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Abstract

We evaluate the returns to signaling occupation-specific skills using

unique administrative data from a nationwide certification program

in Colombia. The program certifies skills and issues three certifi-

cates: basic, intermediate, and advanced. We use regression dis-

continuity methods to compare workers’ earnings around certificate-

assignment thresholds. Signaling advanced occupation-specific skills

yields significant returns: 9.7% on average within two years of certi-

fication. Instead, we find no effects from signaling basic or interme-

diate occupation-specific skills. Two mechanisms drive our findings.

First, the increase in earnings for salaried workers comes from pro-

motions within a firm. Second, the certificate facilitates transitions

from self-employment to salaried work.
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Abstract

En este trabajo evaluamos los beneficios de señalar habilidades es-

pećıficas de una ocupación, utilizando para dicho fin datos adminis-

trativos de un programa de certificación a nivel nacional en Colombia

diseñado y ejecutado por el SENA. El programa certifica habilidades

en tres niveles: básico, intermedio y avanzado. A través de métodos

de regresión discontinua comparamos los ingresos de los trabajadores

alrededor de los umbrales de asignación de certificados. Se muestra

evidencia de que certificar habilidades avanzadas, genera retornos

significativos en el ingreso de los trabajadores: 9,7% en promedio

dentro de los dos años posteriores a la certificación. No encontramos

efectos de certificar habilidades básicas o intermedias. Dos mecan-

ismos explican estos hallazgos. En primer lugar, el aumento de los

ingresos de los trabajadores asalariados proviene de ascensos dentro

de las empresas. En segundo lugar, el certificado facilita la tran-

sición del trabajo por cuenta propia al trabajo asalariado.
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1 Introduction

One of the fundamental drivers of low productivity in developing countries

is the mismatch between workers and firms.3 This issue arises because

there is limited information about the skills of potential workers, and local

labor markets are unable to gather and transfer this information effectively

(Chiplunkar and Banerjee 2023). It has been shown that, in developed

countries, academic credentials, diplomas, and college reputation can help

to mitigate these information challenges.4 These devices provide job seek-

ers with indicators of their skills and offer firms valuable tools for screening

and comparing candidates. However, the same devices may not be equally

effective in the developing world. First, workers usually lack formal educa-

tion and training. Second, for certain industries and sectors, there might

not be enough variation in schooling among workers to accurately infer pro-

ductivity. Third, traditional measures of academic ability may not reflect

productivity in occupations that require mainly skills accumulated on the

job and that are not taught in formal academic institutions.5

Because of informational frictions and the imperfect role of education in

forecasting occupation-specific productivity, there are reasons to think that

policies aimed at providing accurate information about occupation-specific

skills and productivity can generate significant efficiency gains. On the one

hand, occupation-specific skills provide means for finding employment and

long-run earnings growth for low-educated workers (Bandiera et al. 2020).

Therefore, reducing information frictions likely has a positive impact on in-

come and reduces income differentials among comparable workers.6 On the

other hand, such policies also have the potential to rectify the presence of

employer information disparities regarding occupation-specific productivity

and induce the efficient allocation of workers (Greenwald 1986; Pinkston

2009; Schönberg 2007).

3. See, for example, Bloom et al. (2010), Hall and Jones (1999), and McKenzie (2017).
4. See, for example, Altonji and Pierret (2001), Arcidiacono et al. (2010), Bedard

(2001), and Clark and Martorell (2014).
5. Regarding the characteristics of the labor markets in developing countries, see, for

example, Behrman (1999) and Rosenzweig (1988).
6. Recent literature has shown that providing credible information on workers’ skills

or recent job performance can largely improve workers’ labor market outcomes (Abebe
et al. 2021; Abel et al. 2020; Bassi and Nansamba 2022; Carranza et al. 2022).
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In this paper, we identify the worker’s returns to signaling occupation-

specific skills in the context of a developing country. To estimate these re-

turns within a diverse population of workers, we employ a sharp regression

discontinuity design using unique administrative data. Our study focuses

on a particular signaling device: a certificate issued by the Colombian Na-

tional Training Service (SENA), a governmental organization responsible

for evaluating and certifying workers’ skills in Colombia. Starting in 2004,

SENA implemented a rigorous evaluation procedure to assess occupation-

specific skills acquired as a byproduct of work experience.7 Program par-

ticipants are assigned to one of four mutually exclusive and exhaustive

categories on the basis on their performance on the certification exam: no

certificate, basic, intermediate, or advanced. Each category is defined by

sharp thresholds corresponding to different exam-score intervals.

In an ideal scenario, where certificates are randomly assigned, the wage vari-

ation across these predefined categories would capture the signaling value

of obtaining a certificate. However, wage differentials not only reflect the

signaling value but also encompass productivity disparities among workers

and match-quality factors pertaining to the interaction between workers

and firms. To address potential confounders, we leverage the sharp dif-

ferences in scores required to obtain a particular certificate as a proxy for

random assignment. We first focus on individuals who barely pass the exam

and those who barely fail, assuming they are similar in all other dimen-

sions that matter for productivity. Under certain conditions, passing status

constitutes a valid approximation for random assignment for individuals

with scores close to the passing cutoff (Cattaneo et al. 2020; Cattaneo and

Titiunik 2022; Lee and Lemieux 2010). We use this insight to estimate the

unbiased signaling returns of the basic certificate by comparing the earn-

ings of the two groups within the two years after certification. We then

extend this approach to estimate the returns of obtaining either an inter-

mediate or an advanced certificate, which allows us to explore the distribu-

tional effects associated with the content of the signal. Our unique dataset

also provides comprehensive information regarding employment status (i.e.,

7. The certificates under analysis are not legally required to practice the corresponding
occupations.
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salaried work, self-employed, unemployed) and the transitions between em-

ployers. We use this information to identify the mechanisms driving income

growth and income differentials in response to obtaining the certificate.

Several features of our study set it apart from previous literature. First,

we estimate the returns to signaling occupation-specific skills, whereas pre-

vious literature has examined mostly the effects of signaling academic ap-

titude as a proxy for productivity.8 There are strong arguments suggest-

ing occupation-specific skills are valuable and are key to explaining post-

schooling wage growth. Nonetheless, limited attention has been devoted to

analyzing the consequences of providing reliable information about them.9

Some exceptions can be found in the emerging literature studying the re-

turns to occupation certification, predominantly in the context of developed

economies, with estimates that span from no effect to a 13% increase in in-

come.10 However, for the most part, this literature has used imprecise (self-

reported) certification measures, and only a few studies have national-level

data, preventing them from examining the effects across various segments

of the economy. In addition, most papers rely on observable characteristics

to estimate the effects of certification, and therefore, it is unclear whether

self-selection into certification leads to biased estimates.

Our study design is able to isolate the returns to signaling occupation-

8. Relevant papers in this literature are Bedard (2001), Clark and Martorell (2014),
Macleod et al. (2017), and Tyler et al. (2000). As we mentioned before, more re-
cently, a few studies have focused on the value of signaling noncognitive skills (Bassi
and Nansamba 2022), general skills at the hiring stage (Abel et al. 2020; Carranza et
al. 2022), or field-specific skills (Busso et al. 2023)

9. Regarding the theoretical importance of task-specific skills, or more generally
occupation-specific skills, see, for example, Becker (2009) and Gibbons and Waldman
(1999, 2004). For empirical papers discussing the value of occupation-specific skills, see,
for example, Kambourov and Manovskii (2009), Neal (1995), Parent (2000), Poletaev
and Robinson (2008), and Sanders and Taber (2012). Finally, regarding the importance
of skills for post-schooling wage growth, see Rubinstein and Weiss (2006) and Sanders
and Taber (2012).
10. This literature further concludes that the effects of licensing on labor market out-

comes are larger than the effects of certification. Unlike certification, occupational li-
censing mandates that individuals can engage in a particular occupation only if they
satisfy specific predetermined criteria for competence. See, for example, Albert (2017),
Kleiner and Krueger (2013), Kleiner and Vorotnikov (2017), and Xia (2021). In addi-
tion, the literature finds that the effects of certification are larger among less-educated
individuals (Baird et al. 2021), suggesting the potential role of certification as a signal
of skills in situations when general measures of human capital are not available.
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specific skills from confounding channels, such as education and schooling.

In our analysis, individuals are primarily full-time workers who have com-

pleted their formal education. The skills they signal are acquired mainly

on the job, as a byproduct of experience rather than through formal educa-

tion. In addition, the program tests skills without facilitating investment

in human capital through lectures or training.11 Importantly, we provide

evidence spanning a wide group of occupations from a national sample

of program participants. Therefore, our conclusions are not restricted to

particular firms or sectors.

A second contribution to the literature is the possibility of studying the

effects on experienced workers. In contrast, most of the literature evaluates

the returns to signaling skills when workers first enter the labor market.12

The effects on experienced workers have been consistently understudied,

and signaling can provide this population group with significant benefits,

particularly in contexts where productivity evolves heterogeneously (Kahn

and Lange 2014). In fact, our findings suggest that experienced workers

capture significant returns. In such a way, we provide novel evidence about

the importance of information frictions on post-schooling income growth.

Lastly, in the literature, limited attention has been given to signals that

convey information about different skill levels. Previous studies have fo-

cused mainly on dichotomous signals or whether the worker possesses an

occupational certificate at all.13 We are among the first to provide direct

evidence of the distributional effects of displaying signals with different

11. It is possible that participants in the certification program are still investing in
human capital by studying for the exam. Our empirical methodology allows us to deal
credibly with this issue.
12. Regarding the value of academic credentials, see, for example, Arcidiacono et

al. (2010), Bedard (2001), Clark and Martorell (2014), Jepsen et al. (2016), Machin
et al. (2020), and Tyler et al. (2000). As we have mentioned, more recent literature has
focused on the value of signaling general skills Abel et al. (2020), noncognitive skills
Bassi and Nansamba (2022), and field-specific skills Busso et al. (2023). In all cases,
these papers focus on young workers entering the labor market.
13. Examples of papers analyzing dichotomous signals are Clark and Martorell (2014),

Jepsen et al. (2016), Machin et al. (2020), and Tyler et al. (2000). The literature studying
the economic importance of certificates is relatively new. The following papers provide
important contributions in this area: Albert (2017), Kleiner and Krueger (2013), and
Kleiner and Vorotnikov (2017).
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content.14 Our context enables us to do so because the signaling device

categorizes workers’ skills into four mutually exclusive and exhaustive cat-

egories, each defined by a sharp threshold.

Our results reveal no effects from signaling basic or intermediate occupation-

specific skills. Notably, the absence of positive returns remains consistent

across education levels, tenure, and firm sizes. The evidence suggests that

obtaining basic or intermediate certificates does not enhance the chances

of workers transitioning to other firms or achieving a different employment

status. Specifically, we find no evidence of job-to-job transitions, leaving

self-employment, or moving from salaried work to other types of employ-

ment. We argue that two explanations (not necessarily mutually exclusive)

are compatible with such a pattern. First, it is possible that the basic

and intermediate certificates do not reveal new information to current em-

ployers. Second, signaling basic or intermediate skills may not be valued

by potential employers. Because employers are unwilling to pay more for

average workers, transitions are limited, and those with the certificate at

hand capture no returns.

Instead, signaling advanced occupation-specific skills yields large and sig-

nificant returns. Our estimates show that obtaining an advanced certifi-

cate generates an average increase in income of 9.7% during the two years

following certification. Importantly, we find that returns depend on the

employment status at the time of certification. Salaried workers capture

the returns in the first quarter after certification, and they remain constant

during the next two years. Such effects are larger for more-educated work-

ers. We further find that raises for salaried workers typically come from

within the firm rather than from switching employers and are concentrated

among tenured workers working at large firms. In such a way, the certifi-

cate serves as a screening device that facilitates promotions and justifies

income increases within organizations.

The situation is different for self-employed participants with advanced cer-

tificates. They capture significant returns but only after nine months of

14. Another paper that provides an analysis of signals with different contents is Bassi
and Nansamba (2022).
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certification, coinciding with transitions to salaried work. In this case, the

certificate provides a valuable signal to new employers, facilitating transi-

tions and generating an average increase in income of 15% the second year

after certification. Instead, workers who are unemployed at the time of cer-

tification do not capture any positive returns. For this group, the negative

signal from unemployment seems to overwrite important information about

occupation-specific skills. To rationalize the basic transition patterns, in

the last part of the paper, we present a stylized search theoretic model with

asymmetric information.

Overall, our results suggest that alleviating information frictions benefits

only a subgroup of workers and that other frictions in the labor market

make wage adjustments unlikely, even after relevant information has been

revealed to current and potential employers. In the end, certifying skills

may have a more limited role in earnings growth and job transitions than

previous findings suggest (Bandiera et al. 2020). Additionally, our find-

ings cast doubts about the ability of wages to aggregate information about

productivity in developing countries.

The rest of the paper is structured as follows. In Section 2, we provide a

detailed description of the program’s key features. In Section 3, we describe

the sample of program participants and elaborate on the procedure for

obtaining information on labor market outcomes at and after applying for

the certificate. We outline the empirical strategy employed to estimate

the causal effects of obtaining a certificate in Section 4. In Section 5, we

present the core findings, and in Section 6, we examine the heterogeneity

of returns. In Section 7, we delve into the mechanisms behind our main

results. Finally, we conclude in Section 8.

2 Program Description

Since 2004, the Colombian National Training Service (SENA), a govern-

ment agency in Colombia, has been responsible for implementing a na-
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tionwide certification program.15 In Colombia, technical norms define the

tasks and activities specific to different occupations and the quality stan-

dards governing the production and provision of goods and services within

those occupations. These norms are drafted by industry skill councils and

are approved by the government. Based on the criteria defined by such

norms, the certification program aims to assess and certify the knowledge

and skills that workers acquire through their work experience. In doing so,

the program is tailored to occupations where knowledge is mostly acquired

outside of formal education institutions, indirectly targeting lower-educated

individuals.

From its inception, the Colombian government has recognized this pro-

gram as a pivotal policy to enhance firms’ productivity and bolster their

competitiveness. During the past decade, the program has gone through a

significant expansion resulting in SENA being entrusted with continually

expanding participation, free of charge, across the country. To date, SENA

issues certificates in 912 technical norms, which have been developed by

74 industry skill councils representing the major sectors of the economy.16

During 2019, SENA certified approximately 243,000 workers across 117

different locations.17

The policy’s underlying objectives are to reduce the costs associated with

identifying productive workers, streamline personnel selection processes,

and minimize potential mismatches between firms and workers. Further-

more, the policy provides workers with means, i.e., certificates, to publicly

demonstrate their skills and knowledge, facilitating transitions to higher-

paying jobs and reducing unemployment among participants.

15. The two primary legal dispositions governing this program are Decreto 933/2003
and Decreto 4108/2011.
16. The six most popular technical norms, accounting for 24% of certifications between

2017 and 2019, were: serving customers following service procedures, handling food
in compliance with current regulations, controlling access to restricted areas based on
service characteristics and regulations, operating forklifts following technical manuals,
and promoting safe and healthy practices in work environments.
17. In general, candidates can take the exam for all norms in any municipality. The

primary constraint is the waiting time, as they may have to wait for an instructor from
a different location to visit and assist with the practical test. However, SENA does not
consider this issue a significant barrier for participants to attain certification.
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Participants enter the program hoping to be certified in a particular tech-

nical norm. To obtain the certificate, they must provide evidence of pro-

ficiency in executing the task and work activities defined by such a norm,

as well as their knowledge of the quality standards. As a result, the certifi-

cate contains valuable information about the skills and knowledge required

to perform a specific occupation. We refer to such skills and knowledge

as occupation-specific skills.18 To initiate the certification process, par-

ticipants must demonstrate at least six months of experience in a given

occupation. Typically, the process is completed within four weeks.

To obtain the certification, individuals must take a two-part exam. The

first part, known as the competence exam, entails participants performing

a series of tasks and work activities under the observation of a panel of

SENA officials. Evaluators assign a pass/fail grade based on the partic-

ipants’ performance. Since all participants must showcase relevant work

experience to start the certification process, most of them successfully pass

this stage (see Table 1). The second part of the examination is the knowl-

edge test, when participants undergo a multiple-choice exam. The exam

evaluates participants’ understanding of the various concepts related to the

occupation and the quality standards prescribed by the technical norm.

SENA administers the exam, which is designed using a randomly selected

set of predefined questions.19 Therefore, the exam’s difficulty is constant

across participants. The exam is graded by a computer on a scale of 0 to

100 points. Using computerized grading ensures that SENA officials can-

not manipulate the results. The score determines the level of certification

conferred by SENA. Individuals who score below 30 points do not get a

certificate, even if they pass the first part. Participants scoring between

18. For instance, the technical norms pertaining to plumbing primarily outline the tasks
and work activities related to installing and repairing piping fixtures and systems. These
norms also define proper network installation, functionality, and durability standards.
As a result, the certification program evaluates if individuals can perform occupation-
specific activities efficiently while producing outcomes of higher quality and durability.
19. While the technical norm itself is publicly available, the question bank is not ac-

cessible. According to SENA, the question bank contains more than 100,000 questions
for all the different technical norms. This question bank is constantly enhanced and
revised. It is important to add that the number of questions in the competence exam
ranges from 18 to 44. The specific number of questions for a particular norm depends
on the number of tasks and activities described by the norm.
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30 and 59.9 points receive a basic certificate, while those scoring between

60 and 89.9 points are granted an intermediate certificate. Lastly, partici-

pants who score 90 or higher obtain an advanced certificate. Participants

are only informed of the certification level attained, and the exact grade

remains confidential.

According to SENA’s guidelines, participants can improve their certifica-

tion level by undertaking the second part of the examination in the sub-

sequent fiscal year, leading to infrequent exam retakes among individuals.

In fact, our data show that only 0.5% of participants retake the knowledge

test. Furthermore, the lack of information about how close participants

are to the certification cutoff likely discourages retaking, even among those

who scored just below a given cutoff.

A typical certificate (see Figure OA1 in online Appendix A) includes the

participant’s name, identifier number, the certificate level awarded, and

the specific technical norm for which the participant has been certified.

Employers can access the certificate information by entering the workers’

identification number into SENA’s web portal. Therefore, SENA provides

the same information to workers and employers, making it unlikely that

participants hide the certificate when unsatisfied with the outcome.

In general, no legal barriers prevent workers from continuing their current

occupation, even if they do not obtain certification in the relevant techni-

cal norm. However, an exception exists for specific technical norms that

apply to regulated occupations. Regulated occupations involve situations

where workers face exceptional hazards, or where failure to comply with

the technical standards could lead to unacceptable risks for consumers and

workers.20 For such occupations, certification is mandatory and granted

only upon achieving a minimum score of 90 points on the knowledge test.

Hence, workers who score below 90 are not certified and should not en-

20. Some examples of technical norms regarding occupations involving situations where
workers face exceptional hazards include those related to tasks performed at elevated
heights or the evaluation of equipment utilizing natural gas as an energy source. Ex-
amples of activities in which failure to comply with the technical standards could lead
to unacceptable risks include installing and maintaining home networks for natural gas
distribution and water purification procedures.
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gage in such occupations. Within our dataset, technical norms related to

regulated occupations comprise less than 10% of the observations, and we

choose to exclude them from the analysis. This exclusion is mainly moti-

vated by the fact that the 90-point threshold leads to distinct and incompa-

rable outcomes for technical norms associated with regulated occupations

and those associated with non-regulated occupations. While participants

scoring above 90 receive an advanced certificate, regardless of the under-

lying occupation, participants who score below this threshold would not

obtain a certificate in the case of technical norms associated with regulated

occupations, and they would receive an intermediate certificate in the case

of technical norms associated with non-regulated occupations.

Our analysis of the certification program relies on administrative data pro-

vided by SENA, which covers all participants seeking certification in tech-

nical norms linked to non-regulated occupations from January 2017 to De-

cember 2019. The causal analysis leverages the discontinuity observed in

the certification levels (i.e., basic, intermediate, advanced) that arise from

variations in underlying scores near the three respective cutoffs (i.e., 30, 60,

and 90). SENA has meticulously documented participants’ demographic

characteristics and the specific technical norms for which they sought cer-

tification. Over the course of this period, the program issued approxi-

mately 627,000 distinct certificates to more than 470,000 participants.21 It

is important to highlight that the institutional context remained consistent

throughout the study period. Factors such as the number of evaluators,

program coverage, and exam format remained unchanged since 2017. Sec-

tion 3.1 provides additional information regarding SENA’s data.

3 Data

Our analysis relies on two sources of information. First, we use SENA’s

novel administrative data with information about all participants in the cer-

tification program between 2017 and 2019. Second, given that our primary

data on program participants do not contain information on labor market

21. The number of certificates exceeds the number of participants due to individuals
being eligible for certification in multiple technical norms.
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outcomes after certification, we use administrative records from contribu-

tions to the social security system to obtain income and employment status

information.

3.1 SENA

We obtained data from SENA on all individuals who started the certifica-

tion process between January 2017 and December 2019. The data contain

information on the technical norm individuals applied to be certified on, the

scores on the two-part exam, the test date, employment status at the time

of certification, and socio-demographic information, such as educational

achievement, age, and geographic location. In total, the data set contains

information on 627,340 applications for certification. Table 1 presents de-

scriptive statistics for the complete dataset.

Individuals in the sample are predominantly male. In our analysis, we

focus on the sample of men for two main reasons. First, responses from

women may be obscured by changes in home production activities that are

not accounted for in our data. Second, the sample of men is more homoge-

neous and performs better on the balanced tests for different covariates and

thresholds (see Section 4.2), proving better support to our empirical strat-

egy. However, as discussed in Section 5.3, estimates using the full sample

of men and women are compatible with our core results. As shown in the

second column of Table 1, men in the sample have, on average, 38.5 years

old. Consistent with the type of occupations targeted by the certification

program, there is a large share of low-educated individuals: the proportion

with some college education is only 32%.

As previously mentioned, the first part of the exam is generally considered

a pass for nearly all participants and therefore does not actually determine

their eligibility for the certificate. In fact, the pass rate for the sample of

men stands at 98.9%. The mean score for the second part of the exam

among the sample of men is 82 points, indicating that, on average, par-

ticipants obtain an intermediate certificate. It is worth noting that the

objective of the second part is to assess participants’ comprehension of

concepts and standards outlined in the technical norm. Consequently, de-
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spite participants’ familiarity with the tasks and work activities due to their

work experience, there exists variability regarding the knowledge required

to execute these tasks in accordance with the quality standards. For in-

stance, while all plumbers likely possess the capability to install and repair

drinking water and drainage networks, only the most skilled individuals are

familiar with the design principles of the network that allows them to de-

termine the minimum pipe diameter required for the different devices in the

restroom.22 Given that such knowledge enhances the production and qual-

ity of goods and services associated with specific occupations, we interpret

the results from the second part of the exam as indicative of participants’

occupation-specific skills.

3.2 PILA and Estimation Sample

To obtain the labor market histories, we use employer-employee-linked ad-

ministrative data from the Unified Social Security Contributions Form

(PILA). By law, all workers and firms in the formal sector must report

to PILA their contributions to the social security system. PILA provides

monthly information on wages, payroll-tax payments, employment type

(salaried work or self-employment), and firm and job characteristics. We

also observe workers’ transitions between employers and in and out of PILA.

However, we lack information on individuals working in the informal sector.

We can only match personal identifier numbers between PILA and SENA

data for the subsample of program participants who reported to PILA at

any point during 2010.23 This implies that for individuals who did not

report to PILA in 2010, we cannot observe their labor market outcomes at

any point in time. In the third column of Table 1, we report descriptive

statistics for the matched sample of men. Our estimation sample is the

matched sample of men. Section 5.3 presents additional results for the

matched sample of men and women.

22. For example, according to the technical norm, a Toilet with a flush tank requires
a minimum pipe diameter of 1/2 inch, while a toilet with a Toilet flush valve requires 1
inch, and a urinal with a flushometer requires 3/4 inch.
23. Law 1581 of 2012 is the general legal framework applicable to managing and pro-

tecting personal data. Because of the restrictions imposed by the law, individual iden-
tification numbers were part of PILA only in 2010.
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The matched sample contains 39% of individuals from the entire sample of

men. There are significant differences between the matched and unmatched

samples.24 Nevertheless, the magnitude of such differences is, in most cases,

subtle. First, the matched sample is older than the unmatched one. This

difference is not surprising since matched individuals reported to PILA

in 2010. Hence, younger individuals, who are less likely to have worked in

2010 (seven to nine years before certification), are less likely to be matched.

Second, unemployment is less prevalent in the matched sample. This fact

is also expected since the matched sample contains individuals already

employed at a younger age. Third, individuals are equally likely to obtain

a basic, intermediate or advanced certificate. Importantly, all 912 technical

norms are present in the matched sample.25

We aggregate PILA information at the quarterly level in the following way.

First, our measure of income is the average monthly reported income. Sec-

ond, we classify an individual as employed if he appeared in PILA at least

one month in the quarter. Third, if an individual does not report to PILA

in any month during the quarter, we classify him as not being employed.

Given our data on labor market outcomes, we cannot distinguish unem-

ployment from employment in the informal sector, in which reporting to

PILA is not mandatory. Nevertheless, taking advantage of the self-reported

data on employment in SENA and the employment data on PILA at the

time of certification, we can infer the relevance of the informal sector in our

sample of participants. While the measure of employment in SENA data is

likely more comprehensive than the one from PILA, the employment rate

in both samples is remarkably similar. In both data sets, the overall em-

ployment rate at the time of certification is around 91%, suggesting that

the informal sector is not as relevant for our sample as it may be in the

general population.

Each month, workers must classify their occupational status using PILA’s

24. Descriptive statistics for the matched and unmatched sample of men are displayed
in Table OA1 in online Appendix A.
25. Table OA2 in online Appendix A displays the top 10 technical norms in the matched

and unmatched samples. There is a fair degree of overlap in the more prevalent norms
between the two samples, with only four norms in the top 10 for the matched sample
and not appearing in the top 10 for the unmatched sample.
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categories. We classify individuals as salaried workers if they are catego-

rized as dependents or any other category in which their employers make

contributions to the social security system on their behalf. Conversely, in-

dividuals are classified as self-employed if they report being independent

workers or belonging to any other category in which they have to pay their

entire contribution to the social security system.

Workers are allowed to be certified in multiple norms and 23% of them have

more than one certification. In our preferred specification, we focus on the

returns to the first certificate. As we show in Section 5.3, our conclusions

remain if we restrict the sample to include those with only one certificate

between 2017 and 2019. Lastly, we look at outcomes up to two years after

certification, when the certificates remain valid.26

In our panel, an observation is a worker-quarter pair. The last panel of

Table 1 reports summary statistics on labor market outcomes for the esti-

mation sample within two years of certification. The overall employment

rate in this two-year period is 86%, with 77% of workers being salaried.

The monthly average income is 1,153 thousand Colombian pesos (approx-

imately USD 427 in 2018 dollars).27

26. SENA certificates are valid for three years. However, we choose to look at outcomes
up to two years out because we lack data beyond the third quarter of 2021 and because
we want to get a balanced sample of individuals applying for a certificate between 2017
and 2019.
27. The monthly average income in the estimation sample is above the average mini-

mum wage of 826 thousand Colombian pesos between 2017 and 2021.
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Table 1: Descriptive Statistics

SENA data Estimation Sample

Full Sample Men Only (Men)

A. Demographic Characteristics (SENA)

Demographic Characteristics (Mean)
Male 0.70
Age 38.24 38.53 41.99
Less Than High School 0.19 0.22 0.20
High School 0.41 0.46 0.46
Some College 0.37 0.30 0.30
More Than College 0.04 0.02 0.04

Employment Status (Mean)
Salaried Worker 0.78 0.80 0.87
Self-Employed 0.05 0.05 0.05
Unemployed 0.17 0.15 0.09

B. Certification Program (SENA)

Skills Certified
Technical Norms 912 912 912
Industry Skill Councils 74 74 74

Certification Level (Mean)
No Certification 0.01 0.01 0.01
Basic 0.13 0.13 0.13
Intermediate 0.40 0.39 0.39
Advanced 0.47 0.48 0.47

Certification Two-Part Exam (Mean)
Knowledge 81.97 82.11 82.02
Competence 99.15 98.91 99.02

Individuals 627,340 429,272 181,395

C. Post Certification Labor Market Outcomes (PILA)

Employment Status (Mean)
Salaried Work . . . . . . 0.77
Self-Employment . . . . . . 0.09

Income (Mean) . . . . . .
Income . . . . . . 1,153,149
Ln of Income - Salaried Worker . . . . . . 13.97
Ln of Income - Self-Employed . . . . . . 13.90

Observations . . . . . . 1,434,061

Notes: This table reports descriptive statistics for the full sample of men and women

applying to get SENA certificates between 2017 and 2019 (first column), the restricted

sample of men (second column), and the matched (estimation) sample of men. The esti-

mation sample corresponds to the subsample of workers we could match with PILA. The

first panel reports demographic characteristics and employment information, calculated

using SENA data only. The second panel reports information regarding the certification

program. The last panel shows descriptive statistics two years after certification, using

PILA data. The income variable contains zeros in periods when individuals are not

salaried workers or self-employed.
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4 Empirical Strategy

4.1 Research Design

This section describes the empirical strategy used to estimate the causal

effect on income of obtaining a basic, intermediate, or advanced certificate.

Given the nature of the SENA certification program, we use a sharp re-

gression discontinuity (RD) design (Cattaneo et al. 2020; Lee and Lemieux

2010). In a typical RD design, all units receive a score, and the treatment is

assigned to units with a score above a known cutoff. The key feature of the

RD design is that, given the score, the probability of receiving treatment

changes discontinuously at the cutoff. As long as units cannot sort around

the known cutoff, which can be verified empirically, the abrupt change in

the probability of receiving treatment is as good as random. Therefore, it

can be used to learn about the local causal effect of the treatment.

Let T c
it = 1(scoreit > c) be an indicator variable that takes the value of 1 if

individual i, taking the exam in year t, obtains a certification score, scoreit,

above the threshold c. As noted in Section 3.1, we consider three thresholds:

30, 60, and 90, which correspond to obtaining a basic, intermediate, or

advanced certificate, respectively. The standard local linear estimator of

the RD treatment is implemented by running the following weighted least

squares regression:

Yis = α + βscoreit + δcRDT
c
it + τscoreit × T c

it + γZ ′
i + εis, (1)

where, Zi are predetermined covariates and Yis represents the labor market

outcome of interest s > 0 quarters after certification. Equation (1) is

estimated with only individuals with scores within a chosen bandwidth h,

such that scoreit ∈ [c − h, c + h], and with weights applied according to

some kernel function. The main parameter of interest, δcRD, is estimated as
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δcRD = lim
scoreit↓c

E[Yis|scoreit, Z ′
i]− lim

scoreit↑c
E[Yis|scoreit, Z ′

i]. (2)

Our primary outcome of interest is the natural logarithm of income, which

includes earnings from salaried work and self-employment.28 It is important

to note that PILA data does not capture earnings in the informal sector.

Thus, our findings should be interpreted within the context of returns to

the certificate in the formal sector.

As mentioned in Section 3.2, we look at outcomes up to eight quarters after

certification (that is, s ∈ [1, 8]). The predetermined covariates, Zi, include

age and education dummies. We also include industry skill councils’ fixed

effects and year-of-certification fixed effects.29 Therefore, we estimate the

returns to the certificate by exploiting variation within age, education, year

of certification, and industry groups. Following Cattaneo et al. (2020), we

use a triangular kernel, a first-order polynomial, and choose the bandwidth

to minimize the mean squared error (MSE) of the local polynomial RD

estimator.30 We report RD point estimators with robust bias-corrected

confidence intervals (Cattaneo et al. 2020). Lastly, standard errors are

clustered at the technical-norm level to adjust for the correlations induced

by industry- and occupation-specific unobserved components.

28. By employing log income as the outcome measure, we exclude individuals reporting
zero earnings. This approach helps to avoid potential confounding effects arising from
the impact of signaling on employment. For example, if signaling negatively affects
overall employment, we would observe an increase in zero-income cases, potentially
attenuating the estimated effect on income. A detailed discussion of the effects on
employment can be found in Section 7.
29. Ideally, we would like to include technical norm fixed effects. However, given

the large number of technical norms (912), we instead choose to include industry skill
councils’ fixed effects (74), which can be regarded as industry fixed effects. In addition,
while it would be interesting to add firm fixed effects, which would allow us to estimate
the returns to the certificate within the firm, there is not enough variation in the sample
to perform such an exercise. As a matter of fact, the median proportion of workers
participating in the certification program between 2017 and 2019 is 4% of firms’ total
workers.
30. In Section 5.3, we show that our results are robust to the inclusion of additional

controls (year and location fixed effects or no controls at all), using alternative method-
ologies to choose the bandwidth, using fixed bandwidths, using non-bias-corrected RD
estimates, and not adjusting for the presence of mass points during estimation.
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4.2 Validity of the Design

The main threat to identification in an RD design is the possibility that

program participants actively manipulate their score around the threshold

of interest, implying that individuals just above the threshold are system-

atically different from individuals just below it. To mitigate this concern,

we perform two falsification tests that support the validity of the RD de-

sign. First, we examine the density of the running variable, scoreit, around

each threshold. Second, we investigate whether treated individuals are

similar around each threshold. The intuition for these two falsification

tests is that if individuals cannot manipulate their score, the number of

observations just above the threshold should be similar to the number of

observations just below the threshold and there should be no systematic

differences across groups.

Manipulation of the score seems unlikely in our context for several reasons.

As discussed in Section 2, the test format is multiple choice, and the grad-

ing is performed (by a computer) in a location different from the testing

location, reducing the chances of manipulation. Furthermore, the underly-

ing score is not revealed to participants or employers, who only get to see

the certification level. Figure 1 displays the distribution of the scores.31

Visual inspection of the histogram shows no apparent discontinuities in the

scores around the thresholds of interest: 30, 60, and 90. We formally test

for the presence of manipulation of the score around each threshold using

the test proposed by Frandsen (2017). Frandsen (2017) is the adequate ma-

nipulation test in our context since the running variable has mass points at

integer values. The critical parameter in the manipulation test is k, which

dictates the maximum degree of nonlinearity in the probability mass func-

tion that is still considered compatible with the absence of manipulation.32

The results of the manipulation test around all three thresholds lead us to

31. In the histogram in Figure 1, we exclude the highest score, 100, since it represents
a significant mass point, denying a straightforward exploration of continuity. In Figure
OA2 in online Appendix A, we display the complete histogram.
32. A smaller k means even tiny deviations from linearity will lead the test to reject

the null of no manipulation with high probability (Frandsen 2017). We choose k using
the entire distribution of the running variable, not just around the thresholds. Given
our sample, the maximum suggested value for k is 0.001.
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fail to reject the null hypothesis of absence of manipulation (p-value = 1).

Figure 1: Distribution of Scores

Notes: This figure displays the distribution of scores in the second part of the certifica-

tion exam (knowledge test) for the matched sample of men. The histogram excludes the

highest score, 100, since it represents a significant mass point, denying a straightforward

exploration of continuity. In Figure OA2 in online Appendix A, we display the complete

histogram.

To perform the falsification analysis on predetermined characteristics, we

estimate Equation (1), using each characteristic as the outcome variable.

We analyze the set of predetermined covariates used in the primary anal-

ysis, Zi, and income at the time of certification (that is, s = 0). The

results are presented in Table 2. Our analysis shows that, at the moment

of certification, individuals just below the threshold for receiving a basic

certificate are not statistically different from individuals just above the

threshold in terms of age or schooling. In addition, there are no observed

differences regarding the reported income at the time of certification. We

reach the same conclusion for individuals around the intermediate and ad-

vanced thresholds. In all, our tests show a smooth evolution through the

different thresholds, confirming that participants just above and below the

respective cutoffs are very similar.
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Table 2: Covariate Balance Check

(1) (2) (3)
Threshold 30 Threshold 60 Threshold 90

Age 1.204 -0.142 -0.105
(0.959) (0.342) (0.734)
[48.255] [45.369] [44.739]

High School 0.052 -0.049 -0.050
(0.054) (0.019) (0.032)
[0.475] [0.506] [0.483]

Some College -0.014 -0.001 -0.031
(0.061) (0.023) (0.056)
[0.200] [0.265] [0.304]

More Than College 0.017 0.006 0.001
(0.007) (0.004) (0.014)
[0.015] [0.035] [0.042]

Income at Certification (1000s) 36.989 -31.001 91.652
(50.301) (29.250) (79.819)
[863.888] [1,024.739] [1,121.895]

Number of Observations 181,395 181,395 181,395
Effective # of Control Observations 774 11,141 8,819
Effective # of Treatment Observations 2,894 17,158 19,950
Bandwidth 8.600 9.900 3.300

Notes: Standard errors are reported below the point estimates in parentheses. Standard

errors are clustered at the technical norm level. The sample mean for the control group

is displayed below the standard error in squared brackets. For each threshold, the

analysis uses a fixed bandwidth that is the average of the optimal bandwidths in Table

3. Bandwidths are displayed below the effective number of observations.

5 Results

In this section, we present the core results. We use Equation (1) to esti-

mate the returns from obtaining a given certification level. Our primary

outcome of interest is the natural logarithm of income. We begin by exam-

ining the returns from the basic and intermediate certificates, separately.

Subsequently, we present the estimates for the advanced certificate. These

results allow us to directly investigate the distributional effects associated

with the content of the signal.

5.1 Effects of Obtaining a Basic or Intermediate Cer-

tificate

With regard to the basic certificate, the first panel of Table 3 displays the

results on the log of income for quarters one to eight after certification.
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Figure 2 presents a visual depiction of the effects on log income one, four,

and eight quarters after certification. Following Equation (2), the effect

of obtaining a basic certificate is measured by the discontinuity observed

between individuals who score just below 30 points and those who score

just above 30 points. In general, our estimates reveal no discernible effect

on income within the first two years following certification. Specifically, for

individuals with a basic certificate, income remains unchanged even after

eight quarters, relative to marginal individuals without a certificate.

Figure 2: Sharp Regression Discontinuity Estimates of the Short- and
Medium-Term Effects of Obtaining a Basic Certificate on Log of Income

(a) Quarter One (b) Quarter Four (c) Quarter Eight

Notes: The three figures summarize the estimated results of Equation (1), one, four,

and eight quarters after certification, using the log of income as the main outcome. The

running variable is the exam score, and the discontinuity threshold is 30. The regressions

include the controls described in Section 4.

Turning to the effects of acquiring an intermediate certificate, the second

panel of Table 3 presents the results on the log of income one to eight

quarters after certification. The effect is measured by the discontinuity

observed between individuals who score just below 60 points and those

who score just above 60 points. Figure 3 presents a visual depiction of

the effects one, four, and eight quarters after certification. Our analysis

indicates no effect on income for individuals obtaining an intermediate

certificate relative to marginal individuals who obtain a basic certificate.

Two plausible explanations can account for the absence of returns from

obtaining either a basic or an intermediate certificate. First, it is possible

that the basic and intermediate certificates do not provide new information

about workers’ productivity, thus leading to minimal revisions in employers’

priors and, consequently, earnings.33 Second, the basic or intermediate cer-

33. One may be worried that employers pay lower wages when the certificate is not
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Figure 3: Sharp Regression Discontinuity Estimates of the Short- and
Medium-Term Effects of Obtaining an Intermediate Certificate on Log of
Income

(a) Quarter One (b) Quarter Four (c) Quarter Eight

Notes: The three figures summarize the estimated results of Equation (1), one, four,

and eight quarters after certification, using the log of income as the main outcome. The

running variable is the exam score, and the discontinuity threshold is 60. The regressions

include the controls described in Section 4.

tificates may not significantly enhance workers’ prospects for transitioning

to other firms (for salaried workers, unemployed, or self-employed individ-

uals). Potential employers likely do not want to incur the costs of poaching

average workers and, consequently, there is no incentive for current em-

ployers to increase wages in response.

as expected (e.g., basic certificate). However, this is likely not the case given that, in
the Colombian labor market, wages are characterized as downward rigid (Agudelo and
Sala 2017). Likewise, it is unlikely that workers would be fired for not getting a given
certification level, as such a decision would violate the principles of cause termination.
Additionally, as discussed in Section 7, analysis of the transitions does not reveal ev-
idence compatible with workers being fired for performing below expectations in the
certification exam.
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5.2 Effects of Obtaining an Advanced Certificate

For the advanced certificate, the results for all eight quarters are displayed

in the third panel of Table 3. Figure 4 presents a visual depiction of the

effects on the log of income one, four, and eight quarters after certification.

For all quarters, obtaining an advanced certificate has a substantial effect

on income. The estimated effect is relatively stable over time, ranging

between 8.7% and 12.7%.

The sizable returns associated with acquiring an advanced certificate sug-

gest that it provides new and reliable information to incumbent employ-

ers. By obtaining an advanced certificate, individuals can effectively signal

their advanced occupation-specific skills, thereby conveying valuable in-

formation about their productivity, which employers reward by increasing

wages. In this sense, the certificate serves as a screening mechanism, en-

abling firms to identify and appropriately compensate the most productive

workers. Moreover, to the extent that the information conveyed by the

certificate is trusted within the labor market, an advanced certificate also

enables workers to signal their skills to potential employers. Therefore,

income adjustments may arise from new employers seeking to attract the

most productive workers or current employers aiming to retain their tal-

ented workforce. Obtaining an advanced certificate can therefore lead to

wage growth within the firm, even when the current employer knows ac-

curately the worker’s productivity. In Section 7, we further discuss these

possibilities. Lastly, the stability of returns over time further indicates

that employers do not typically update or revise their expectations about

productivity after certification.

There are three additional considerations to highlight. First, our returns

for the advanced certificate are within the range of estimated returns to

certification in developed economies (Albert 2017; Kleiner and Krueger

2013; Kleiner and Vorotnikov 2017). Second, like previous estimates in

the literature, we provide evidence that returns to signaling are captured

only by workers with advanced skills (Bassi and Nansamba 2022). Second,

our estimated returns to signaling advanced occupation-specific skills are

comparable to spending an additional year at school in Colombia (Garcıa-
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Figure 4: Sharp Regression Discontinuity Estimates of the Short- and
Medium-Term Effects of Obtaining an Advanced Certificate on Log of In-
come

(a) Quarter One (b) Quarter Four (c) Quarter Eight

Notes: The three figures summarize the estimated results of Equation (1), one, four,

and eight quarters after certification, using the log of income as the main outcome. The

running variable is the exam score, and the discontinuity threshold is 90. The regressions

include the controls described in Section 4.

Suaza et al. 2014; Herrera-Idárraga et al. 2015; Morales et al. 2021). In

that sense, the certificate seems to transfer information about a worker’s

productivity that is as valuable as that coming from schooling. Such a

conclusion is important for individuals with characteristics similar to our

estimation sample—namely, less educated workers in their late thirties who

have finished school and likely have limited opportunities for wage growth.

5.3 Robustness Checks

We consider several alternative specifications to evaluate the robustness of

our findings. The complete set of results is presented in online Appendix

B. Upon examination of the estimates, it becomes evident that our main

conclusions remain robust across various specifications and samples.

In Figure OA3 in online Appendix B, we show that our main conclusions

are robust to using different specifications to evaluate the effects of the cer-

tificate.34 For instance, our core findings are robust to including year and

location fixed effects, excluding controls, using an optimal bandwidth that

minimizes the coverage error, using a fixed bandwidth, employing both a

fixed bandwidth and a sample reporting earnings in all eight periods con-

34. The complete set of results, with detailed information on standard errors, number
of observations, and bandwidth, are presented in Tables OA4 to OA6 in online Appendix
B.
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sidered (leading to a fixed number of total and effective observations over

time), using non-bias-corrected RD estimates (Calonico et al. 2014), and

not adjusting for the presence of mass points during estimation. The mag-

nitude and significance of the returns to signaling occupation-specific skills

remain in all specifications. The most notable deviation arises when em-

ploying a fixed bandwidth to evaluate the effects of obtaining an advanced

certificate. However, even in this case, the estimates consistently confirm

the existence of positive and significant returns. On average, these returns

amount to 80% of the baseline estimates.

In addition, in Tables OA7 to OA9 in online Appendix B, we show that

our main conclusions are robust to using different samples.35 First, our

primary findings remain largely unchanged when utilizing a sample com-

prising both men and women. In this scenario, acquiring either a basic or

intermediate certificate yields no returns, whereas obtaining an advanced

certificate leads to positive, significant, and permanent returns. Compared

to the baseline results for the advanced certificate, the returns in the full

sample are consistently larger and more precisely estimated for all quar-

ters. This observation implies that women face larger returns to signaling

occupation-specific skills, which aligns with traditional models of statistical

discrimination. According to these models, employers possess prior beliefs

that women have lower productivity than men, resulting in differential com-

pensation (Aigner and Cain 1977; Lang and Spitzer 2020). The presence

of an advanced certificate likely corrects these prior beliefs by providing

evidence that both men and women possess equivalent occupation-specific

skills. Consequently, the proportional increase in returns for women should

be greater.

Second, our main conclusions remain mostly unchanged when we restrict

the sample to include only men who applied for just one certificate in 2017,

2018, and 2019. For the advanced certificate, the results are slightly smaller

in magnitude and less precisely estimated, suggesting that the marginal

value of signaling more than one occupation-specific skill within an industry

35. The complete set of results for alternative samples, with detailed information on
standard errors, number of observations, and bandwidth, are presented in Tables OA7
to OA9 in online Appendix B.
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is somewhat important. Therefore, our results may be partly driven by

the presence of multiple certificates or the existence of complementarities

between certificates.

Third, to account for the fact that our measure of income may be subject

to underreporting, we analyze two subsamples to evaluate the robustness

of our results.36 First, we estimate Equation (1) excluding self-employed

individuals, who are more likely to underreport earnings. Second, we use

a more restricted sample consisting of those individuals who only worked

as salaried employees within the two years following certification. Over-

all, the conclusions for all three certificates remain robust, suggesting that

underreporting does not significantly influence our main results.

To further validate our results, we perform a falsification test to look at

placebo thresholds, that is, thresholds other than the real thresholds de-

termining the treatment assignment (Cattaneo et al. 2020). The intuition

behind this falsification test is that the probability of receiving treatment

should change abruptly only at the true thresholds. Hence, we should not

observe abrupt changes in log income at artificial thresholds. We perform

the falsification tests by estimating Equation (1) using six placebo thresh-

olds: 25, 35, 55, 65, 85, and 95. The results are summarized in Figure

OA5 in online Appendix B.37 We find no effect on log income for any of

the alternative thresholds, which further validates our research design.

The evidence in this section suggests that our dataset satisfies the critical

assumptions for sharp RD estimation. Furthermore, our core findings are

not driven by a specific bandwidth choice or specific controls and are not

affected by underreported income. Moreover, we provide evidence that our

key insights are not sample-specific.

36. In Colombia, the monthly contribution to social security includes three categories:
pension, health insurance, and insurance to cover occupational hazards. Since the cover-
age does not depend on the contribution for health and occupational hazards, individuals
have incentives to underreport earnings obtained from self-employment or working in the
informal sector. Such an incentive does not exist for salaried workers since the employer
makes the payments, which count as labor expenses toward tax returns.
37. The complete set of results for placebo thresholds, with detailed information on

standard errors, number of observations, and bandwidth, are presented in Table OA10
in online Appendix B.
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6 Heterogeneity

The estimates from Section 5 provide compelling evidence that signal-

ing advanced occupation-specific skills yields significant returns. However,

we find no effects from signaling basic or intermediate occupation-specific

skills. A key question is whether these returns differ across various groups

of workers. In this section, we explore how different the returns are based

on education and initial employment status.38 Furthermore, for salaried

workers at the time of certification, we analyze heterogeneous returns by

tenure and firm size.

Besides studying whether the results are concentrated in certain population

groups, the heterogeneity analysis provides insights regarding how general

our results are. As explained in Section 3, because of data constraints,

our analysis focuses on a subsample of program participants who reported

to PILA at any point during 2010. Given the small but significant differ-

ences between the matched and unmatched samples regarding education

and initial employment status, exploring how estimates change with these

characteristics gives us a better understanding of how the results would

look if data were available to all participants.

The heterogeneity results are summarized in Figure 5. Each panel presents

results for each type of certificate and different subgroups. The first panel

shows the estimated effects for the basic certificate, while the second and

third panels display the effects for the intermediate and advanced certifi-

cates, respectively. We focus on quarters 1, 4, and 8 after certification.

Complete results for all eight quarters are displayed in Tables OA11 to

OA13 in online Appendix C. Although our estimation sample is big, divid-

ing it into different subgroups significantly reduces the number of obser-

vations near the threshold to the point that, in some cases, the sample is

too thin to support strong claims. This issue is particularly salient for the

basic certificate.

38. We also explore heterogeneity by age and find no evidence of heterogeneous effects
for the basic and intermediate certificates. Returns for the advanced certificate do not
seem to vary with age either.
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Figure 5: Sharp Regression Discontinuity Estimates of the Effects on Log
of Income: Heterogeneity Analysis

Notes: Each plot displays the estimate for the main coefficient of interest in Equation

(1) and its 95% confidence interval, one, four, and eight quarters after certification.

The outcome is the log of income. The running variable is the exam score, and the

discontinuity threshold is 30 for the basic certificate, 60 for the intermediate certificate,

and 90 for the advanced certificate. The first panel corresponds to the basic certificate,

the second for the intermediate certificate, and the third for the advanced certificate.

We show results by initial education level (rows 1 to 3) and initial employment status

(rows 4 to 6). For salaried workers (at certification), we also present the results by

tenure (rows 7 and 8) and firm size (rows 9 and 10). All regressions include the controls

described in Section 4, use a triangular kernel, and use the bandwidth that minimizes the

mean squared error of the local polynomial regression discontinuity estimator. Standard

errors used to compute the 95% confidence interval are clustered at the technical norm

level. Detailed results for all eight quarters are displayed in Tables OA11 to OA13 in

online Appendix C. 29



6.1 Returns by Education Level

The first three rows of Figure 5 present RD estimates for the returns to

signaling for various subgroups of individuals who differ in their education

level at the time of certification: less than high school, high school, and

more than high school. Like our core results, we do not find evidence of

significant returns for workers with or without a high school diploma who

obtained a basic certificate. Workers with at least some college education

display a range of returns from negative to null, transitioning to positive,

throughout quarters one to eight. However, the number of observations

around the threshold is too small to support strong claims. We find similar

results for workers with or without a high school diploma who obtained

an intermediate certificate. Nevertheless, we estimate a negative effect on

income for individuals with some college education or more, which decreases

in magnitude and significance towards quarter 8 (-6.8%, on average).

Unlike the basic and intermediate certificates, we observe a gradient of pos-

itive and significant returns for the advanced certificate. For all quarters,

the largest effect is estimated for workers with at least some college educa-

tion (an average of 14.1% over quarters one to eight). In some cases, the

returns for the more educated are two times larger than those for the least

educated. Such a finding indicates that information about schooling rein-

forces the revelation of ability provided by the certificate, as suggested by

Arcidiacono et al. (2010). In that sense, employers seem to complement the

signal from the certificate with information from formal education, update

their priors about productivity, and pay accordingly.

6.2 Returns by Employment Status at the Time of

Certification

Rows 4 to 6 of Figure 5 present RD estimates for subgroups of participants

that differ in their employment status at the time of certification: unem-

ployed, self-employed, and salaried. For the basic certificate, the sample

size for the first two categories is too small to draw general inferences. We

also find no evidence of heterogeneous effects regarding initial employment

status for the intermediate certificate, with the exception of some negative
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effects for self-employed workers.

For the advanced certificate, our analysis reveals positive returns for all

workers except those initially unemployed. In this sense, the certificate

does not seem to facilitate transitions from unemployment to higher-paid

jobs. While we estimate positive and significant effects for workers who

were initially self-employed, the returns take time to materialize, becom-

ing evident after one year of certification. The delay in responses may be

partially explained by the fact that some self-employed individuals even-

tually transition into salaried work, where higher-paid jobs are found. We

provide evidence of these mechanisms in Section 7. Lastly, the effect on

income for individuals who are salaried workers at the time of certification

closely resembles our core estimates.

6.3 Returns by Tenure and Firm Size

The results in the previous section indicate that the estimated effects of the

advanced certificate are mostly driven by individuals who are either self-

employed or salaried workers at the time of certification. To have a better

understanding of these results and the potential underlying mechanisms,

in this section, we focus on salaried workers and explore heterogeneity by

tenure at the time of certification and firm size. The results are displayed

in the last four rows of Figure 5.

We start by dividing the sample of salaried workers into two groups: less

than three years of tenure and three or more years.39 Our estimates reveal

that the returns associated with the advanced certificate are primarily ob-

served among salaried workers with a minimum of three years of tenure.40

One potential explanation to reconcile these findings is that, while em-

ployers revise their priors about workers’ productivity upon observing the

certificate, promotion or wage adjustments are usually available for tenured

workers, for whom we estimate large and significant effects. In other words,

39. The choice of three years to define tenure groups is motivated by the findings in
Lange (2007), who estimates that expectation errors regarding worker’s productivity at
the beginning of the match are reduced by half within three years of tenure.
40. For the basic and intermediate certificates, we find no effects on income in any of

the tenure groups.
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the certificate helps sort high-skilled tenured individuals who are eligible

for promotions, acting as a screening device. In this sense, employers can

rely on the certificate to choose among the most productive workers to fill

out the few available positions. First, the certificate provides a mechanism

to determine relative performance among the top workers, which is known

as a key determinant for promotions (DeVaro 2006). Second, the certificate

can be used to break ties among tenured workers, providing firms with an

objective criterion for awarding promotions.41 Importantly, the existence of

limited positions within firms makes wage adjustments unlikely even after

relevant information has been revealed to current and potential employers.

In addition, our results suggest that the certificate does not necessarily

facilitate job-to-job transitions and that most movements occur within the

firm. Otherwise, we would observe effects for salaried workers regardless of

their tenure. We evaluate these mechanisms in Section 7.

To further support the notion that the advanced certificate is a screen-

ing device facilitating promotions, we explore the heterogeneity of returns

by firm size. In principle, larger firms offer better career progression op-

portunities than smaller firms (Oi and Idson 1999). Subsequently, if the

advanced certificate acts as a screening device, the effects among salaried

workers should be mostly driven by those in large firms. We corroborate

this possibility by dividing our sample of salaried workers at the time of

certification into two groups: those working at small firms (i.e., 1 to 50 em-

ployees) and those working at large firms (i.e., more than 50 employees).

Consistent with our hypothesis, we find no effects on earnings for salaried

workers in small firms and large and significant effects for individuals work-

ing in large firms at the time of certification.42

6.4 Heterogeneity Remarks

The previous results suggest that gains from signaling exhibit some degree

of variation among different groups of workers. On the one hand, we do

41. Benson et al. (2019) discusses the importance of establishing criteria for promotion
that do not lead to perceptions of favoritism or unfairness or the impression that effort
in one’s job goes unrewarded.
42. For the basic and intermediate certificates, we find no effects on income at any firm

size.
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not find strong evidence of heterogeneity regarding education or initial em-

ployment status for basic and intermediate certificates. On the other hand,

for the advanced certificate, the returns increase with formal education and

are positive only for individuals who are initially salaried or self-employed.

As previously mentioned, our findings can be used to gauge the generaliz-

ability of our results. In Section 3, we showed that individuals in the esti-

mation sample are less likely to be unemployed and slightly more educated.

Given the absence of evidence of heterogeneity in terms of education and

initial employment status for the basic and intermediate certificates, our

findings should be largely similar to those we would obtain if we had PILA

data for all program participants. Conversely, our results likely provide

an upper bound for the effects of obtaining an advanced certificate since

salaried and more educated workers are overrepresented in our sample, and

they captured the largest returns.

Moreover, the heterogeneity analysis hints at the forces behind income ad-

justments. First, the certificate seems to convey important information

about workers’ productivity to potential employers. For instance, self-

employed individuals experience an increase in income a few quarters after

being certified, only after transitions into salaried work occurred, which is

compatible with traditional signaling models in the context of a frictional

labor market. Second, the certificate also appears to bring additional in-

formation to incumbent employers regarding workers’ productivity. Nev-

ertheless, the evidence indicates that promotions and wage adjustments

are potentially limited to tenured workers in large firms. Therefore, the

certificate acts as a screening device, helping sort high-skilled tenured in-

dividuals.43

43. It can be argued that in some cases, the certificate enables workers to perform
tasks they were not allowed before, and consequently, it helps boost earnings within the
same firm. Nevertheless, such technical norms (i.e., regulated) are not considered in the
analysis, and therefore, we do not contemplate such a mechanism.
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7 Mechanisms

Our baseline estimates suggest that signaling basic or intermediate occupation-

specific skills does not affect income, whereas signaling advanced skills has

a large positive effect. In addition, the heterogeneity results indicate that

changes in income may result from moves across employment sectors (for

example, from self-employment to salaried work) or within employment sec-

tors (for example, promotions within firms). In light of these findings, in

this section, we formally discuss the potential mechanisms driving our core

results. Motivated by our empirical findings, we develop a search model

of salaried work and self-employment with asymmetric information on an

individual’s occupation-specific skills. We summarize the model below, and

the model’s detailed description is relegated to Appendix A.

To match the characteristics of the labor market under analysis, we assume

the labor market comprises two sectors: salaried work and self-employment.

Individuals have either no skills, low skills, or high skills to perform a par-

ticular occupation.44 Firms have one of three types of productivity: low,

intermediate, and high. Our measure of ability is equal to the occupation-

specific skill individuals possess. For simplicity, we assume ability is fixed.

Individuals also differ in self-employment productivity. The surplus gen-

erated by each firm type depends on the match quality between the firm

and the workers. For instance, high-skilled workers generate larger output

when matched to a high-type firm.

In the model, an individual chooses to be a salaried worker, self-employed,

or unemployed. Each period, unemployed and self-employed individuals

face a chance of receiving a job offer from one type of firm. Self-employment

is readily available to all workers. We assume asymmetric information on

workers’ skills such that the probability of receiving an offer depends on

the expected productivity of the worker at the matched firm.

44. The model does not distinguish between individuals with low and intermediate
skills and, consequently, cannot be used to understand the effects of obtaining an in-
termediate certificate. We choose to work with a simpler model since the results for
intermediate certificates indicate no effect on earnings relative to individuals obtaining
a basic certificate.
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Since production at a given firm depends on the worker type, firms try to

identify the worker’s type through a screening mechanism (for example, a

job interview) that generates a signal. We interpret the SENA certificates

as a credible device that increases the precision of the signal. Therefore, the

certificate helps reveal the worker’s productivity to the firm and changes

the expected value of the match with a firm. Given the introduction of

SENA certificates, the model predicts the following testable implications

for labor market outcomes. First, regarding income, we derive Proposition

1.

Proposition 1 (Income). Conditional on being a salaried worker, the fol-

lowing is true:

(i) Income for high-skilled workers with advanced certificates increases

since they are more likely to be employed at high-productivity firms.

(ii) The effect on income is ambiguous for individuals with low skills who

get a basic certificate. The direction of the effect is a function of

productivity differences across worker types and the former precision

of the signal.

(iii) The effect on income is also ambiguous for individuals without skills

who do not get a certificate.

Second, we derive Proposition 2 regarding the employment sector of choice.

Proposition 2 (Employment). The following is true for workers after re-

ceiving the certificate:

(i) High-skilled workers reallocate to (or continue to work for) high-productivity

firms and are less likely to be employed at type-m or type-l firms. Self-

employed high-skilled individuals are also more likely to receive (and

accept) offers from type-H firms, and, at the same time, some individ-

uals (for example, those formerly employed in type-l firms) move to

self-employment. Therefore, the overall effects on salaried work and

self-employment are ambiguous.

(ii) Low-skilled workers are less likely to be employed at high-productivity
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firms and more likely to reallocate to (or continue to work for) medium-

productivity firms. They are also more likely to reject offers from low-

productivity firms. As low-skilled workers are equally productive in

self-employment and working at medium-productivity firms, the over-

all effects on salaried work and self-employment are ambiguous.

(iii) The effects for workers without skills who receive no certificate are

equivalent to those for low-skilled workers.

The theoretical predictions of the model regarding income largely map the

effects documented in Sections 5.1 and 5.2. In what follows, we empirically

test the theoretical implications regarding the reallocation of workers. We

start by exploring the effects on salaried work and self-employment for

the three thresholds of interest. Motivated by the findings in Section 6,

we discuss implications by employment status at the time of certification:

unemployed, self-employed, and salaried.

We start by discussing the effects of obtaining a basic certificate. The re-

sults are displayed in Figure 6.45 We find no evidence of increases in salaried

work or self-employment for individuals who are unemployed at the time of

certification. We also find suggestive evidence indicating that individuals

move from self-employment to salaried work, resulting in positive income

effects. However, the sample size is too small to make any strong claims.

Consistent with the model, we find that signaling basic occupation-specific

skills does not motivate marginal salaried workers to move out of salaried

work.46 The absence of changes in salaried work further suggests that

workers are not fired upon displaying a basic certificate. Intuitively, if indi-

viduals were fired upon showing their (not-so-encouraging) certificate, we

may observe a reduction in salaried work accompanied by (involuntary)

increases in self-employment or unemployment.

The results for advanced-certificate holders, by employment status at the

45. Detailed results for the basic certificate, by employment status at the time of
certification, are shown in Table OA14 in online Appendix C.
46. The results for the intermediate certificate also suggest no movements across em-

ployment sectors. These results for the intermediate certificate, by initial employment
status, are summarized in Figure A1 in Appendix B. Detailed results are displayed in
Table OA15 in online Appendix C.
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time of certification, are displayed in Figure 7.47 Our results strongly sup-

port the model’s prediction that individuals initially self-employed transi-

tioned to salaried work after obtaining the certificate, resulting in positive

income effects. The effect on salaried work appears three quarters after

certification, consistent with a frictional labor market (Lain 2019; Narita

2020). In opposition, we do not find evidence of increases in salaried work

for those initially unemployed. Such a pattern also explains why the ad-

vanced certificate has no positive returns. Together, these findings suggest

that employers complement the signal from the certificate with information

from current employment status. In that sense, obtaining an advanced

certificate is not enough to compensate for the negative signal of being

unemployed.

As predicted by the model, salaried workers at the time of certification, for

whom we estimate a sizable effect on income, continue with the same status

upon getting the advanced certificate. Although not explicitly accounted

for in the model, this sizable effect on income may result from promotions

within the same firm or moves to other firms. In other words, moving to

a more productive firm in the model could be regarded as moving to a

better-suited job within the same firm in our data. In the last two rows of

Figure 7, we document that job-to-job transitions significantly increase by

4.2% in the first quarter after certification and by smaller and insignificant

percentages after that. Moreover, in Table 4, we show that the change

in income one and two years after certification exists only for individuals

who did not undertake job-to-job transitions. Therefore, returns are only

coming from within-firm adjustments. Although we cannot disentangle if

adjustments are due to promotions or wage increases without moving up the

organizational ladder, the results show that firms are willing to compensate

tenured workers with advanced certificates.

47. Detailed results for the advanced certificate, by initial employment status, are
shown in Table OA16 in online Appendix C.
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Figure 6: Sharp Regression Discontinuity Estimates of the Short- and
Medium-Term Effects of Obtaining a Basic Certificate by Initial Employ-
ment Status: Additional Outcomes

Notes: Each plot displays the estimate for the main coefficient of interest in Equation

(1) and its 95% confidence interval, one to eight quarters after certification, for four

outcomes: salaried work, self-employment, log of income, and job-to-job transitions (for

salaried workers only). The running variable is the exam score, and the discontinuity

threshold is 30. All regressions include controls described in Section 4, use a triangular

kernel, and use the bandwidth that minimizes the mean squared error of the local

polynomial regression discontinuity estimator. Standard errors used to compute the

95% confidence intervals are clustered at the technical-norm level. Detailed results are

displayed in Table OA14 in online Appendix C.
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Figure 7: Sharp Regression Discontinuity Estimates of the Short- and
Medium-Term Effects of Obtaining an Advanced Certificate by Initial Em-
ployment Status: Additional Outcomes

Notes: Each plot displays the estimate for the main coefficient of interest in Equation

(1) and its 95% confidence interval, one to eight quarters after certification, for four

outcomes: salaried work, self-employment, log of income, and job-to-job transitions (for

salaried workers only). The running variable is the exam score, and the discontinuity

threshold is 90. All regressions include controls described in Section 4, use a triangular

kernel, and use the bandwidth that minimizes the mean squared error of the local

polynomial regression discontinuity estimator. Standard errors used to compute the

95% confidence intervals are clustered at the technical-norm level. Detailed results are

displayed in Table OA16 in online Appendix C.
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Table 4: Sharp Regression Discontinuity Estimates of the Effects of Ob-
taining an Advanced Certificate: Income and Job-to-Job Transitions

(1) (2) (3) (4)
Outcome Quarter 4 -

J2J Transi-
tion

Quarter 8 -
J2J Transi-
tion

Quarter 4
- No J2J
Transition

Quarter 8
- No J2J
Transition

Ln (Income) 0.084 0.086 0.136 0.107
(0.094) (0.061) (0.033) (0.036)

# of Observations 23,599 32,661 116,295 90,188
Eff. # of Control Obs. 912 1,548 6,074 4,701
Eff. # of Treatment Obs. 2,246 3,573 12,755 9,616
Bandwidth 2.448 3.026 3.599 3.393

Notes: Each cell displays the estimate for the main coefficient of interest in Equation

(1). In columns 1 and 2, the outcomes are the log of income one and two years after

certification for individuals who did not undertake a job-to-job (J2J) transition in the

corresponding periods. Columns 3 and 4 report similar results for individuals who

undertook a job-to-job transition after one and two years of certification, respectively.

The running variable is the exam score, and the discontinuity threshold is 90. All

regressions include controls described in Section 4, use a triangular kernel, and use the

bandwidth that minimizes the mean squared error of the local polynomial regression

discontinuity estimator. We report robust bias-corrected standard errors below the

point estimates in parentheses. Standard errors are clustered at the technical-norm

level.

In Section 6, we found that salaried workers with advanced certificates and

less than three years of tenure do not capture any returns. These workers

also decide to remain with the same employer. Likely, transitioning into a

new firm after a short spell can be interpreted as a negative signal (e.g.,

Benson and Lepage 2023; Pries and Rogerson 2022; Schönberg 2007). Ad-

ditionally, if promotions are restricted to tenured workers, movers would

not improve their prospects since they lose seniority and still have to accu-

mulate the time necessary for promotion.48

Furthermore, our findings suggest that traditional models assuming that

wages adequately capture new information about productivity may under-

state the importance of internal market frictions.49 In such a way, these

results cast further doubts about the ability of wages to aggregate infor-

mation about productivity in developing countries.

48. These patterns are also compatible with the well-documented fact that firms prefer
to train and promote their own workers (Demougin and Siow 1994).
49. The relevant literature and examples of this family of models can be found in

Rubinstein and Weiss (2006).
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Overall, our results for the advanced certificate can be explained mainly by

two mechanisms. First, for self-employed individuals, increases in income

result from their ability to signal advanced occupation-specific skills to

prospective employers. Second, for salaried workers, increases in income

result from the possibility of demonstrating advanced skills to incumbent

and potential employers. This can lead to adjustments by employers who

wish to retain their talented workforce and use the certificate as a screening

device.

8 Conclusion

In this paper, we provide causal evidence of the effect of signaling occupation-

specific skills on income. We take advantage of a novel program of certifi-

cations in Colombia that assesses workers’ abilities in particular tasks and

employ a regression discontinuity design to estimate the certificate’s re-

turns. Our study design is unique in that it allows us to evaluate the effect

of the signal’s content, as the certification program offers three levels of

certification: basic, intermediate, and advanced. We estimate returns on

earnings up to two years after certification and find that the effects vary

significantly with the signal content.

On the one hand, workers with a basic or intermediate certificate have no

effects on earnings within two years. On the other hand, there is a sizable

effect on average earnings (9.7%) for individuals with advanced certificates.

We further explore whether returns differ across various groups of workers.

We observe a gradient of positive and significant returns for the advanced

certificate based on schooling. In addition, we find positive returns for

all workers displaying an advanced certificate, except for those initially

unemployed.

Overall, our findings suggest that obtaining an advanced certificate sig-

nificantly impacts earnings through two main channels. First, it helps

incumbent employers to update their knowledge about workers’ productiv-

ity, leading to higher compensation. However, such increases are limited by

opportunities for promotion and wage adjustment, which are more common
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in large firms and among tenured individuals. Second, the advanced certifi-

cate allows individuals to effectively signal their occupation-specific skills

to potential employers, increasing their likelihood of receiving new job of-

fers. Nevertheless, the differential effect observed for unemployed and self-

employed individuals suggests that employers complement the signal from

the certificate with information regarding current employment status. In

such a way, obtaining the certificate only partially alleviates inefficiencies

due to information frictions, even among the workers with advanced skills.

Our evidence points out to other sources of frictions important enough to

prevent particular groups of workers to captures the returns. Such a find-

ing has important policy implications since it suggest that the provision of

information alone has limited capacity to correct wages below productivity.

Our research provides compelling evidence that skill certification programs

have some potential to impact earnings substantially among high-skilled

individuals. Nevertheless, it is important to acknowledge one caveat when

interpreting our findings. Our sample is confined to Colombia, which im-

plies that our results primarily pertain to labor markets characterized by

significant information frictions and wage rigidities. In this sense, our find-

ings hold broader implications for developing countries sharing similar labor

market characteristics.
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Appendix A Model of Salaried Work and

Self-Employment

Setup

The following model is based on Bassi and Nansamba (2022), and it is

extended to account for self-employment and to better adjust to the treat-

ment explored in our paper. It builds on the framework of McCall (1970)

and the literature on on-the-job search models with heterogeneous firms

and self-employment (Albrecht et al. 2009; Narita 2020).
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The labor market is composed of two sectors: salaried work and self-

employment. There are three types of individuals, which we refer to as

N, L, and H, for individuals with no, low, and high skills, respectively.50

There are also three types of firms, which we refer to as L, M, and H, for

low-, medium- and, high-productive firms, respectively. Both firms and

workers have mass one, so there is always a possible match between them.

Individuals differ in their ability to perform an occupation. A fraction ϕn

of workers have no skills, a fraction ϕl has low skills, and the rest of the

workers have high skills.

Firms differ in productivity. The surplus generated by each firm type de-

pends on the match quality between the firm and the workers, as defined

below. Each firm only hires one worker, who inelastically supplies one labor

unit. As a result, firms only differ in productivity, which we allow to be

match specific. A firm of type H produces a surplus equal to yhH = a when

matched to a type-h worker and a negative surplus equal to ylH = −b when

matched to a worker of type l or n. A type M firm produces a surplus

equal to yhM = c when matched to a type-h or type-l worker. The surplus is

negative ylM = −d when matched to a type-n worker. Lastly, workers are

equally productive at type-N firms, generating a surplus equal to e, such

that a > c > e > 0. Self-employment productivity increases in the type of

worker.

Search model with two sectors: Individuals in the model can be salaried

workers, unemployed, or self-employed. Each period unemployed and self-

employed individuals face a chance of receiving a job offer from either type

of firm. Self-employment is readily available to all workers. We assume

asymmetric information on workers’ skills, such that the probability of

receiving an offer depends on the expected productivity of the worker at

the matched firm. If an offer is made, the offered wage corresponds to half

of the expected surplus generated by the match. We further assume there

are no separations.

50. The model does not distinguish between individuals with low and intermediate
occupation-specific skills and, consequently, cannot be used to understand the local
effects of obtaining an intermediate certificate. We choose to work with a simpler model
since the results for intermediate certificates indicate no effect on earnings, relative to
individuals obtaining a basic certificate.
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The surplus from a match with a type-L firm does not depend on the

worker’s skills, and the probability of meeting and receiving a wage offer

from these firms is the same for all workers. The per-period wage offered

by firms of type L is half the surplus: wN = e/2.

Production at type-M and type-H firms depends on the worker type; hence,

these firms try to identify the worker’s type through a job interview, which

generates a signal σ. The signal can be null (N), basic (B), or advanced (A).

The probability that the signal is correct, q, is more informative the closer

it is to 1. Therefore, we assume that signals are somewhat informative,

such that q = P (A|h) = P (B|l) = P (N |n) ∈ (0.5, 1), and that P (A|l) =
P (A|n) = P (B|h) = P (B|n) = P (N |h) = P (N |l) = (1 − q)/2. Lastly, we

assume that the share of each worker type is 1/3.

Given a signal, firms compute the posterior probability of the worker type

using Bayes’ rule: P (h|A), P (l|B), P (n|N), etc. Based on the assumption

that the share of each worker type is 1/3, it follows that q is also the pos-

terior probability. Namely, q = P (h|A) = P (l|B) = P (n|N). Firms then

compute the expected productivity of the worker. The expected produc-

tivity of the worker at type-H firms, given signal σ, is,

E[yH |σ] =

qa+ (1− q)(−b) if σ = A,

(1−q
2
)a+ (q + 1−q

2
)(−b) if σ = B,N.

Similarly, the expected productivity of the worker at type-M firms, given

signal σ, is,

E[yM |σ] =

(q + 1−q
2
)c+ (1−q

2
)(−d) if σ = A,B

(1− q)c+ q(−d) if σ = N.

We assume that the expected output from the match for a type-H firm is

negative in the case of no signal or a basic signal, so they do not make

offers in those cases. In this case, the only wage they offer for an advanced
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signal is:

wH =
qa+ (1− q)(−b)

2

Likewise, the expected output from the match for a type-M firm is negative

in the case of no signal, so they do not make offers. Therefore, the only

wage they offer for advanced or basic signals is

wM =
(q + 1−q

2
)c+ (1−q

2
)(−d)

2
.

The per-period compensation in self-employment for type-n workers equals

wn
SE = e/2, such that wn

SE = wN . Furthermore, the per-period compensa-

tion in self-employment for type-l and type-h workers is equal to wl
SE = c/2.

Worker’s Problem

The value function of an unemployed worker of type k, for k ∈ {n, l, h} is

given by,

V U
k = β[pLkV

L
k pMk V M

k + pHk V
H
k +

(1− pL − pMk − pHk )max(V U
k , V SE

k )].

An unemployed individual earns zero in the current period. Next period,

with probabilities pL, pM , and pH , he receives an offer from a firm of type

L, M , and H, which are valued at V L
k , V M

k , V H
k , respectively. If he does

not receive an offer from any firm, he chooses between unemployment and

self-employment, valued at V SE
k . The value function of self-employment,

V SE
k , is defined as,
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V SE
k = wSEk + β[pLkV

L
k + pMk V M

k + pHk V
H
k

+(1− pL − pMk − pHk )max(V U
k , V SE

k )]

Lastly, the value function of employment at a firm of type X, V X
k , for

X ∈ {L,M,H}, is defined as,

V X
k = max

[
wX + θ

1− β
, V U

k , V SE
k

]
,

where θ is a match-specific taste shock for the firm. Upon facing an of-

fer, individuals compare the utility of being employed at that firm forever

to unemployment and self-employment, where the individual continues to

search for a job.

Decisions in the model depend on the probabilities of getting job offers

from the three types of firms, wages conditional on being a salaried worker,

and self-employment earnings. Probabilities, wages, and self-employment

earnings depend on q. The following subsection discusses the implications

of changing the value of q.

Implications of Certificates

We interpret the SENA certificates as a credible increase in the precision

of the signal, q. In particular, by assuming that q = 1, the posterior

probabilities are also more accurate (e.g., P (H|A) → 1). We now discuss

the implications of SENA certificates on earnings, salaried work, and self-

employment.

• Positive assortative matching: As q increases, type-h workers are

more likely to be employed at type-H firms, type-l workers are more

likely to be employed at type-M firms, and type-n workers are more

likely to be employed at type-L firms. Note that type-M firms still

make offers to type-h workers, but they are more likely to accept
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offers from type-H firms. Similarly, type-L firms still make offers to

type-l workers, but they are more likely to accept offers from type-M

firms.

• Unconditional wages: As q increases, type-H firms pay higher

wages due to the reduced probability of hiring type-l and type-n

workers.51 At type-M firms, as q increases, wM increases as there

is a lower probability of hiring type-n workers whose productivity is

low. There is no change in the average wages paid at type-L firms,

as everybody is equally productive in these firms.

• Conditional wages: Conditional on being a salaried worker, wages

for type-h individuals increase since they are more likely to be em-

ployed at type-H firms, which pay higher salaries. Type-l workers

are more likely to be employed at type-M firms but less likely to be

employed at type-H firms, which pay higher salaries. The effect on

wages, conditional on salaried work for type-l workers, is ambiguous.

Type-n workers are more likely to be employed at type-L firms, which

pay lower wages, but less likely to be employed at type-H or type-M

firms, which pay higher salaries. Therefore, the effect on wages for

type-n workers, conditional on being salaried workers, is ambiguous.

• Salaried work and self-employment: Type-h workers are more

likely to receive (and accept) offers from type-H firms. They are also

more likely to reject offers from type-N and type-M firms and reallo-

cate to self-employment since the average self-employment compen-

sation is now larger than the wage offered by type-N firms and equal

to the wage offered by type-M firms.52 Self-employed individuals

are also more likely to receive (and accept) offers from type-H firms.

Therefore, the overall effects on salaried work and self-employment

are ambiguous.

Type-l workers are less likely to be employed at type-H firms and more

likely to be employed at type-M firms. They are also more likely to

51. The new compensation offered by type-H firms increases to wH = a/2.
52. The new wage offered by type-M firms is wM = c/2, which is equal to the per-

period self-employment compensation for type-h workers.

53



reject offers from type-L firms. Since type-l workers are indifferent

between working at a type-M firm and being self-employed, the overall

effects on salaried work and self-employment are ambiguous. The

impact on salaried work and self-employment are similar for type-n

workers.

Appendix B Additional Figures

Figure A1: Sharp Regression Discontinuity Estimates of the Short- and
Medium-Term Effects of Obtaining an Intermediate Certificate by Initial
Employment Status: Additional Outcomes

Notes: Each plot displays the estimate for the main coefficient of interest in Equation

(1) and its 95% confidence interval, one to eight quarters after certification, for four

outcomes: salaried work, self-employment, log of income, and job-to-job transitions (for

salaried workers only). The running variable is the exam score, and the discontinuity

threshold is 60. All regressions include controls described in Section 4, use a triangular

kernel, and use the bandwidth that minimizes the mean squared error of the local

polynomial regression discontinuity estimator. Standard errors used to compute the

95% confidence intervals are clustered at the technical-norm level. Detailed results are

displayed in Table OA15 in online Appendix C.
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Online Appendix A Additional Figures and Tables

Figure OA1: Example of an Advanced Certificate
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Table OA1: Descriptive Statistics - Matched and Unmatched Sample of Men

Unmatched
sample (men)

Estimation
sample (men)

P-value (Matched
vs. Unmatched)

A. Demographic Characteristics (SENA)

Demographic Characteristics (Mean)
Male
Age 35.98 41.99 0.00
Less than High School 0.23 0.20 0.00
High School 0.46 0.46 0.07
Some College 0.29 0.30 0.00
More than College 0.01 0.04 0.00

Employment Status (Mean)
Salaried Worker 0.74 0.87 0.00
Self-Employed 0.06 0.05 0.00
Unemployed 0.19 0.09 0.00

B. Certification Program (SENA)

Skills Certified
Technical Norms 912 912
Expert Tables 74 74

Certification Level (Mean)
No certification 0.01 0.01 0.00
Basic 0.13 0.13 0.02
Intermediate 0.38 0.39 0.00
Advanced 0.48 0.47 0.00

Certification Two-Part Exam (Mean)
Knowledge 82.18 82.02 0.00
Competence 98.83 99.02 0.00

Individuals 247,581 181,395

Notes: This table reports descriptive statistics for the the unmatched (first column) and matched (sec-

ond column) samples of men. The estimation sample corresponds to the subsample of workers we could

match with PILA. The third column provides the p-value of a difference-in-means t-test for the matched

(estimation) sample and the unmatched sample of men. The first panel reports demographic charac-

teristics and employment information. The second panel reports information regarding the certification

program.
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Table OA2: Top 10 Technical Norms: Matched and Unmatched Samples

Matched Sample

Ranking
in
Matched

Name Share of
Partici-
pants

Ranking
in Un-
matched

1 Serve customers in accordance with service procedures
and regulations.

0.10 1

2 To guide classroom training in accordance with tech-
nical procedures and regulations.

0.05 3

3 Control access in accordance with private security reg-
ulations.

0.04 5

4 Operate forklifts according to the technical manual. 0.04 23
5 Handle food according to current standards. 0.02 2
6 Operate the hydraulic excavator according to the tech-

nical manual.
0.02 17

7 Drive light vehicles according to technical procedures
and traffic and transportation regulations.

0.02 7

8 Prevent security and surveillance incidents by techni-
cal regulations.

0.02 15

9 Prepare light vehicles in accordance with legal and
technical regulations.

0.02 9

10 To drive inter-municipal or special passenger service
motor vehicles, category c2, by the regulations in
force.

0.02 30

Un-Matched Sample

Ranking
in Un-
macthed

Name Share of
Partici-
pants

Ranking in
Matched

1 Serve customers in accordance with service procedures
and regulations.

0.21 1

2 Handle food according to current standards. 0.07 5
3 To guide classroom training in accordance with tech-

nical procedures and regulations.
0.07 2

4 Administer immunobiological according to delegation
and health regulations.

0.05 76

5 Control access in accordance with private security reg-
ulations.

0.04 3

6 Orient people according to health standards. 0.03 65
7 Drive light vehicles according to technical procedures

and traffic and transportation regulations.
0.03 7

8 Collect potentially recyclable solid waste according to
established procedures and current regulations.

0.02 110

9 Prepare light vehicles in accordance with legal and
technical regulations.

0.02 9

10 Transfer users in accordance with coexistence, transit,
and land transportation regulations.

0.02 12

Notes: This table displays the top 10 technical norms in the matched (estimation) and unmatched

samples of men.
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Figure OA2: Distribution of Scores

Notes: This figure displays the distribution of scores in the second part of the certification exam

(knowledge test) for the matched sample of men.

Table OA3: Descriptive Statistics: Estimation Sample of Men and Women

Variable # Observations Mean Std. dev.

Employed 2,043,639 0.88 0.32
Income 2,043,639 1,186,950 983,688
Salaried Work 2,043,639 0.74 0.44
Self-employment 2,043,639 0.12 0.32
Ln of Income 1,800,266 13.97 0.56
Ln of Income - Salaried Worker 1,503,237 13.99 0.55
Ln of Income - Self-Employed 237,918 13.90 0.35

Notes: The table shows descriptive statistics for the panel of men and women two years

after certification. Employment and income information are calculated using PILA data.

Individuals are classified as employed if they are categorized as salaried workers, self-employed,

or if they are assigned to any other category in which employers make contributions to the

social security system on their behalf. Therefore, the employment rate is larger than the sum

of self-employment and salaried work. The income variable contains zeros in periods when

individuals are not employed.
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Online Appendix B Robustness Checks

Figure OA3: Sharp Regression Discontinuity Estimates of the Effects of Obtaining a
Certificate on Log of Income: Robustness Checks

(a) Basic

(b) Intermediate

6



Figure OA3 Continued. Sharp Regression Discontinuity Estimates of the Effects of Ob-
taining a Certificate on Log of Income: Robustness Checks

(c) Advanced

Notes: Each plot displays the estimate for the main coefficient of interest in Equation (1) and its 95%

confidence interval, one to eight quarters after certification. The outcome is the log of income. The

running variable is the exam score, and the discontinuity threshold is 30 for the basic certificate (panel

a), 60 for the intermediate certificate (panel b), and 90 for the advanced certificate (panel c). In each

plot, row 1 displays the baseline results from Table 3. Rows 2 and 3 show the results when we add

year and location fixed effects (FE), respectively. Row 4 excludes controls. Row 5 uses the bandwidth

that minimizes the coverage error (CE) of the local polynomial regression discontinuity estimator. Row

6 reports non-bias-corrected estimates. Row 7 does not adjust for the presence of mass points. Row 8

uses a fixed bandwidth. Row 9 uses a fixed bandwidth and restricts attention to individuals who are

employed in all eight quarters. All specifications include controls described in Section 4, use a triangular

kernel, and choose the bandwidth to minimize the mean squared error (MSE) of the local polynomial

RD estimator, except for rows 5, 8, and 9. Standard errors used to compute 95% confidence intervals

are clustered at the technical-norm level. Detailed results for all three certificates are displayed in Tables

OA4, OA5, and OA6.
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Figure OA4: Sharp Regression Discontinuity Estimates of the Effects of Obtaining a
Certificate on Log of Income: Alternative Samples

(a) Basic

(b) Intermediate14



Figure OA4 Continued. Sharp Regression Discontinuity Estimates of the Effects of Ob-
taining a Certificate on Log of Income: Alternative Samples

(c) Advanced

Notes: Each plot displays the estimate for the main coefficient of interest in Equation (1) and its 95%

confidence interval, one to eight quarters after certification. The outcome is the log of income. The

running variable is the exam score, and the discontinuity threshold is 30 for the basic certificate (panel

a), 60 for the intermediate certificate (panel b), and 90 for the advanced certificate (panel c). In each plot,

row 1 displays the baseline results from Table 3. Row 2 uses the full sample of men and women. Row 3

uses a sample of men who applied for only one certificate between 2017 and 2019. Row 4 uses a sample

of salaried workers, while the fifth row further excludes individuals who are ever self-employed within

two years of certification. All specifications include controls described in Section 4, use a triangular

kernel, and choose the bandwidth to minimize the mean squared error (MSE) of the local polynomial

RD estimator, except for rows 5, 8, and 9. Standard errors used to compute 95% confidence intervals

are clustered at the technical-norm level. Detailed results for all three certificates are displayed in Tables

OA7, OA8, and OA9.
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Figure OA5: Sharp Regression Discontinuity Estimates of the Effects on Log of Income
- Placebo Thresholds

Notes: Each plot displays the estimate for the main coefficient of interest in Equation (1) its 95%

confidence interval, one to eight quarters after certification. The outcome is the log of income. The

running variable is the exam score, and the (placebo) thresholds of interest are 25, 35, 55, 65, 85, and

95. All specifications include controls described in Section 4, use a triangular kernel, and choose the

bandwidth to minimize the mean squared error (MSE) of the local polynomial RD estimator. Standard

errors used to compute 95% confidence intervals are clustered at the technical norm level. Detailed

results for all placebo thresholds are displayed in Table OA10.

19



T
ab

le
O
A
10
:
S
h
ar
p
R
eg
re
ss
io
n
D
is
co
n
ti
n
u
it
y
E
st
im

at
es

of
th
e
E
ff
ec
ts

on
L
og

of
In
co
m
e
-
P
la
ce
b
o
T
h
re
sh
ol
d
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

Q
u
a
rt
e
r
1

Q
u
a
rt
e
r
2

Q
u
a
rt
e
r
3

Q
u
a
rt
e
r
4

Q
u
a
rt
e
r
5

Q
u
a
rt
e
r
6

Q
u
a
rt
e
r
7

Q
u
a
rt
e
r
8

T
h
re
sh
ol
d
25

0.
02

1
-0
.0
14

0.
04

7
0.
06

4
0.
01

0
0.
05

1
-0
.0
26

0
.0
1
2

(0
.0
42

)
(0
.0
33

)
(0
.0
43

)
(0
.0
41

)
(0
.0
37

)
(0
.0
33

)
(0
.0
48

)
(0
.0
5
2
)

E
ff
.
#

of
C
on

tr
ol

O
b
s.

26
0

35
8

25
6

27
2

24
6

31
1

24
6

2
3
6

E
ff
.
#

of
T
re
at
m
en
t
O
b
s.

7
25

1,
26

5
70

3
86

8
69

2
1,
00

5
68

7
6
4
1

B
an

d
w
id
th

5
.3
31

8.
91

2
5.
09

3
6.
27

7
5.
43

7
7.
77

0
5.
26

6
5
.2
3
3

T
h
re
sh
ol
d
35

-0
.0
01

-0
.0
2
2

-0
.0
39

-0
.0
09

0.
02

4
-0
.0
43

-0
.0
32

-0
.0
6
0

(0
.0
26

)
(0
.0
28

)
(0
.0
30

)
(0
.0
30

)
(0
.0
29

)
(0
.0
28

)
(0
.0
31

)
(0
.0
2
9
)

E
ff
.
#

of
C
on

tr
ol

O
b
s.

1
,4
46

1
,4
73

1,
26

3
1,
27

7
1,
27

3
1,
25

2
1,
25

5
1
,1
7
1

E
ff
.
#

of
T
re
at
m
en
t
O
b
s.

4,
71

6
5,
66

1
3,
62

7
4,
08

6
4,
09

3
4,
01

9
4,
02

3
3
,6
1
3

B
an

d
w
id
th

9.
54

9
10

.0
60

7.
26

5
8.
72

4
8.
09

7
8.
28

5
8.
34

7
8
.9
1
1

T
h
re
sh
ol
d
55

-0
.0
13

-0
.0
0
4

0.
00

7
0.
01

4
0.
00

4
-0
.0
11

-0
.0
00

-0
.0
0
5

(0
.0
17

)
(0
.0
1
8)

(0
.0
15

)
(0
.0
15

)
(0
.0
14

)
(0
.0
15

)
(0
.0
16

)
(0
.0
1
7
)

E
ff
.
#

of
C
on

tr
ol

O
b
s.

9,
70

7
9,
55

6
10

,1
90

8,
90

1
10
,0
27

8,
69

5
9,
52

1
7
,8
2
4

E
ff
.
#

of
T
re
at
m
en
t
O
b
s.

17
,3
07

17
,1
39

19
,5
04

15
,7
93

19
,0
38

15
,3
17

17
,6
08

1
3
,8
1
3

B
an

d
w
id
th

11
.9
50

11
.7
40

13
.4
90

10
.9
90

13
.3
80

10
.2
30

12
.4
20

1
0
.2
5
0

T
h
re
sh
ol
d
65

-0
.0
06

0.
0
03

-0
.0
06

-0
.0
11

-0
.0
09

-0
.0
20

-0
.0
16

-0
.0
2
2

(0
.0
15

)
(0
.0
15

)
(0
.0
16

)
(0
.0
17

)
(0
.0
17

)
(0
.0
16

)
(0
.0
18

)
(0
.0
1
7
)

E
ff
.
#

of
C
on

tr
ol

O
b
s.

18
,5
4
1

15
,9
8
5

18
,1
31

16
,2
43

16
,0
05

15
,9
02

13
,1
98

1
3
,0
4
6

E
ff
.
#

of
T
re
at
m
en
t
O
b
s.

3
3,
47

5
2
7,
92

0
32

,8
82

29
,0
86

28
,7
27

28
,3
01

22
,3
86

2
2
,3
2
1

B
an

d
w
id
th

15
.2
40

13
.1
4
0

15
.6
00

14
.8
02

14
.9
10

14
.1
70

11
.1
70

1
2
.1
5
0

C
on

ti
n
u
es

in
th
e
N
ex
t
P
a
g
e.
..

20



T
ab

le
O
A
10

C
on

ti
n
u
ed
.
S
h
ar
p
R
eg
re
ss
io
n
D
is
co
n
ti
n
u
it
y
E
st
im

at
es

of
th
e
E
ff
ec
ts

on
L
og

of
In
co
m
e
-
P
la
ce
b
o
T
h
re
sh
ol
d
s

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

Q
u
a
rt
e
r
1

Q
u
a
rt
e
r
2

Q
u
a
rt
e
r
3

Q
u
a
rt
e
r
4

Q
u
a
rt
e
r
5

Q
u
a
rt
e
r
6

Q
u
a
rt
e
r
7

Q
u
a
rt
e
r
8

T
h
re
sh
ol
d
85

0.
17

7
0
.1
26

0.
04

8
0.
01

9
0.
00

8
0.
01

3
0.
04

5
0
.0
3
1

(0
.2
02

)
(0
.1
56

)
(0
.0
92

)
(0
.0
58

)
(0
.0
45

)
(0
.0
39

)
(0
.0
50

)
(0
.0
4
2
)

E
ff
.
#

of
C
on

tr
ol

O
b
s.

4,
94

5
5,
08

6
5,
38

8
7,
65

1
7,
68

9
7,
55

4
7,
55

2
6
,7
2
3

E
ff
.
#

of
T
re
at
m
en
t
O
b
s.

7,
21

7
7,
1
31

7,
18

7
9,
95

4
10

,1
54

9,
76

0
9,
66

7
8
,7
1
7

B
an

d
w
id
th

2.
12

6
2.
3
76

2.
65

1
3.
05

0
3.
28

0
3.
06

5
3.
12

1
3
.1
6
3

T
h
re
sh
ol
d
95

0.
04

3
0
.0
40

0.
03

6
0.
03

8
0.
03

2
0.
03

8
0.
03

9
0
.0
2
6

(0
.0
28

)
(0
.0
25

)
(0
.0
27

)
(0
.0
29

)
(0
.0
29

)
(0
.0
27

)
(0
.0
30

)
(0
.0
2
6
)

E
ff
.
#

of
C
on

tr
ol

O
b
s.

1
4,
22

3
1
4,
26

2
14

,1
70

14
,1
25

13
,9
34

13
,6
03

13
,5
43

1
2
,1
5
8

E
ff
.
#

of
T
re
at
m
en
t
O
b
s.

13
,8
38

13
,7
35

13
,5
95

13
,5
41

13
,4
17

13
,2
68

13
,1
92

1
1
,4
5
4

B
an

d
w
id
th

3.
56

3
3.
65

6
3.
61

6
3.
61

4
3.
58

3
3.
46

8
3.
47

2
3
.5
8
1

N
o
te
s:

E
ac
h
ce
ll
d
is
p
la
y
s
th
e
es
ti
m
at
e
fo
r
th
e
m
ai
n
co
effi

ci
en
t
of

in
te
re
st

in
E
q
u
at
io
n
(1
),

on
e
to

ei
gh

t
q
u
ar
te
rs

af
te
r
ce
rt
ifi
ca
ti
on

.
T
h
e
ou

tc
o
m
e
is

th
e

lo
g
of

in
co
m
e.

T
h
e
ru
n
n
in
g
va
ri
a
b
le

is
th
e
ex
am

sc
or
e
an

d
th
e
(p
la
ce
b
o)

th
re
sh
ol
d
s
of

in
te
re
st

ar
e
25

,
35

,
55

,
65

,
85

,
an

d
95

.
A
ll
re
gr
es
si
o
n
s
in
cl
u
d
e

co
n
tr
ol
s
d
es
cr
ib
ed

in
S
ec
ti
on

4,
u
se

a
tr
ia
n
gu

la
r
ke
rn
el
,
an

d
ch
o
os
e
th
e
b
an

d
w
id
th

to
m
in
im

iz
e
th
e
m
ea
n
sq
u
ar
ed

er
ro
r
(M

S
E
)
of

th
e
lo
ca
l
p
o
ly
n
o
m
ia
l

R
D

es
ti
m
at
o
r.

W
e
re
p
or
t
ro
b
u
st

b
ia
s-
co
rr
ec
te
d
st
an

d
ar
d
er
ro
rs

b
el
ow

th
e
p
oi
n
t
es
ti
m
at
es

in
p
ar
en
th
es
es
.
S
ta
n
d
ar
d
er
ro
rs

ar
e
cl
u
st
er
ed

at
th
e
te
ch
n
ic
a
l

n
or
m

le
ve
l.

O
p
ti
m
al

b
an

d
w
id
th
s
ar
e
d
is
p
la
ye
d
b
el
ow

th
e
st
an

d
ar
d
er
ro
rs
.
T
h
e
eff

ec
ti
ve

n
u
m
b
er

of
ob

se
rv
at
io
n
s
ch
an

ge
s
ac
ro
ss

q
u
ar
te
rs

gi
ve
n
va
ri
a
ti
o
n
in

th
e
n
u
m
b
er

of
in
d
iv
id
u
al
s
w
it
h
p
os
it
iv
e
ea
rn
in
gs

an
d
th
e
op

ti
m
al

b
an

d
w
id
th
.
T
h
e
to
ta
l
n
u
m
b
er

of
ob

se
rv
at
io
n
s
fu
rt
h
er

d
ro
p
s
in

q
u
ar
te
r
8
d
u
e
to

m
is
si
n
g

in
fo
rm

at
io
n
in

th
e
la
st

q
u
ar
te
r
fo
r
in
d
iv
id
u
a
ls

th
at

ce
rt
ifi
ed

in
th
e
la
st

q
u
ar
te
r
of

20
19

.

21



Online Appendix C Additional Heterogeneity and

Mechanisms Results
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