 and 32 percent (between 4.6 and 5.0 percentage 

points) less likely to have a spouse or partner who had a child as a teenager relative to a base 

rate of 15.7 percent (Panel C, Table IV)19  These effects are concentrated among applicants to 

academic schools (Columns 4 and 6, Table IV), suggesting that mechanisms may be quite 

different than those driving the effects on tertiary education and on the upper end of formal 

earnings and consumption. 

The reduction in teen fertility could be the result of a “delay” effect by which winners 

stay in school longer and, or it could be an opportunity cost effect by which additional human 

capital increases wages, making time more valuable and reducing desired fertility.  If the former 

is the driving mechanism, we might not observe voucher impacts on total fertility because there 

may be catch up fertility once schooling is completed.  In contrast, if the driving mechanism is 

opportunity cost, we should observe an effect on total fertility. 

In fact, we cannot reject that winning a voucher had no impact on total fertility since 

both lower and upper bound estimates include zero. At the time of SISBEN 2010, in which 

applicants are about twenty-eight years old, the average voucher lottery loser has one child. 

Lower and upper bound estimates of the effect of winning a voucher on total fertility are 

somewhat imprecisely estimated, however. For example, the lower bound of the 95% 

	
19 The incidence of teen fatherhood of male’s partners is low in our data because males are 
older than their partners.   
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confidence interval suggests that for every ten applicants, one of them had one less child. With 

this caveat in mind, the pattern of results is consistent with the hypothesis that winning a 

voucher reduces teen fertility by keeping students in secondary school longer rather than 

permanently increasing the opportunity cost of time.  An additional caveat is that impacts on 

total fertility may show up later, so fertility gaps may appear later. However, delaying fertility 

has implications for welfare, since it is possible that taxpayers benefit early on from reduced 

costs associated with teen fertility (Parada-Baños 2005). 

V. VOUCHER IMPACTS ON TERTIARY EDUCATION OUTCOMES 

					V.A					 Tertiary Education Outcomes 

Effects on tertiary education outcomes are concentrated among students who applied to 

vocational schools. In this population, the base rate of ever enrollment in tertiary education is 

19 percent and this increases by 7 percentage points (37 percent) among voucher lottery winners 

(Panel A					, Table V					). The difference in the impact of vouchers between vocational and 

academic applicants on the probability of ever enrolling in tertiary education is statistically 

significant (Panel A					, Column 7, Table V					). Within the vocational group, the effects are 

particularly driven by males, for whom there is a 10 percentage-point gain in the likelihood of 

ever enrolling in tertiary education on a base of approximately 16 percent (see Table A2). 

Among vocational school applicants, there is also evidence of gains in tertiary 

graduation rates and in total years of tertiary education.20  Vocational voucher winners are 2.4 

percentage points more likely to graduate from tertiary education from a base rate of 4.9 percent 

among vocational voucher losers.  In this population, winners complete 0.19 additional years 

	
20 Tertiary graduation and tertiary years of schooling are defined as zero for those who never enroll.   
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of tertiary education, which corresponds to a 45 percent increase relative to the base rate of 0.42 

years among losers. The difference in voucher impact on tertiary graduation and years of 

education between academic and vocational applicants is statistically significant (Column 7, 

Table V					). 

Among applicants to academic secondary schools, there is no evidence that vouchers 

increase the rate of ever enrolling in tertiary education.  There is evidence, however, that among 

academic school applicants, voucher winners were more likely to be enrolled as of 2012—our 

last year of tertiary education data—by approximately 3 percentage points on a base of 3 

percent. This is also true to a lesser extent among vocational applicants, and we cannot reject 

equality across academic and vocational samples (Column 7, Panel A					, Table V					).  

Overall, winning a voucher increases educational attainment, as measured by years of 

formal schooling by 0.145 years on a base of 10.43 years (Panel B					, Table V					). This increase 

is entirely driven by vocational school applicants, among whom winning a voucher increases 

years of schooling by 0.27 years from a base of 10.46 years. We reject equality across academic 

and vocational samples in the effect of the voucher on completed years of schooling (Column 

7, Panel B					, Table V					). 

VI. VOUCHER IMPACTS ON 					ECONOMIC OUTCOMES IN ADULTHOOD 

VI.A Formal-Sector Participation, Intensity and Earnings 

There are no significant differences between lottery winners and losers in time spent in 

formal employment, on a per year basis, on either the intensive or extensive margin.  Eighty 

percent of voucher lottery losers appear in the SISPRO government records as having been in 

formal sector employment sometime between 2008 and 2014. Point estimates suggest that 

lottery winners are about two percent (1.4 percentage points) more likely to appear in formal 
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employment records during this period. However, this difference is not statistically significant 

(Top Row, Table VI	 	 	 	 	 ).  Extensive formal employment rates do not systematically differ 

between winners and losers in the full applicant sample or separately by vocational/academic 

school application status (Table A3).  Similarly, we find no differences in the intensity of formal 

labor market involvement as measured by time spent in formal employment. On average 

voucher lottery losers participated in the formal sector for 5.58 months/year in 2008-2014 (3rd 

row, Table VI					). Voucher lottery winners participated roughly one-fourth of a month more; 

however, this difference is not significant.  The point estimates are virtually identical across the 

academic and vocational samples. 

In the full sample, the voucher lowered the age of first formal sector job, by 0.24 years, 

relative to the mean entry age among lottery losers of 27.8 years. Among applicants to 

vocational schools, winning a voucher increased potential experience by 0.26 years, relative to 

the mean entry age in formal employment among vocational lottery losers of 27.7 years.21 

Accordingly, total formal sector experience increased by 0.13 years relative to the loser’s mean 

of 3 years of total formal sector experience, even though the difference is statistically 

insignificant. We cannot reject the null hypothesis that the effect on potential experience, or 

that the effect of total formal experience is equal across vocational and academic applicants.  

Current annual formal earnings for voucher lottery losers are, on average, $2,508 

(including zeros). Voucher lottery winners earn an additional $210 in formal annual earnings, 

an 8 percent increase (Table VI					).  The p-value on this difference is 0.056. 

	
21	In theory, academic schools prepare students for traditional 5-year universities, while vocational schools do so 
for vocational colleges (2-3 years of duration). This would imply that vocational applicants enter the market earlier 
than academic applicants. However, the labor market entry age among lottery losers is very similar, on average, 
across academic and vocational applicants (27.9 years vs. 27.6 years). This is due to, in practice, very similar years 
of schooling and years of tertiary education completed by lottery losers, on average, across academic and 
vocational applicants (Table 3). 
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Earning effects are driven by those who applied to vocational schools. Current annual 

formal earnings for voucher lottery losers who applied to vocational schools are, on average, 

$2,568 (including zeros). Among applicants to vocational schools, voucher lottery winners’ 

formal annual earnings are $427 higher, a 17 percent increase (column 6, Table VI					). The 

difference in this measure between applicants to vocational and academic schools has a p-value 

of 0.08 (Column 7, Table VI					). The effects among vocational school applicants are particularly 

strong for males. Male lottery winners earn $535.3 more per year, a 20 percent increase. For 

males, the voucher impact difference across academic and vocational applicants for annual 

formal earnings has a p-value of 0.07 (Panel B, Column 7, Table A4). These results are robust 

to alternative approaches to controlling for age as well as to excluding application controls 

(Table A5).22	

As discussed further below, much of the effect of the voucher seems to be not in 

improving outcomes at the bottom of the distribution, but in increasing the odds that winners 

	
22	This analysis may understate formal earnings’ voucher impacts to the extent that, in the full sample, lottery 
winners are about two percentage points more likely to be enrolled in tertiary education in 2012—our last year of 
tertiary education data, which overlaps with the period of formal sector earnings data.  This may limit winners’ 
current earnings while increasing their future earnings. To bound what the future earnings difference is likely to 
be between winners and losers once the former complete tertiary education, we can assume that in the absence of 
a voucher, earnings of applicants who attend and complete tertiary education are at the top of the earnings 
distribution.  Under this assumption, we can bound the estimate for the effect of winning a voucher on future 
earnings by trimming the top two to three percent of formal earners in the voucher loser group.  Table A6 shows 
results for this bounding approach. An upper bound estimate on voucher lottery winners’ differential future 
earnings is $1,010, a 60 percent increase relative to the loser’s mean (Column 2, Panel A, Table A6).  Among 
academic applicants the bound on the voucher effect on future winner earnings is $851, a 53 percent increase 
(Column 4, Panel A, Table A6). Among vocational applicants the bound on the voucher effect on future winner 
earnings is $1,196, a 67 percent increase (Column 6, Panel A, Table A6). Note that the percent of top-earning 
voucher losers trimmed in Table A6 are slightly different to the effects estimated in Table III row 6, since in Table 
A6 we had to restrict the population to those with valid adult national identification number in order to match them 
to the employment records. An alternative assumption, which to us seems conservative, is that future earnings of 
lottery winners still enrolled in tertiary education would be equal to the current average earnings of lottery losers 
who obtained some tertiary education but are no longer enrolled in tertiary education. Under this assumption, 
lottery winners’ future earnings will exceed those of losers by $221, for a 9 percent increase (Column 2, Panel A, 
Table A7).  Among vocational applicants, under this assumption the voucher effect on future winner earnings is 
$443.4, a 17 percent increase (Column 6, Panel A, Table A7). 
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make it into the middle-class. In Colombia, the threshold for being considered middle-class is 

PPP$10/day (PPP$3,600/year, Angulo et al. 2013).  Near age 33, 45 percent of voucher lottery 

losers have annual formal earnings at or above the middle-class threshold. Voucher lottery 

winners are 3.6 percentage points (8 percent) more likely than losers to have earnings at or 

above the middle-class threshold (Table VI					). If we consider people to be middle class either 

if they are earning more than PPP$10/day or if they ever enrolled in tertiary education, 51 

percent of voucher lottery losers have become middle class. Voucher lottery winners are 3.7 

percentage points (7.3 percent) more likely than losers to have entered the middle class (Table 

VI	 	 	 	 	). Among vocational applicants, voucher winners are 6 percentage points (12 percent) 

more likely than losers to have entered the middle class by age 33.  

Power is limited to look at effects by quantile, but quantile regression results suggest 

that the effects of the voucher on total formal sector earnings at age 33 are strongest at the top 

of the distribution for vocational school applicants. We see no gains at the top for applicants to 

academic schools, possibly because they are more likely to currently be enrolled in university 

(Figure I).  
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One hypothesis for the concentration of labor market effects among vocational 

applicants is that private vocational education was more responsive to the labor market and 

advanced training opportunities than public vocational education. Private schools, which enter 

and exit more quickly than public schools may adapt more rapidly to changing labor market 

needs. Among vocational schools, 92% of private schools offer a commercial curriculum, 

whereas only 62% of public schools do so (Bettinger, Kremer, Saavedra 2010). Among 

vocational school applicants, formal earnings effects are particularly strong among applicants 
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to schools with a commercial focus, and for males, we reject equality of voucher effects across 

different vocational curricula (p-value 0.06, Panel C, Table A9). 

Table VII shows voucher impacts on various outcomes from a school survey conducted 

by Bettinger, Kremer and Saavedra (2010) that further sheds light on the =	 	 	 	 	 product 

differentiation hypothesis as a potential mechanism of impact. Columns (1) through (7) of Table 

VII show that among vocational applicants, voucher winners experience more educational 

product differentiation than losers, but that there is little differentiation among academic school 

applicants. For example, among vocational applicants, voucher winners are 74 percent (10 

percentage points) more likely than losers to attend schools that provides internship 

opportunities in private sector firms. However, we do not observe such difference among 

academic applicants. Similarly, among vocational applicants, voucher winners are 51 percent 

(10 percentage points) more likely than losers to attend schools that provides internship 

opportunities in the private, public or non-governmental sector. We do not observe any such 

difference among academic applicants. Furthermore, among vocational applicants, voucher 

winners are 22 percent (4 percentage points) more likely than voucher losers to attend schools 

that provide vocational training in non-governmental training institutes, although differences 

are not statistically significant. Among academic applicants, voucher winners are less likely 

than losers to attend schools that provide vocational training in non-governmental training 

institutes. Lastly, among vocational applicants, winners are 38 percent (10 percentage points) 

more likely than losers to attend schools that have extended schedules to accommodate students 

with learning limitations (base rate is 27 percent). We do not observe such difference among 

academic applicants.  
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Moreover, Columns (8) through (10) show that within the vocational subpopulation, 

educational product differentiation along some dimensions is responsible for greater voucher 

treatment effects on applicants’ adult earnings. Specifically, vocational voucher impacts on 

adult earnings gains are significantly greater for applicants who pursued a commercial 

curriculum or who had opportunity to benefit from private sector internships. In voucher 

impacts on adult earnings are also quantitatively greater, although not statistically significant, 

among applicants in schools that provide other types of internships and job training 

opportunities in the private, public or non-government sectors. Overall, these results indicate 

that among vocational applicants, vouchers allow parents and students who want a 					

differentiated educational product to get it—at least along some observable dimensions. In the 

vocational sample, voucher winners who avail themselves of a differentiated product such as 

schools with a commercial curriculum or private-sector internships benefit in the long-run 

because these school characteristics are associated with greater earnings in adulthood. 

VI.B Informality and Self-Reported Earnings in SISBEN Data 

About 40-60% of Colombia’s labor force works in the informal sector (ILO 2014). This 

overall rate of informality is broadly consistent with our findings for the PACES sample in 

Table 					VI showing that around 80% of voucher applicants have formal employment records, 

and that the average duration of formal employment in the sample is about half a year. 

Assuming full employment this suggests that about 40% of employment among voucher 

applicants takes place in the formal sector, with no difference by lottery status.  Although we 

do not have data on informal earnings for the full sample, we can draw some inferences by 

looking at the SISBEN survey to create bounds for the impact on earnings within a 

subpopulation. SISBEN 2010 earnings are a cross-section of self-reported earnings for 2010. 
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Over two thirds of SISBEN respondents report receiving government subsidized healthcare, 

which implies that for them these total earnings are likely informal earnings.23 The SISBEN 

survey covers the two lowest socioeconomic strata neighborhoods and includes about 52 

percent of the voucher applicant population fifteen years after initial voucher award (Table 

VIII).  

Lottery winners are 6 percent (3.1 percentage points) less likely to ever appear in 

SISBEN data, indicating that fifteen years after winning the voucher they transitioned to living 

in better neighborhoods than the ones they resided in when they applied for the voucher at age 

12.24 (p-value 0.068, column 1, Table VIII). To the extent that the approximately 6 percent of 

winners who moved out of the low-income SISBEN neighborhoods due to winning a voucher 

had better outcomes than those who remained in neighborhoods covered by SISBEN, the win-

loss contrast will be a lower bound. As explained in the methods section, we can estimate an 

upper bound by trimming the top 6 percent of earners among losers and estimating the 

coefficient on voucher status from a linear regression in the trimmed sample. 

Table IX					 reports bounds on the voucher effect on self-reported total annual earnings 

from the SISBEN census of the poor. The upper bound is $332 on a base of $2,077, and 

statistically significant. The lower bound impact on annual self-reported total earnings is 

statistically insignificant. Together with the fact that we see no statistically significant formal 

labor supply response as a result of winning a voucher, this suggests that increased formal 

earnings are not primarily the result of substitution from informal into formal employment 

	
23 In fact, losing access to government subsidized healthcare (regimen subsidiado) is a major reason discouraging 
SISBEN-eligible workers from seeking formal sector employment (Conover, Camacho and Hoyos 2014).  
24 SISBEN 2010 surveys residents in neighborhoods classified as strata 1 or 2, which are the same strata 
neighborhoods that the PACES program targeted. 
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among voucher winners. In the welfare analysis section, we explore the implications of 

substitution from informal work for the net cost of the program to taxpayers under the extremely 

conservative assumption that any increase in formal sector earnings is offset by reduced 

informal earnings, so there are no gains in VAT revenue.  

					 

VI.C					 Consumption 

Having shown the impact on earnings, we now turn our attention to consumption in 

adulthood.  We show impacts on three different types of middle-class consumption – housing, 

car purchasing, and credit card debt—as well as on consumption of necessities as proxied by 

eligibility for various categories of government welfare receipt.  The previous section showed 

that voucher winners were six percent less likely to be living in the poorest 70 percent of 

neighborhoods surveyed by SISBEN fifteen years after the lottery. Given the substantial degree 

of neighborhood segregation by income in Bogota—as evidenced by the system of 

neighborhood stratification used for utilities’ subsidies—this indicates that winning the voucher 

caused upgrades in the location of housing, and thus boosted geographic mobility. We frame 

these results as showing that voucher reception was associated with a reduction in SISBEN 

coverage for beneficiaries. 

We also find that voucher winners are more likely to own cars.  Since most people in 

Colombia use loans to buy a car (Fasecolda 2014), greater access to car loans suggests greater 

car ownership.25 Among vocational applicants, winning a voucher increases car loan access by 

2.1 percentage points, a 55-percent difference from a base of 3.8 percent (p-value 0.056, Panel 

	
25 It could also be consistent with the same number of people owning cars, but a lower proportion buying them 
outright. However, this would imply lower earnings, which is inconsistent with the earlier results that show 
winning a voucher increased earnings.  
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A, Column 6, Table X					). Within vocational applicants, male lottery winners are 5.1 percentage 

points more likely to have access to a car loan, a 142-percent increase from a base of 3.6 percent 

(Panel C, Column 6, Table X					). 

Voucher winners also have greater access to consumer credit. In addition to necessities, 

credit card consumption often represents purchases of durable goods such as appliances and 

electronics, and experiences such as travel, given the advantages that cards offer to pay for these 

goods including installments, extended warranties on products, price protection, and travel 

insurance. Voucher winners are 4.3 percentage points more likely to have ever owned a credit 

card, a 7.6 percent increase (Panel A, Column 2, Table X					).  This effect is driven by vocational 

applicants, among whom winning a voucher increases credit card access by 5.4 percentage 

points, or close to 10 percent from a base of 56 percent (Panel A, Columns 5 and 6, Table X					

).26 

Finally, we find little evidence of voucher effects on consumption of necessities in 

adulthood as proxied by changes in various categories of government welfare receipt. In the 

full sample of applicants, by type of school, or by gender, winning the voucher does not affect 

government welfare receipt of Familias en Acción, access to which has been shown to increase 

dietary diversity and food consumption (Lopez-Arana et al. 2016).  Winning the voucher also 

does not lead to changes in access to subsidized health care programs or in eligibility for early 

childhood care (Table A8). In sum, winning a voucher increases consumption of durable goods 

such as housing and cars typically associated with the middle class, likely without changes in 

	
26 Voucher winners seem to have lower credit risk, according to bounding estimates on interest rates paid on loans. 
Estimates of these bounds are negative in the full sample and in the sample of vocational applicants, particularly 
male applicants, suggesting that in these subpopulations, voucher winners unambiguously have lower credit risk 
(Table A10). 
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the consumption of necessities such as food, basic healthcare and subsidized childcare. The 

absence of voucher impacts on various categories of welfare receipt indicates that increased 

middle class consumption does not come at an increased cost to taxpayers through increased 

welfare receipt. Although the impacts of winning a voucher on government welfare receipt are 

imprecisely estimated, we account for these costs to the government, as well as the uncertainty 

in the point estimates when estimating costs to taxpayers in our welfare analysis. 

																									 

VII. WELFARE IMPACTS 

Subsection VII.A discusses short-term fiscal costs and long-term fiscal benefits. 

Subsection VII.B discusses short-term participant costs and long-term participant benefits. In 

subsection VII.C, we estimate how large net negative externalities on others would need to be 

to imply that the program is not welfare improving to society.27 

VII.A Fiscal Costs and Benefits 

In the short run, fiscal costs stem from: i) costs net of savings from reduced expenditure 

on public education, ii) costs net of savings from reduced secondary school grade repetition, 

iii) increased tertiary education costs, iv) costs of government-provided welfare benefits, and 

v) foregone tax revenues due to reduced formal employment time among voucher winners to 

	
27 We quantify welfare impacts in the full sample of applicants and separately by applicants to academic and 
vocational schools and compute bootstrap confidence intervals for costs and benefits. Throughout the section, we 
make the following assumptions. The discount rate we use is 3.66 percent, the average real interest rate on new 
external government debt commitments for Colombia between 2001 and 2012 (World Development Indicators 
database). In all calculations that follow we estimate amounts per voucher winner, separately for males and 
females, which assumes that the counterfactual situation is no voucher program. Throughout the analysis, for each 
source of cost and revenue, we compute the NPVs converting into United States dollars (if not already) using the 
year-specific exchange rate (Dec. 31 of that year) between US dollars and Colombian pesos from the Colombian 
Central Bank, deflating nominal costs back to real value in base year (1995) using the US-CPI change between 
base year and incurrence of costs (or revenue), taking the present value of the cost and revenue stream.  We express 
the NPV in US dollars for the year of analysis (2013) using US-CPI change between the analysis and the base 
year.   
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the extent that they spend more time in school. Below we present estimates for, (i) and (ii), 

which are by far the largest source of government costs. Appendix C contains detailed cost 

calculations for (iii)-(v). 

Short-Term Costs Net of Savings from Private Secondary School of Attendance. To 

estimate the increased secondary school fiscal cost per winner, we first consider the impact on 

students who would have attended private school in the absence of the program, for whom the 

voucher increases public expenditure.28 We compute the six-year increase in expenditure by 

taking the annual value of the PACES vouchers ($244) and multiplying it by the proportion of 

students who would have attended private schools in grades 6 to 11 in the absence of the 

program.29  When we integrate over the usage patterns, we estimate that public expenditure 

increased by $507 among all applicants ($532 for academic school applicants and $481 for 

vocational school applicants) as a result of the awarding of private school vouchers to 

students who would have attended private schools regardless of the voucher program (Row 3 

of Table XI). 

The voucher, however, also induced some who would have attended public school to 

instead attend private school.  The voucher’s value ($244) was considerably lower than the 

	
28 For example, a substantial proportion (89.4 percent) of lottery losers attended private school in sixth grade.  
While the government did not have to pay for the fees of the lottery losers, it did have to pay for the voucher value 
for students who won the lottery. This cost decreases over time because the proportion of applicants who attended 
private school among lottery losers quickly deteriorated (55.3 percent by 8th grade).   
29 Among lottery winners, not all private school attendees continued to use the voucher through secondary 
graduation. By 8th grade, 48.5 percent of lottery winners who were attending private school were not using the 
voucher. These students may have repeated grades, transferred schools, or voluntarily given up the voucher. After 
8th grade, we have no data on voucher usage.  From prior data, we know that 55.3 percent of lottery losers were 
attending private school in 8th grade (Table A1) and our own calculations indicate that 35 percent of them finished 
11th grade in private school. We assume a constant (linear) deterioration from 8th grade to 11th grade in the fraction 
of losers attending private school, which we obtained from the ICFES dataset from the type of school at the time 
of taking the ICFES exam. This implies an approximated 40 percent relative reduction in the fraction attending 
private school, and we assume that deterioration in voucher usage among winners follows a similar 40 percent 
decline from the 8th grade level until graduation. 
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annual cost of public school ($535). Assuming that the marginal cost of public education equals 

the average cost for each student who moved from public to private school, the government 

saved $291 per year.30  To figure out the net impact on overall costs, we multiply these cost 

savings by the proportion of students who attended private schools as a result of the voucher.31 

When aggregated across the six years after the voucher, we estimate that the vouchers reduced 

public expenditure by $225 among all applicants as a result of the shift of students from public 

to private schools (Row 4).  

Total fiscal costs are the sum of secondary education costs (6) plus other costs (Row 9 

for additional tertiary costs, Row 10 for welfare costs, and Row 13 for foregone revenue, see 

Appendix C for details), or $333.8 ($329.8 for academic school applicants and $370.5 for 

vocational school applicants, Row 14). The corresponding confidence intervals acknowledge 

uncertainty in corresponding impact estimates used in the calculations. 

Long-Term Taxpayer Benefits Associated with Increased Formal Earnings. By 

increasing winners’ earnings, the voucher increased tax revenue from VAT taxes and from 

payroll taxes. We assume that all formal sector earnings are spent on goods with VAT levied 

and that informal sector earnings are either unchanged by the program or are untaxed. We 

project annual formal sector earnings (from Table 					VI) for losers and winners over a 40-year 

work horizon allowing for a 3.02 percent annual growth rate.32 Multiplying the NPV of 

	
30 Angrist et al. (2002, p. 1537) reports the annual cost of public school to be $350 in 1995 and the average voucher 
value to be $190 in 1998.  We calculate that in 2013 prices, these figures correspond to $535 and $244, respectively. 
While marginal costs may be less than average costs if policy makers are loath to close schools and enrollment is 
declining, this was a period of expanding school enrollment. 
31 We obtain these impacts on private school attendance for grades 6th through 8th from Angrist et al. (2002), Table 
IV, column 2 (for males) and column 4 (for females).  After 8th grade, we assume a constant change from the 
observed 8th grade effect to the eventual effect at graduation. 
32 The rate of 3.02 percent is the average annual growth in GDP per capita in Colombia between 2002 and 2012 
(World Development Indicators database). The results are robust if we instead used a 2.134 percent average annual 
growth in GDP per capita in Colombia estimated between 1985 and 2019 (34 years). It is also robust to using a 
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additional earnings by the 13.3 percent VAT tax rate yields $1,172 in additional NPV of VAT 

tax revenue, ($151 for academic school applicants and $2,417 for vocational school applicants, 

Row 16, Table XI).	Expected additional government revenue from additional payroll taxes is 

this difference multiplied by 40 percent, since we assume that at the margin forty percent of 

payroll taxes represents a net transfer to the government.  This comes to $989 ($45 for academic 

school applicants and $2,135 for vocational school applicants, Row 17).  The estimated increase 

in additional taxpayer revenue is statistically significant at $2,160 ($196 for academic school 

applicants and $4,551 for vocational school applicants, Row 18). 	

The point estimate of the net fiscal cost to taxpayers is -$1,827 ($133 for academic 

school applicants and -$4,181 for vocational school applicants, Row 20). The upper bound of 

the 95 percent confidence interval on the net fiscal cost per voucher recipient is $290 ($2,957 

for academic school applicants and -$400 for vocational school applicants) indicating that 

expected net fiscal costs to taxpayers are likely to be negative in the full sample, with a small 

probability that they are small and positive.  Among vocational school applicants, the cost to 

taxpayers is strongly negative. These negative point estimates of the net fiscal cost to taxpayers, 

together with the net positive benefits to participants that we document below, imply an infinite 

marginal value of public funds (Hendren and Sprung-Keyser 2020) of the PACES program. 

The result that net fiscal costs are negative is robust to a variety of alternative 

assumptions. Even under the extremely conservative assumption that any increase in formal 

sector earnings is offset by reduced informal earnings, so there are no gains in VAT revenue, 

expected net costs for taxpayers are -$654.8 due solely to increased payroll tax receipt (Row 14 

	
35-year rather than a 40-year work horizon, and to changing both the annual GDP per capita growth rate and the 
work horizon simultaneously. 
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minus Row 19).  This is an extreme assumption since our formal labor market results imply in 

an unlikely scenario no more than 50 percent offset.33 Net fiscal costs are also negative if we 

assume a discount rate of 6 percent instead of 3.66 percent.   

VII.B Costs and Benefits to Participants 

Welfare impacts on voucher recipients can be measured in two different ways. First, we 

can conduct a straightforward financial calculation of the net present value of increased long-

term earnings minus the short-term additional costs to families of private schooling and lost 

earnings during additional years of education.  This financial calculation yields net benefits per 

voucher recipient of $7,422.7 (-$223.3 for academic applicants, $16,751.8 for vocational 

applicants, Row 22).34  

In the even more conservative revealed-preference approach, welfare gains stem only 

from infra-marginal transfers to those who would have gone to private school anyway.  Angrist 

et. al (2002) shows that over 85 percent of recipients would have attended private school 

anyway.  This implies that gains to infra-marginal recipients were at least $249 per voucher 

winner.35  

	
33 Table 					VI results suggest that formal earnings for voucher winners increase by 8 percent (all applicants). 
Formal tenure sector tenure increases by 0.24 statistically insignificant months/year, or 4 percent from a base of 
5.58 months/year.  Therefore, the maximum offset of VAT tax revenue from a transition from informal into formal 
work is 4 percent divided by 8 percent, which equals 50 percent.  
34 The difference in benefits per voucher recipient between academic and vocational applicants is driven by the 
sizeable difference in the voucher impact on annual formal earnings between academic and vocational applicants 
(academic = $31.4/year, vocational = $427/year, difference = $395.5 with a p-value of 0.08) compounded annually 
at a rate of 3.06 percent over 40 years. Average schooling costs across the two types of schools are similar and do 
not drive the difference. This financial calculation is an upper bound if, for example, gains to voucher lottery 
winners in formal labor market employment, earnings, and associated payroll taxes come at the expense of reduced 
formal sector opportunities and lower payroll taxes collected among voucher lottery losers. For this reason, we 
also estimate a lower bound estimate of benefits to voucher recipients based on revealed preference.  
35 The gain for infra-marginal recipients = (fraction of infra-marginal recipients)x(impact on voucher 
amount)x(sum of year-by-year utilization rate).  The fraction of lottery losers who attend private school in 6th grade 
is 0.894.  The impact on voucher amount is $93.2 (from Angrist et al. 2002 Table VIII, column 3 updated to 2013 
dollars).  We observe the fraction of winners in private school using the voucher for grades 6th and 8th only. The 
7th grade fraction is the linear combination of the 6th and 8th grade rates.  For all applicants the fraction of winners 
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VII.C Externality Impacts on Others 

While we can measure impacts on taxpayers and voucher recipients, we are not able to 

identify potential externality impacts on others, and to the extent that such effects exist, they 

should be part of any welfare calculation. The program could potentially have created positive 

externalities from human capital and reduced teen fertility, or negative externalities if gains for 

program winners reflect assignment to more favorable peers or signaling benefits in the labor 

market. In earlier work, a subset of the authors of this paper provides evidence against the view 

that effects are entirely due to changes in peer assignment (Bettinger, Kremer and Saavedra 

2010).   

The calculations above imply that the program is welfare improving if any externalities 

are either positive, or negative and less than $2,099 per voucher recipient in the case in which 

we compute benefits to recipients using the lower bound revealed preference approach (p-value 

0.052, Row 23) or if they are positive, or negative and less than $9,249 per voucher recipient 

when we estimate benefits to recipients based on financial impact (Row 24).  The estimated 

lower bound seems plausible since participants likely value the increased years of schooling 

and any gains on standardized tests. While they conceivably could have experienced either 

positive or negative changes in non-financial utility from school and potentially switching to 

winning the lottery, it seems unlikely that this was both negative and large enough to outweigh 

the later non-financial benefits. The welfare analysis thus suggests that it likely costs 

	
in private school using the voucher is 0.910 (6th), 0.713 (7th) and 0.515 (8th). We know that 35.2 percent of the 
overall lottery loser sample finished 11th grade in private school.  We assume a constant deterioration from 8th 
grade to 11th grade in the fraction of losers attending private school.  This implies close to a 40 percent reduction 
in the fraction attending private school, and we assume that deterioration in voucher usage among winners follows 
a similar rate of decline from the 8th grade level. Under these assumptions, voucher usage rates for all applicants 
are 0.486 (9th), 0.419 (10th) and 0.352 (11th).  
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substantially less than a dollar to transfer one dollar in net present value to children born in 

strata one and two households through private school vouchers. 

VIII. CONCLUSION 

 We motivated our analysis by acknowledging the United Nation’s goals to expand 

secondary schooling.  The costs of expansion can be substantial even if the private sector is 

involved. Colombia’s experience suggests that there is a way of increasing access to secondary 

education for the poor through school vouchers that does not create undue fiscal costs, and that 

an appropriately structured program that includes vocational options can yield long-term human 

capital benefits for participants. Such expansion might also improve social mobility, as PACES 

voucher beneficiaries had higher salaries and were more likely to engage in “middle class” 

consumption. However, such programs may have limited benefits for the poorest, since quantile 

regression suggests that effects were concentrated at the top of the income distribution of 

voucher winners. 

Our evidence indicates that private vocational schools may have played a key role, and 

the concentration of effects among vocational students enables us to shed light on mechanisms 

that may or may not have been at play. For example, our results suggest that effects are unlikely 

to be primarily the result of lottery winners obtaining more desirable peers, since, among 

vocational applicants, lottery winners did not attend schools with better observable peers.  

Similarly, gains at the tertiary education level and in the labor market, particularly among 

vocational school applicants, suggest that the impact of the program on secondary completion 

was not simply due to private schools gaming of the system by lowering the standards for grade 

progression.  Insofar as renewal of the voucher was conditional on grade progression, the 

voucher program combined elements of a private school voucher program with elements of a 
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merit voucher program. However, it seems unlikely that this incentive effect explains the 

results. While effort may have improved throughout the distribution, the voucher’s incentive 

features were only relevant for students who failed a grade, and hence, an explanation that 

focuses solely on incentives should be strongest for students near the boundary of failing grades. 

In fact, it seems that many of the strongest impacts are at the top of the distribution, such as on 

tertiary enrolment—which only 19 percent of lottery losers ever accomplish—and on tertiary 

graduation—which only 5 percent of lottery losers accomplish. Effects on formal sector 

earnings are also relevant for applicants to vocational schools at the top of the distribution. 

Moreover, we do not observe any effects at the bottom of the distribution, on the fraction of 

applicants who are eligible to receive government subsidies. The main outcome for which we 

find evidence of an effect operating at the bottom of the distribution is on teen fertility. In terms 

of the channel whereby vouchers improve outcomes for lottery winners, the evidence suggests 

that the main mechanism is private vocational education improving long-term outcomes by 

providing a more pertinent, differentiated educational product that helps students to more 

effectively transition from secondary school into advanced training and better paid jobs in the 

formal labor force. This is consistent with evidence by Kugler et al. (2022) that a publicly-

funded, privately-provided vocational training program in Colombia also implemented at scale 

and targeted to disadvantaged youth improved tertiary education and long-term labor market 

outcomes in adulthood.36  

One parsimonious explanation that can reconcile our results with the broader school 

voucher literature, which typically has not found very positive results, is that private school 

	
36 Attanasio, Kugler and Meghir (2011) and Attanasio et al. (2017) also find positive impacts of the same program, 
Jovenes en Accion (Youth in Action), on labor market outcomes–with lower overall estimates of benefits as they 
do not consider that vocational training can induce further education of trainees and their relatives. 
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vouchers were particularly important for the subset of the population that wishes to pursue 

options other than traditional academic secondary schools. In our context, these are vocational 

schools. The government may not offer these students an option that is located appropriately in 

the physical or product market space. More nimble market entry and exit may make private 

sector vocational schools more responsive to the labor market’s rapidly changing skill demands, 

leading to a sharper focus on commercial schooling. Our evidence indicates that students who 

benefitted from attending vocational schools offering a more 	 	 	 	 	differentiated educational 

experience, including more commercially-oriented curricula and internships, had greater formal 

earnings in adulthood. However, a voucher program focused only on vocational education 

would likely have a different impact because it would affect families’ application incentives. 

Some features of the program design helped to minimize its cost to taxpayers. First, 

vouchers covered only part of the cost of private school and applicants had to cover the rest of 

the costs. Indeed, the vouchers crowded-in educational expenses as households invested more 

total resources in education (Angrist et al. 2002).  The conditioning of voucher renewal created 

incentives that reduced grade repetition (Angrist et al. 2002). PACES allowed households to 

top up additional financial investments in education, which generates positive fiscal 

externalities if the additional human capital of voucher lottery winners increases long-run 

earnings.  Moreover, there is no offsetting reduction on short-run labor supply (and hence short-

run tax collection).37 On the whole, the evidence suggests that it likely costs substantially less 

	
37 By contrast, other educational subsidy programs such as state merit aid programs in the US that pay for 
additional years of school and keep students in school longer (see for example Dynarski 2000; Kane 2003) will 
have offsetting effects. They reduce short-run tax revenue by delaying labor market entry and increase long-run 
revenue by boosting later earnings, with the overall impact on the NPV of tax revenue ambiguous. 
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than a dollar to transfer one dollar in net present value to children born to households in the 

lowest two socioeconomic strata through private school vouchers. 
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TABLE I 

VOUCHER IMPACT ON ENROLLMENT BY SCHOOL TYPE AFTER THREE YEARS 

3 years after the lottery Academic Applicants   Vocational Applicants 

 
Loser's 
Mean Won Voucher  

Loser's 
Mean Won Voucher 

  (1) (2)   (3) (4) 
Attending a vocational school 0.063 -0.029  0.426 0.176 
  (0.015)*   (0.059)** 
Attending an academic school 0.757 0.035  0.426 -0.186 
  (0.027)   (0.057)** 
Attending a private school 0.539 0.151  0.531 0.171 
  (0.032)**   (0.059)*** 
In school 0.82 -0.006  0.85 -0.011 
    (0.023)     (0.041) 

Notes: This table replicates Tables 3 and 6 in Bettinger, Kremer and Saavedra (2010) based on survey data from 
Angrist et al. (2002) collected for 1,176 voucher applicants from Bogota in 1995. * significant 10%, ** 
significant 5%, *** significant 1%.
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TABLE II 

DESCRIPTIVE STATISTICS OF THE BOGOTA 1995 PACES APPLICANTS COHORT 

  All   Academic Applicants   Vocational Applicants 

  Loser's 
Mean 

Won 
Voucher  

Won Voucher, 
Valid School 

Type Info 
  Loser's 

Mean     
 Won 

Voucher   Loser's 
Mean 

Won 
Voucher 

  (1) (2) (3)   (4) (5)   (6) (7) 

A. Data from PACES Application                   

Has Phone 0.882 0.009 0.009   0.869 0.013   0.899 0.003 

    (0.011) (0.011)     (0.015)     (0.016) 

Age at time of application 12.71 -0.086 -0.086   12.78 -0.033   12.63 -0.144 

   (0.045)* (0.046)*    (0.062)    (0.068)** 

Male 0.484 0.011 0.018   0.504 0.008   0.457 0.033 

    (0.017) (0.017)     (0.023)     (0.026) 

Applied to Vocational School 0.433 0.017 0.017             

    (0.017) (0.017)             

B. National Identification Data                   

Valid youth identification number 0.966 0.001 0.002   0.959 0.013   0.976 -0.011 

    (0.006) (0.006)     (0.009)     (0.009) 

Valid adult identification number 0.979 -0.003 -0.004   0.979 -0.008   0.979 0.001 

    (0.005) (0.005)     (0.007)     (0.007) 

N 1416 3661 3413   803 1901   613 1512 
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 Notes: Table reports OLS voucher lottery loser’s means and estimated effects of winning a voucher.  Numbers in parentheses are standard deviations in columns 
of means and standard errors in columns of estimated voucher effects. Results in Panel A are the same as those in Angrist et al. (2006) for having a phone, age at 
the time of application and gender, and as those in Bettinger et al. (2010) for having applied to a vocational school. *significant 10%, ** significant 5%.
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TABLE III 

VOUCHER IMPACTS ON SECONDARY EDUCATION					L OUTCOMES 

  All   Academic Applicants   Vocational Applicants   Difference 

  Loser's 
Mean  

Won Voucher    Loser's 
Mean  

Won 
Voucher  

  Loser's 
Mean  

Won Voucher   (6) - (4)            
(p-value)  

  (1) (2)   (3) (4)   (5) (6)   (7) 

A. Secondary school completion (ICFES secondary graduation exam database) 

Graduated on schedule 0.463 0.076   0.455 0.071   0.473 0.083   0.012 

  (0.499) (0.016)***   (0.498) (0.021)***   (0.5) (0.025)***   (0.715) 

Graduated with up to a six-year delay 0.575 0.056   0.552 0.055   0.605 0.060   0.006 

  (0.496) (0.016)***   (0.498) (0.021)***   (0.489) (0.024)**   (0.858) 

Notes: Table reports voucher lottery loser’s means and estimated effects of winning a voucher with application controls. Controls include age, male and whether 
the applicant had a phone number at the time of voucher application. Estimates in columns 2, 4 and 6 are from linear probability models. Numbers in parentheses 
are robust standard errors in columns of estimated voucher effects, and standard deviations in loser’s mean columns. Graduated on schedule is if the applicant took 
the college entry test in 2001 or before; graduated with up to 					six-year delay is if the applicant took the college entry test on or before 					2007					. * significant 
10%, ** significant 5%, *** significant 1%. 
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TABLE IV 

Bounds on Voucher Effects on Fertility 

    All Academic Applicants Vocational Applicants  

    Loser's 
Mean 

Won 
Voucher 

Loser's 
Mean 

Won 
Voucher 

Loser's 
Mean 

Won 
Voucher 

Difference       
(6) - (4)           
(p-value) 

                 

    (1) (2) (3) (4) (5) (6) (7) 

    A. All applicants   

Had any child as a teen LB 0.233 -0.046 0.240 -0.064 0.224 -0.023 0.041 

  (0.423) (0.019)** (0.427) (0.025)** (0.418) (0.029) (0.286) 

 UB 0.241 -0.050 0.249 -0.070 0.228 -0.025 0.045 

  (0.428) (0.019)*** (0.433) (0.026)*** (0.421) (0.030) (0.252) 

Spouse/partner had a child as a teen LB 0.101 -0.027 0.111 -0.034 0.087 -0.019 0.015 
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  (0.301) (0.014)* (0.315) (0.020)* (0.283) (0.020) (0.589) 

 UB 0.101 -0.029 0.113 -0.036 0.093 -0.025 0.011 

  (0.302) (0.014)** (0.317) (0.020)* (0.291) (0.021) (0.697) 

Total number of children LB 1.029 -0.007 1.047 -0.016 1.006 0.013 0.029 

  (1.004) (0.046) (1.022) (0.063) (0.981) (0.067) (0.751) 

 UB 1.049 -0.015 1.064 -0.022 1.033 -0.003 0.019 

  (1.012) (0.047) (1.026) (0.064) (0.991) (0.069) (0.842) 

    B. Females 

Had any child as a teen LB 0.371 -0.073 0.402 -0.105 0.337 -0.035 0.071 

  (0.484) (0.032)** (0.492) (0.045)** (0.474) (0.047) (0.273) 

 UB 0.379 -0.080 0.418 -0.121 0.337 -0.034 0.087 

  (0.486) (0.033)** (0.495) (0.046)*** (0.474) (0.047) (0.183) 

Spouse/partner had a child as a teen LB 0.050 -0.009 0.055 -0.007 0.043 -0.010 -0.003 

  (0.217) (0.014) (0.229) (0.021) (0.204) (0.020) (0.923) 

 UB 0.052 -0.011 0.058 -0.010 0.046 -0.012 -0.002 

  (0.223) (0.015) (0.235) (0.022) (0.209) (0.020) (0.940) 

Total number of children LB 1.311 -0.013 1.367 0.019 1.250 0.021 0.002 

  (1.008) (0.066) (1.021) (0.092) (0.993) (0.095) (0.990) 

 UB 1.349 -0.019 1.413 -0.024 1.280 0.001 0.025 

  (1.005) (0.067) (1.015) (0.093) (0.992) (0.097) (0.851) 

    C. Males 

Had any child as a teen LB 0.079 -0.016 0.083 -0.022 0.073 -0.007 0.015 

  (0.270) (0.018) (0.276) (0.024) (0.261) (0.028) (0.682) 
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 UB 0.082 -0.019 0.087 -0.026 0.075 -0.008 0.017 

  (0.275) (0.019) (0.282) (0.025) (0.264) (0.028) (0.643) 

Spouse/partner had a child as a teen LB 0.157 -0.046 0.165 -0.058 0.146 -0.031 0.028 

  (0.365) (0.025)* (0.372) (0.033)* (0.354) (0.038) (0.581) 

 UB 0.162 -0.050 0.173 -0.066 0.149 -0.034 0.032 

  (0.369) (0.025)** (0.380) (0.034)** (0.358) (0.039) (0.531) 

Total number of children LB 0.714 -0.024 0.738 -0.033 0.679 0.003 0.037 

  (0.902) (0.063) (0.926) (0.086) (0.865) (0.092) (0.770) 

 UB 0.716 -0.023 0.750 -0.041 0.687 -0.002 0.040 

  (0.906) (0.064) (0.941) (0.088) (0.871) (0.093) (0.756) 

Notes: Table reports voucher lottery loser’s means and estimated bounds on the effects of winning a voucher on fertility outcomes based on SISBEN 2010 data.  
Lower bound (LB) earnings are obtained from an OLS regression of SISBEN self-reported earnings, with missing values for those not in the SISBEN census.  
Upper bound (UB) earnings from an OLS regression in which SISBEN earnings from the top 5 percent of voucher losers are trimmed from the sample. Numbers 
in parentheses are robust standard errors with the exception of total number of children in columns 1, 3 and 5, which are standard deviations of the loser’s mean.  
Controls include age, male, and whether the applicant had a phone number at the time of voucher application. * significant 10%, ** significant 5%, *** significant 
1%. 
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TABLE V 

Voucher Impacts on Tertiary Education Outcomes 

  All   Academic Applicants   Vocational Applicants   Difference 

  Loser's 
Mean  

Won Voucher    Loser's 
Mean  

Won 
Voucher  

  Loser's 
Mean  

Won Voucher   (6) - (4)            
(p-value)  

  (1) (2)   (3) (4)   (5) (6)   (7) 

A. Tertiary enrollment and persistence (Tertiary education database) 

Ever enrolled in tertiary education 0.191 0.031   0.194 0.0003   0.188 0.070   0.069 

  (0.394) (0.014)**   (0.396) (0.018)   (0.391) (0.021)***   (0.012)** 

Ever enrolled in a vocational college 0.068 0.016   0.071 0.006   0.064 0.028   0.021 

  (0.251) (0.009)*   (0.257) (0.012)   (0.244) (0.014)**   (0.238) 

Ever enrolled in a university 0.132 0.019   0.130 -0.002   0.135 0.046   0.048 

  (0.339) (0.012)   (0.336) (0.015)   (0.342) (0.019)**   (0.044)** 
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Enrolled in tertiary as of 2012 0.034 0.027   0.030 0.031   0.039 0.021   -0.010 

  (0.181) (0.007)***   (0.17) (0.009)***   (0.194) (0.011)*   (0.502) 

Graduated from tertiary as of 2012 0.052 0.006   0.054 -0.008   0.049 0.024   0.032 

  (0.221) (0.007)   (0.225) (0.010)   (0.216) (0.012)**   (0.042)** 

Years of tertiary education 0.426 0.075   0.428 -0.019   0.423 0.191   0.210 

  (1.20) (0.042)*   (1.202) (0.054)   (1.200) (0.067)***   (0.010)** 

B. Overall years of schooling (Secondary and tertiary education databases) 

Years of schooling completed 10.43 0.145  10.41 0.044  10.460 0.273  0.229 

 (1.62) (0.053)***  (1.63) (0.068)  (1.607) (0.084)***  (0.03)** 

Notes: Table reports voucher lottery loser’s means and estimated effects of winning a voucher with application controls. Controls include age, male and whether 
the applicant had a phone number at the time of voucher application. Estimates in columns 2, 4 and 6 are from linear probability models. Numbers in parentheses 
are robust standard errors in columns of estimated voucher effects, and standard deviations in loser’s mean columns. * significant 10%, ** significant 5%, *** 
significant 1%.					 

TABLE 					VI 

VOUCHER IMPACTS ON FORMAL SECTOR EMPLOYMENT, EARNINGS AND PAYROLL TAXES 2008-2014 

  All Academic Applicants Vocational Applicants  

  Loser's 
Mean (s.d.) 

Won 
Voucher 

(s.e.)  

Loser's 
Mean (s.d.) 

Won 
Voucher 

(s.e.) 

Loser's 
Mean (s.d.) 

Won 
Voucher 

(s.e.) 

Difference (6) 
- (4)      (p-

value) 

  (1) (2) (3) (4) (5) (6) (7) 

   

Matched to formal sector earnings data 0.820 0.014 0.814 0.015 0.828 0.012 -0.003 

   (0.384) (0.013)  (0.389) (0.018) (0.377)  (0.019) (0.91) 

Age at first formal job (years) 27.80 -0.236 27.91 -0.215 27.65 -0.261 0.046 
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 (3.245) (0.094)** (3.271) (0.126)* (3.208) (0.140)** (0.805) 

Average annual formal sector employment (months/year) 5.58 0.24 5.57 0.22 5.59 0.28 0.066 

  (4.405) (0.15) (4.40) (0.20) (4.42) (0.23) (0.83) 

Cumulative formal sector experience (years) 3.02 0.132 3.02 0.117 3.03 0.152 0.036 

 (2.386) (0.082) (2.38) (0.109) (2.40) (0.125) (0.83) 

Average Annual Formal Sector Earnings  2,508.30 209.99 2,462.5 31.4 2,568.3 427.0 395.5 

  (3,056.3) (110)* (2,986.2) (132.7) (3,147.3) (184.0)** (0.08)* 

Middle Class Earnings 0.451 0.036 0.46 0.033 0.45 0.041 0.008 

  (0.498) (0.017)** (0.498) (0.02) (0.497) (0.026) (0.83) 

Middle Class through Formal Earnings or Tertiary 
Education Enrollment 

0.51 0.037 0.52 0.022 0.50 0.057 0.035 

 (0.50) (0.017)** (0.50) (0.023) (0.50) (0.026)** (0.31) 

Notes: Annual average earnings are for the period July 2008 to December 2014. Monetary values are expressed in 2013 USD. Numbers in parentheses are standard 
deviations in columns of means and standard errors in columns of estimated voucher effects.  Controls include age, male, and whether the applicant had a phone 
number at the time of voucher application. Formal sector earnings estimates use the health payroll account. Middle-class earnings threshold is PPP $3,600/year 
(Angulo et al. 2013). Formal sector earnings data begins in July 2008 and end in December 2014, and it is restricted to applicants with valid adult identification 
number that have complete application controls. The sample of all applicants has 3333 observations with information on whether they chose an academic or 
vocational school, who were between 10 and 23 years of age at the baseline. The sample of academic school applicants has 1852 observations and the sample of 
vocational school applicants has 1481 observations. * significant 10%, ** significant 5%, *** significant 1%. 
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TABLE VII 

VOUCHER IMPACT ON CHARACTERISTICS OF SCHOOLS ATTENDED AND ON ADULT FORMAL EARNINGS BY CHARACTERISTIC 

 All Academic Applicants Vocational Applicants  Voucher Impact on Formal Sector Earnings for 
Applicants to Vocational schools 

by Characteristic 

School 
Characteri
stic 

Loser's 
Mean 
(s.d) 

Won 
Voucher 

(s.e) 

Loser's 
Mean 
(s.d) 

Won 
Voucher 

(s.e) 

Loser's 
Mean 
(s.d) 

Won 
Voucher 

(s.e) 

Diff 
(6) - (4) 
(p-val) 

Without 
Char. 
Won 

Voucher 
(s.e) 

With  
Char. 
Won 

Voucher 
(s.e) 

 
Diff 

(9) - (8) 
(p-val) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

                  

Vocationa
l emphasis 
is 
commerci
al 

0.218 
(0.413 

0.044 
(0.033) 

0.185 
(0.390) 

0.054 
(0.048) 

0.247 
(0.433) 

0.030 
(0.046) 

-0.024 
(0.716) 

91.4 
(232.7) 

763 
(304)** 

671.6 
(0.078)* 

           

Provides 
internship
s in 
private-
sector 
firms 

0.212 
(0.409) 

0.047 
(0.033) 

0.293 
(0.457) 

-0.009 
(0.053) 

0.139 
(0.347) 

0.103 
(0.041)** 

0.113 
(0.092)* 

88.0 
(223.0) 

1049.3 
(321.1)*** 

961.3 
(0.013)** 

           

Provides 
internship
s for in 
private, 
public or 
non-
governme

0.209 
(0.407) 

0.055 
(0.033)* 

0.22 
(0.416) 

-0.009 
(0.048) 

0.199 
(0.4) 

0.102 
(0.045)** 

0.111 
(0.092)* 

218.9 
(241.6) 

533.1 
(292.5)* 

314.2 
(0.405) 
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ntal 
sectors 

           

Provides 
outside 
job 
training 
opportunit
ies 

0.19 
(0.393) 

0.021 
(0.031) 

0.193 
(0.396) 

-0.005 
(0.046) 

0.187 
(0.391) 

0.041 
(0.043) 

0.045 
(0.469) 

267.0 
(194.8) 

793.2 
(547.5) 

526.2 
(0.359) 

           

Provides 
internship
s in 
hospitals, 
elderly or 
disabled 
care 

0.028 
(0.167) 

0.03 
(0.016)* 

0.033 
(0.18) 

0.001 
(0.022) 

0.024 
(0.154) 

0.051 
(0.022)** 

0.050 
(0.105) 

467.5 
(198.2)** 

-454.3 
(566.5) 

-921.8 
(0.118) 

           

Provides 
training 
opportunit
ies in 
other 
institution
s 

0.073 
(0.26) 

-0.011 
(0.02) 

0.093 
(0.292) 

-0.079 
(0.026)*** 

0.054 
(0.227) 

0.041 
(0.027) 

0.120 
(0.001)*** 

317.1 
(181.8)* 

1,295.4 
(1655.0) 

978.4 
(0.538) 

           

Offers 
extended 
schedule 
for 
students 
with 
learning 
disabilitie
s 

0.282 
(0.451) 

0.059 
(0.036) 

0.293 
(0.457) 

0.002 
(0.054) 

0.271 
(0.446) 

0.102 
(0.049)** 

0.101 
(0.166) 

283.5 
(239.8) 

430.3 
(289.3) 

146.9 
(0.695) 
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N 316 655 150 290 166 365     1,060 

Notes: Outcomes are from the school survey of schools in the sample conducted by Bettinger, Kremer and Saavedra (2010). See Bettinger, Kremer and Saavedra 
(2010) for details. Numbers in parentheses are standard deviations in columns of means and standard errors in columns of estimated voucher effects.  Controls 
include age, male, and whether the applicant had a phone number at the time of voucher application. The sample is limited to students with school type information 
and who were between 10 and 23 years of age at the baseline. * significant 10%, ** significant 5%, *** significant 1%. 
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TABLE VIII 

VOUCHER IMPACT ON SISBEN COVERAGE 

  All Applicants Academic Applicants Vocational Applicants 

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

Won voucher -0.031 0.137 -0.029 -0.008 -0.032 0.300 

  (0.017)* (0.176) (0.023) (0.235) (0.026) (0.264) 

Age * won voucher   -0.009   0.007   -0.029 

    (0.013)   (0.017)   (0.020) 

Phone * won voucher   -0.063   -0.127   0.026 

    (0.055)   (0.070)*   (0.087) 

Male * won voucher   0.007   0.0001   0.020 

    (0.035)   (0.046)   (0.053) 

Loser's mean 0.513   0.504   0.524   

p-value on F-stat of joint test of 
interactions   0.619   0.327   0.508 

N 1461 3413 803 1901 613 1512 

Notes: Table reports voucher lottery loser’s means and estimated effects of winning a voucher on the probability of being covered in SISBEN 2010, which collected 
data on households living in strata 1 and 2 neighborhoods using linear probability models. Additional controls, not shown in the table include, age, male, and 
whether the applicant had a phone number at the time of voucher application. * significant 10%. 
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TABLE IX					 
BOUNDS ON VOUCHER IMPACT ON SELF-REPORTED ANNUAL EARNINGS (SISBEN SUBSAMPLE) 

  All Academic Applicants Vocational Applicants 

  Loser's Mean  Won Voucher  Loser's Mean  Won Voucher  Loser's Mean Won Voucher  

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

  A. All applicants  

Lower bound 2,573.2 -155.6 2,738.6 -283.4 2,364.5 -8.2 

  (244.8)   (425.6)   (171.3) 

Upper bound 2,077.0 331.9 2,039.3 403.6 2,074.7 290.2 

  (86.9)***   (117.5)***   (128.2)** 

  B. Females 

Lower bound 1,969.4 42.5 1,880.3 169.3 2,065.8 -95.4 

  (157.4)   (178.9)   (269.0) 

Upper bound 1,704.6 311.7 1,680.0 368.7 1,731.2 259.3 

  (124.8)**   (170.5)**   (182.2) 

  C. Males 

Lower bound 3,247.4 -387.8 3,567.7 -778.5 2,765.8 117.3 

  (486.2)   (844.9)   (183.5) 

Upper bound 2,446.4 405.6 2,455.5 356.1 2,596.8 289.0 

  (117.7)***   (159.3)**   (176.1) 

Notes: Table reports voucher lottery loser’s means and bounds of the effects of winning a voucher on total self-reported annual earnings expressed in 2013 USD. 
Lower bound earnings are obtained from an OLS regression of SISBEN self-reported earnings, with missing values for those not in the SISBEN 2010 census.  
Upper bound earnings from an OLS regression in which SISBEN earnings from the top 5 percent of voucher winners are trimmed from the sample. Controls 
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include age, male, and whether the applicant had a phone number at the time of voucher application. Robust standard errors in parentheses. * significant 10%, ** 
significant 5%, *** significant 1%. 
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TABLE X					 
IMPACTS ON MIDDLE CLASS CONSUMPTION 

  All Academic Applicants Vocational Applicants   

  Loser's 
Mean 

Won 
Voucher 

Loser's 
Mean 

Won 
Voucher 

Loser's 
Mean 

Won 
Voucher 

Difference 
(6) - (4) 
(p-value) 

  (1) (2) (3) (4) (5) (6) (7) 
  A. All applicants  
Has Credit Card 0.564 0.043 0.568 0.034 0.560 0.054 0.020 
    (0.017) **   (0.023)   (0.025)** (0.556) 
Has Car Loan 0.040 0.008 0.042 -0.003 0.038 0.021 0.024 
    (0.007)   (0.009)   (0.011)* (0.099)* 

  B. Females 
Has Credit Card 0.546 0.033 0.543 0.042 0.550 0.023 -0.018 
    (0.024)   (0.032)   (0.035) (0.705) 
Has Car Loan  0.037 0.0001 0.035 0.005 0.039 -0.006 -0.011 
    (0.009)   (0.013)   (0.014) (0.35) 
  C. Males 
Has Credit Card 0.584 0.052 0.593 0.026 0.571 0.087 0.062 
    (0.024)**   (0.032)   (0.037)** (0.201) 
Has Car Loan 0.044 0.016 0.049 -0.010 0.036 0.051 0.061 
    (0.011)   (0.013)   (0.018)*** (0.006)*** 

Notes: Table reports voucher lottery loser’s means and estimated effects of winning a voucher on access to formal consumer credit (credit cards and car loans). 
Numbers in parentheses are standard deviations in columns of means and standard errors in columns of estimated voucher effects.  Controls include age, male, and 
whether the applicant had a phone number at the time of voucher application. Credit data is collected quarterly and it begins in the first quarter of 2004 and end in 
the last quarter of 2014 and is restricted to applicants with valid adult identification number that have complete application controls. In Panel A the sample of all 
applicants has 3661 observations, the sample of academic school applicants has 1901 observations and the sample of vocational school applicants has 1512 
observations.  In Panel B, the full female sample has 1845 observations; the sample of academic school female applicants has 933 observations and the sample of 
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vocational school female applicants has 792 observations. In Panel C, the full male sample has 1816 observations; the sample of academic school male applicants 
has 968 observations and the sample of vocational school male applicants has 720 observations.* significant 10%, ** significant 5%, *** significant 1%.	  
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TABLE XI 

FISCAL AND WELFARE IMPACTS OF VOUCHERS 

    All Applicants Academic Applicants Vocational Applicants Notes 
    Estimate 95% C.I. Estimate 95% C.I. Estimate 95% C.I.   

Row 
# A. Government Costs  ($) ($)  ($)  ($)  ($)  ($)    

  Secondary Education Costs               

1 Annual per-pupil cost of public school 535.0   535.0   535.0   
From Angrist et al. (2002), 
converted to 2013 dollars 

2 Annual value of PACES voucher 243.8   243.8   243.8   
From Angrist et al. (2002), 
converted to 2013 dollars 

3 
Expenditure from voucher costs for students 
who would have enrolled in private school, 
aggregated over 6 years 

507.1   532.1   480.7   

Row (2)*Proportion of lottery 
winners attending private 
school*proportion of winners 
continuing to use vouchers; 
computed annually and summed 
over the six years 

4 
Expenditure resulting from transfers from public 
to private schools, aggregated over 6 years -225.2   -198.7   -231.0   

(Row (2) – Row (1))*Voucher 
Effect on Private School 
Attendance; computed annually 
and summed over the six years 

5 Cost savings from reduced grade repetition -4.8 (-5.7, -3.93) -4.9 (-6, -3.92) -4.7 (-6.4, -3.09) See Appendix B 

6 
Total secondary education costs to the 
government 

277.1 
(276.2, 
278.02) 

328.5 (327.5, 329.5) 245.0 
(243.4, 
246.67) 

Row (3) + Row (4) + Row (5) 

  Tertiary Education Costs            

7 Additional public tertiary education costs 6.7 (-2.9, 16.39) -4.0 (-18, 9.98) 17.6 (3.4, 31.86) See Appendix C 

8 Additional tertiary education loan subsidies 5.0 (-7.1, 17.14) -5.8 (-19.2, 7.6) 17.9 (-2.9, 38.72) See Appendix C 

9 
Additional tertiary education costs (public 
education + loan subsidies) 

11.7 (-5.2, 28.64) -9.8 (-30.7, 11.07) 35.5 (8.2, 62.86) Row (7) + Row (8) 

 Welfare Receipt Costs        
10 Additional CCT receipt costs -1.0 (-4.8, 2.87) 0.1 (-5, 5.19) -2.3 (-8.3, 3.59) See Appendix C 

 Foregone Revenue        



	

64	
 

11 Foregone tax revenue from VAT tax 24.9 (6.4, 43.35) 6.2 (-16.2, 28.61) 49.7 (20.9, 
78.61) 

Formal annual earnings of losers* 
Voucher impact on years of 
education *VAT tax of 13.3% 

12 Foregone net government transfers through 
payroll taxes 

21.1 (5.4, 36.72) 4.9 (-14.2, 23.99) 42.5 (18.1, 
66.96) 

Annual payroll taxes of losers* 
Voucher impact on years of 
education *0.4 

13 Total foregone revenue 45.9 (11.8, 80.07) 11.1 (-30.4, 52.6) 92.3 (39, 145.56) Row (11) + Row (12) 

14 Expected voucher costs to government 333.8 (288.5, 
379.11) 329.8 (274.7, 

384.99) 370.5 (300.1, 
440.86) 

Row (6) + Row (9) + Row (10) + 
Row (13) 

15 Expected voucher costs to government, 6% 
discount rate 

270.3 (239.6, 
300.98) 

284.0 (246.6, 
321.38) 

286.1 (238.6, 
333.69) 

Same calculations as above using 
6% discount rate 

  B. Government Revenue               

16 Additional VAT tax revenue 1,171.7 (28.7, 
2314.68) 

151.5 (-1364.1, 
1667) 

2,416.8 (381.6, 
4451.93) 

Additional earnings of voucher 
winners (see notes below) * VAT 
tax of 13.3% 

17 Additional government transfers through payroll 
taxes 

988.6 (-6, 1983.28) 45.0 (-1286.4, 
1376.39) 

2,134.5 (364.2, 
3904.86) 

Additional payroll taxes of 
voucher winners (see notes below) 
* 0.4 

18 Additional government revenue 2,160.3 (28.4, 
4292.24) 

196.5 (-2643.4, 
3036.33) 

4,551.3 (753, 
8349.51) 

Row (16) + Row (17) 

19 Additional government revenue, no VAT 
revenue 

988.6 (-6, 1983.28) 45.0 (-1286.4, 
1376.39) 

2,134.5 (364.2, 
3904.86) 

Assume VAT revenue is zero 

20 Net government expenditure -1,826.5 (-3943.5, 
290.43) 

133.4 (-2690.3, 
2957.09) 

-4,180.8 (-7961.6,     
-399.99) Row (14) - Row (18) 

  C. Benefits to Participants               

21 Lower bound on net benefits to voucher 
recipients: revealed preference approach 272.5 

 

288.0 

 

256.4 

 

Fraction of infra-marginal 
recipients*impact on voucher 
amount*sum of year-by-year 
utilization rate. See notes below. 

22 Upper bound net benefits to voucher 
recipients: pure financial calculation 7,422.7 

(-1229.7, 
16075.04) -223.3 

(-11706.7, 
11260.06) 16,751.8 

(1360, 
32143.71) 

Additional earnings of winners-
foregone earnings of winners-
additional schooling costs to 
winners. See notes below 

p-value: 
0.093 p-value: 0.97 

p-value: 
0.033 

23 Lower bound net benefit to society: revealed 
preference approach 2,099.0 

(-17.9, 
4215.97) 

154.6 

(-2669.1, 
2978.35) 4,437.2 

(656.4, 
8217.99) Benefit to taxpayers (-Row 20) + 

Lower bound benefit to recipients 
(Row 21)  

p-value: 
0.052 

p-value: 0.915 
p-value: 

0.021 

24 Upper bound net benefit to society: financial 
calculation approach 9,249.2 (-1515.7, 

20014.07) 
-356.7 (-14658.4, 

13944.95) 
20,932.6 (1765.8, 

40099.49) 
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p-value: 
0.092 p-value: 0.961 

p-value: 
0.032 

Benefits to taxpayers (Row 20) + 
Upper bound benefit to recipients 
(Row 22) 

 

Notes: We express all figures in 2013 dollars per voucher winner.  For annual per-pupil costs of public school and voucher impact on voucher value three years 
after the lottery: Angrist et al. (2002) report the cost of public schooling in 1998 to be $350 and the voucher cost to be $190. We follow the order of operations 
described in the text to obtain values in the analysis year. For Expenditure from voucher costs for students who would have enrolled in private school, aggregated 
over 6 years: In the full sample, the fraction of lottery losers that attend private school is 0.894 (6th), 0.699 (7th) and 0.553 (8th).  For academic lottery losers it is 
0.909 (6th), 0.703 (7th) and 0.572 (8th). For vocational lottery losers it is 0.877 (6th), 0.695 (7th) and 0.529 (8th). See Table A1 for additional details. We do not 
observe private school attendance for grades 9th or 10th.  We observe private school graduation of losers, which is 0.352 for all applicants, 0.346 for academic 
applicants and 0.359 for vocational applicants. We interpolate linearly between the 8th grade rate and the graduation rate to obtain the private school attendance 
rates for grades 9th and 10th, which we estimate to be for all applicants 0.486 (9th) and 0.419 (10th); for academic applicants 0.497 (9th) and 0.421 (10th); for vocational 
applicants 0.472 (9th) and 0.416 (10th). We observe the fraction of winners in a private school using the voucher for grades 6th and 8th only, which is 0.910 (6th) and 
0.515 (8th) for all applicants; 0.924 (6th) and 0.544 (8th) for academic applicants and 0.895 (6th) and 0.485 (8th) for vocational applicants. The 7th grade fraction is 
the linear combination of the 6th and 8th grade rates, which is 0.713 for all applicants; 0.734 for academic applicants and 0.690 for vocational applicants.  After 8th 
grade, we have no data on voucher usage.  We know that 35.2 percent of the overall lottery loser sample finished 11th grade in private school.  We assume a constant 
deterioration from 8th grade to 11th grade in the fraction of losers attending private school.  This implies close to a 40 percent reduction in the fraction attending 
private school, and we assume that deterioration in voucher usage among winners follows a similar 40 percent decline from the 8th grade level.  Under these 
assumptions, voucher usage rates among all applicants are 0.446 (9th), 0.378 (10th) and 0.309 (11th).  For academic applicants the voucher usage rates are 0.471 
(9th), 0.400 (10th) and 0.326 (11th). For vocational applicants the voucher usage rates are 0.420 (9th), 0.356 (10th) and 0.291 (11th). For cost-savings from reduced 
grade repetition: See Appendix B. For tertiary costs: See Appendix C. For Welfare Receipt: See Appendix C. Foregone earnings: We estimate annual foregone 
revenue from average annual formal sector earnings of voucher losers in Panel A of Table 					VI, columns 3 and 5. We follow the order of operations above to 
obtain NPV in USD of analysis year. Earnings: Annual earnings are projected annual earnings from Panel A, Table 					VI. We project earnings for losers and 
winners over a 40-year horizon allowing for a 3.02% annual growth in earnings per annum, which is the average annual growth in GDP per capita in Colombia 
between 2002 and 2012, obtained from the World Development Indicators database).  US-CPI for years after 2013 is that for 2013. We then follow the remaining 
order of operation to obtain NPV of earnings for winners and losers. Payroll taxes: Annual payroll taxes are proportional to formal earnings, from Panel A, Table 					
VI. We follow the same procedure as for earnings to obtain the NPV of payroll taxes in the analysis year.  Lower bound benefits to recipients (revealed preference 
approach): The fraction of infra-marginal recipients is the fraction of lottery losers who attend a private school in 6th grade. The impact on voucher amount is $93.2 
(from Angrist et al. 2002 Table VIII, column 3 updated to 2013 dollars).  For utilization rates see notes above for expenditure from voucher costs for students who 
would have enrolled in private school, aggregated over 6 years.  Upper bound benefit to recipients (purely financial calculation): Additional earnings and foregone 
earnings of voucher winners are estimated as explained above in this note. Schooling costs are additional schooling costs to winners (net fees, see Table A1) times 
the fraction of winners using the voucher in each year of secondary school, aggregated over six years. Voucher usage rates among lottery winners are calculated 
following the procedure explained above in this note. We obtain 95% confidence intervals for each calculation using the bootstrap.
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FIGURE I 

Quantile Regression Estimates of Voucher Impacts on Formal Sector Earnings 

Notes: Figure reports estimated voucher effects for various percentiles of the annual total formal sector earnings distribution. Monetary values are expressed in 
2013 USD. Middle-class earnings threshold is $3,600/year (Angulo et al. 2013), which corresponds to the 68th percentile in the voucher loser’s distribution. Controls 
include age, male, and whether the applicant had a phone number at the time of voucher application. Formal sector earnings estimates use the health payroll account.  
Formal sector earnings data begins in July 2008 and end in December 2014 and is restricted to applicants with valid adult identification number that have complete 
application controls. The sample of all applicants has 3574 observations, the sample of academic school applicants has 1852 observations and the sample of 
vocational school applicants has 1481 observations. 


