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Abstract

We evaluate the returns of signaling occupation-specific skills for experi-
enced workers using unique administrative data from a nationwide certifi-
cation program in Colombia. The program certifies skills and issues one
of three certificates: basic, intermediate, and advanced. We use regres-
sion discontinuity 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 certification. In-

stead, we find no statistically significant effects from signaling basic or in-
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termediate occupation-specific skills. Our analysis reveals that the primary
mechanism behind the observed income effects associated with the advanced
certificate is the ability to signal occupation-specific skills to potential em-

ployers.

JEL Codes: D80, JO1, J31, J44

1 Introduction

This paper estimates the economic returns of signaling occupation-specific skills
among experienced workers in the context of a developing country. Given the cur-
rent state of the literature, it is uncertain whether providing accurate information
about these skills holds any value once workers have accumulated substantial labor
market experience. Some studies suggest that employers quickly learn about work-
ers’ productivity in the workplace (Lange 2007).! Even when employer learning is
asymmetric, as long as wages and promotions reflect information about productiv-
ity potential, this information is expected to reach the market eventually (Kahn
2013; Pinkston 2009; Schonberg 2007). Therefore, previous findings suggest that
experienced workers operate in a nearly frictionless environment, where additional

information about productivity is unlikely to drive wage growth or job mobility.

However, these predictions often rely on extrapolations from data gathered during

2 Moreover, they are typically derived from

the early stages of workers’ careers.
labor markets in developed countries, where information frictions are less pro-

nounced and workers generally have higher average education levels.® In addition,

1. Lange (2007) uses a symmetric employer learning model and does not condition on staying
with the same firm.

2. For instance, Lange (2007) utilizes data from the National Longitudinal Survey of Youth
- 1979 Cohort. In the estimation sample, workers are relatively inexperienced, with an average
potential experience of eight years. Additionally, Pinkston (2009) and Schénberg (2007) use the
same dataset to estimate their models of asymmetric employer learning.

3. For developed countries, academic credentials, diplomas, and college reputation have been
shown to mitigate information asymmetries by providing job seekers with indicators of their
skills and offering firms valuable tools for screening and comparing candidates (Altonji and
Pierret 2001; Arcidiacono et al. 2010; Bedard 2001; Clark and Martorell 2014). Nonetheless,
there are reasons to think the same devices are not as effective in the developing world for
several reasons. First, workers usually lack formal education and training. Second, for certain
industries and sectors, there might not be enough variation in schooling among workers to
infer productivity accurately. Third, traditional measures of academic ability may not reflect
productivity in occupations that require skills that are mainly acquired on the job, constantly
evolve with industry standards, or are not taught in formal academic institutions. Regarding the
characteristics of the labor markets in developing countries, see, for example, Behrman (1999)
and Rosenzweig (1988).



it remains unclear whether these predictions relate to specific aspects of work-
ers’ productivity or encompass their entire spectrum of skills. Recent literature
underscores the importance of occupation-specific skills for securing employment
and fostering long-term earnings growth for low-educated workers (Bandiera et
al. 2020).* Consequently, reducing information frictions associated with these
skills could impact earnings and mitigate income disparities among comparable
workers. Nonetheless, it remains uncertain whether these benefits extend beyond

workers entering the labor market to include more experienced workers.

We contribute to the literature by estimating the economic returns associated with
signaling occupation-specific skills among experienced workers. We employ a sharp
regression discontinuity design using unique administrative data to estimate these
returns within a large population of experienced male workers. Our study focuses
on a particular signaling device: a certificate issued by the Colombian National
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 and to determine if those skills are up-to-date with
the prevailing industry standards.> Program participants are assigned to one of
four mutually exclusive and exhaustive categories based on their performance on
the certification exam: no certificate, basic, intermediate, or advanced. Each cate-
gory is defined by sharp thresholds corresponding to different exam-score intervals.

Therefore, the signal varies in content depending on the certificate categories.

In an ideal scenario where certificates are randomly assigned, the wage variation
across these predefined categories would capture the signaling value of obtaining
a certificate. However, in the absence of random assignment, wage differentials
not only reflect the signaling value but also encompass productivity disparities
among workers and unobserved match-quality factors associated with the inter-
action between workers and firms. To address potential confounders, we leverage
the sharp differences 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 dimensions that

matter for productivity. Under certain conditions, passing status constitutes a

4. Besides, recent literature has shown that providing credible information on different com-
ponents of 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).

5. The certificates under analysis are not legally required to practice the corresponding occu-
pations.



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 earnings of the two groups within the two
years after certification. We then extend this approach to estimate the returns
of obtaining either an intermediate or an advanced certificate, which allows us
to explore the distributional effects associated with the content of the signal. In
addition, we use administrative data on labor market outcomes for program par-
ticipants to investigate the potential mechanisms leading to income growth. Our
analysis focuses on how obtaining a certificate impacts employment status (i.e.,
salaried work, self-employment, and unemployment) and how transitions between

employers contribute to generating the observed returns.

Several features of our study set it apart from previous literature. First, we esti-
mate the returns to signaling occupation-specific skills, whereas previous literature
has examined mostly the effects of signaling academic aptitude as a proxy for pro-
ductivity.® There are strong arguments suggesting occupation-specific skills are
valuable and key to explaining post-schooling wage growth.” Nonetheless, limited
attention has been devoted to analyzing the consequences of providing reliable in-
formation about these skills. Some exceptions can be found in the emerging litera-
ture studying the returns to occupation certification, predominantly in the context
of developed economies, with estimates that span from no effect to a 13% increase

8

in income.® However, for the most part, this literature relies on imprecise (self-

6. Some of the relevant papers in this literature are Bedard (2001), Clark and Martorell (2014),
Feng and Graetz (2017), Freier et al. (2015), Jepsen et al. (2016), Khoo and Ost (2018), Macleod
et al. (2017), and Tyler et al. (2000). Using data from an elite university in Colombia, Arteaga
(2018) discusses the importance of signaling for college graduates. More recently, 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).

7. 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).

8. This literature further concludes that the effects of licensing on labor market outcomes
are larger than the effects of certification. Unlike certification, occupational licensing 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 addition, 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



reported) certification measures and predominantly uses subnational-level data,
which limits the ability to examine 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.

Second, our setting allows us to isolate the returns to signaling from other con-
founding factors. In our analysis, individuals are primarily full-time experienced
workers who have completed their formal education. The skills they signal are
acquired mainly on the job, as a byproduct of experience, rather than through
formal education. In addition, the program tests skills without facilitating invest-
ment in human capital through lectures or training.” 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. Moreover, since our data cover the two-year period after certification, we

can evaluate how long the effects take to manifest and how permanent they are.

Third, we study the effects on experienced workers directly. In contrast, most of
the literature evaluates the returns to signaling skills when workers first enter or
are only a few years into the labor market.!® The effects on experienced workers
have been consistently understudied, and it is unclear whether signaling skills can
still generate returns even after agents have accumulated significant experience in
the labor market. In fact, our findings suggest that this population group captures
significant returns. In such a way, we provide novel evidence about the importance

of information frictions on post-schooling income growth.

Lastly, limited attention has been given in the literature to signals that convey
information about different skill levels. Previous studies have focused mainly

on dichotomous signals and whether or not the worker possesses an occupational

available. Moreover, results in the literature also suggest that occupational licensing reduces
asymmetric information and, thereby, the racial wage gap (Blair and Chung 2021, 2022).

9. 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 address this issue
credibly.

10. Regarding the value of academic credentials, see, for example, Arcidiacono et al. (2010),
Bedard (2001), Clark and Martorell (2014), and Machin et al. (2020). More recently, the liter-
ature 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 pa-
pers focus on young workers entering the labor market. For papers evaluating the labor market
returns to the GED, see for example, Cameron and Heckman (1993), Jepsen et al. (2016), and
Tyler et al. (2000). This literature focuses on individuals, typically aged between 18 and 25,
who have recently entered the labor market.



certificate.!!’ We are among the first to provide direct evidence of the distributional
effects of displaying signals with different content.'> Our context enables us to
do so because the signaling device categorizes workers’ skills into four mutually

exclusive and exhaustive categories, each defined by a sharp threshold.

Our estimates reveal that the effects of signaling basic or intermediate occupation-
specific skills are not statistically different from zero. This result is expected from
the perspective of traditional signaling models since most program participants
obtain basic or intermediate certificates. As such, evidence is compatible with the
idea of firms paying wages based on average productivity, suggesting that only
workers capable of signaling productivity levels above the average are likely to

experience wage adjustments.

Indeed, our findings indicate that signaling advanced occupation-specific skills
yields large and significant returns. Our estimates show that obtaining an ad-
vanced certificate generates an average increase in income of 9.7% during the
two years following certification. We provide evidence indicating that the pri-
mary mechanism driving the observed effects on income is the potential to sig-
nal occupation-specific skills to prospective employers. First, we find that self-
employed individuals at the time of certification transition to salaried work within
the year following certification. Remarkably, these individuals experience an aver-
age income increase of 15.5% in the second year. Second, we estimate large effects
on income for salaried workers at the time of certification (10.7%), as well as an
average 46.8% increase in the probability of having a job-to-job transition. These
findings suggest that the certificate can also be a valuable tool for salaried workers,

enabling them to convey critical skill-related information to potential employers.

Notably, our results show that highly experienced workers can still improve their
wages through certification, which is compatible with the existence of information
asymmetries.'®> We argue that this phenomenon can be attributed to the certifi-
cate’s unique ability to provide insights into the individual’s adherence to current
occupation standards, which is rarely discerned from resumes and may be easier

to evaluate for an incumbent employer. In such a way, our findings provide com-

11. 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).

12. Another paper that provides an analysis of signals with different content is Bassi and
Nansamba (2022).

13. See, for example, Aryal et al. (2022), Lange (2007), Pinkston (2009), and Schénberg (2007).



pelling evidence that information frictions remain critical even after workers have

accumulated significant experience.

Finally, we offer suggestive evidence indicating that some of the estimated effects
on income among salaried workers originate within the firm. While pure learning
within the firm could theoretically explain wage adjustments for workers entering
the labor force or even workers with low tenure, the same mechanism does not
provide a satisfactory answer to rationalize the returns among the most experi-
enced workers. We argue that the characteristics of program participants make it
unlikely that returns originate from behavioral responses from either (i) current
employers, who might modify their productivity expectations or use the certificate
as an efficient screening tool for justifying promotions, or (ii) workers, who might
alter their self-assessment of labor market prospects and productivity. Therefore,
we favor the narrative that incumbent firms adjust wages to retain valuable work-

ers who, due to the certificate, are more likely to leave and work for other firms.

Overall, our results establish the existence of substantial information frictions in
the labor market for experienced workers. Moreover, they suggest that certifica-
tion can mitigate those frictions by disclosing pertinent information to prospective
employers. As such, signaling occupation-specific skills can still benefit individuals
with considerable experience in the labor market. This includes not only those
without salaried employment but also experienced workers already entrenched in
the workforce. Therefore, in alignment with the insights of Bandiera et al. (2020),
our results underscore the significant impact of certifying skills in fostering earn-

ings growth and facilitating job transitions.

The rest of the paper is structured as follows. In Section 2, we provide a detailed
description of the program. In Section 3, we describe the sample of program
participants and elaborate on the procedure for obtaining information on labor
market outcomes during 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. In Section 6, we delve

into the mechanisms behind our main results. Finally, we conclude in Section 7.

2 Program Description

Since 2004, the Colombian National Training Service (SENA), a government agency

in Colombia, has been responsible for implementing a nationwide certification pro-



gram.'? In Colombia, technical norms define the tasks and activities specific to
different occupations and the up-to-date quality standards governing the produc-
tion and provision of goods and services within those occupations. These norms
are drafted and continuously revised by industry skill councils and are approved
by the government. Based on the criteria defined by such norms, the certifica-
tion program aims to assess and certify the knowledge and skills that workers
acquire through their work experience, as well as the currency with occupational
standards. In doing so, the program is tailored to occupations where knowledge
is mostly acquired outside of formal education institutions, indirectly targeting

lower-educated individuals working in low-paying jobs.

From its inception, the Colombian government has recognized this program as a
pivotal policy to enhance firms’ productivity and bolster their competitiveness.
The policy’s underlying objectives are to reduce the costs associated with identi-
fying productive workers, streamline personnel selection processes, and minimize
potential mismatches between firms and workers. Furthermore, the policy pro-
vides workers with means, i.e., certificates, to publicly showcase their skills and
currency with occupational standards. This, in turn, aims to foster smoother
transitions into more lucrative employment opportunities, thereby curbing unem-

ployment rates among participants.

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. SENA continuously advertised the program among
firms, workers’ associations, as well as national and local media. Furthermore, to
enhance the possibilities of workers finishing the certification process, SENA pro-
vides flexible schedules to complete the exams. 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.!® In 2019, SENA certified around
243,000 workers across 117 locations, which is 2.54 times more than those cer-
tified in 2010.'° Importantly, the number of individuals certified between 2017

14. The two primary legal dispositions governing this program are Decreto 933/2003 and De-
creto 4108/2011.

15. 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.

16. 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



and 2019 accounted for approximately 6.2% of the total workforce in low-paying
jobs nationwide. This indicates that while the program is extensive, considerable

potential remains to expand its coverage.

Participants join the program to obtain certification in a specific technical norm.
To be certified, they must provide evidence of proficiency in executing the task
and work activities defined by such a norm, as well as their knowledge of the
prevailing quality standards. As a result, the certificate contains valuable infor-
mation about the skills and knowledge required to perform a specific occupation,
in accordance with the current standards. We refer to such skills and knowledge as
occupation-specific skills.!” To initiate the certification process, participants must
demonstrate at least six months of experience in a given occupation. Typically,
the process is completed within four weeks. Additionally, since technical norms

are continuously revised and updated, the certificate remains valid for three years.

To obtain the certificate, 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 participants’ performance. Since all partic-
ipants 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
exam involves a multiple-choice knowledge test. This test evaluates participants’
understanding of the various concepts related to the occupation and the prevailing
quality standards prescribed by the technical norm. SENA administers the exam,
which is designed using a randomly selected set of predefined questions.'® There-
fore, 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 cannot manipulate the results. The score determines the level

location to visit and assist with the practical test. However, SENA does not consider this issue
a significant barrier for participants to attain certification.

17. 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.

18. While the technical norm itself is publicly available, the question bank is not accessible.
According to SENA, the question bank contains more than 100,000 questions for all the different
technical norms. The question bank undergoes continual enhancement and revision to adapt to
the evolving standards of a particular occupation. 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.



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 30
and 59.9 points receive a basic certificate, while those scoring between 60 and 89.9
points are granted an intermediate certificate. Lastly, participants 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 certification level
by undertaking the second part of the examination in the subsequent fiscal year.
Our data show that only 0.5% of participants retake the knowledge test. 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 certificate typically includes the participant’s name, identifier number, certifi-
cate expiration date, awarded certificate level, and the specific technical norm for
which the participant has been certified (see Figure OA1 in online Appendix A).'?
Employers can access certificate information by entering the worker’s identification
number into SENA’s web portal, ensuring that the same information is available
to both workers and employers. Consequently, participants are unlikely to conceal

the certificate when dissatisfied with the outcome.

In general, no legal barriers prevent workers from continuing their current occu-
pation, even if they do not obtain certification in the relevant technical norm.
However, an exception exists for specific technical norms that apply to regulated
occupations. Regulated occupations involve tasks where workers face exceptional
hazards, or where failure to comply with the prevailing technical standards could
lead to unacceptable risks for consumers and workers.?? For such occupations, cer-
tification 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 practice such occupations. Within our dataset, technical norms
related to regulated occupations comprise less than 7% of the observations, and we

choose to exclude them from the analysis. This exclusion is mainly motivated by

19. According to SENA officials, exam takers always complete the exam, and the data does
not indicate any incomplete tests.

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. Examples 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.

10



the fact that the 90-point threshold leads to distinct and incomparable 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 underlying 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 inter-
mediate certificate in the case of technical norms associated with non-regulated

occupations.

Our analysis of the certification program relies on administrative data provided
by SENA, which covers all participants seeking certification in technical norms
linked to non-regulated occupations from January 2017 to December 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 docu-
mented participants’ demographic characteristics and the specific technical norms
for which they sought certification. Throughout this period, the program issued
approximately 627,000 distinct certificates to more than 470,000 participants.?!
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. Section 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 certification
program between 2017 and 2019. Second, given that our primary data on pro-
gram participants do not contain information on labor market outcomes after cer-
tification, we use administrative records from contributions to the social security

system to obtain income and employment status information.

21. The number of certificates exceeds the number of participants due to individuals being
eligible for certification in multiple technical norms. In our analysis in Section 5, we focus on
the returns to the first certificate.

11



3.1 SENA

We obtained data from SENA on all individuals who started the certification
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 descriptive statistics for the complete dataset.

The sample comprises predominantly male individuals (68.4%). We focus on the
sample of men since women may have a weaker attachment to the labor market
and are more likely to engage in home production activities that are not captured
in our data. Furthermore, women may face different productivity priors due to
labor market discrimination, which could affect the returns to signaling. While
this issue is certainly relevant, it lies beyond the scope of the current paper and is
left for future research. Nonetheless, as discussed in Section 5.3, estimates using

the full sample of men and women are compatible with our core results.

The second column of Table 1 shows that men in the sample are, on average, 38.5
years old. In addition, consistent with the type of occupations targeted by the
certification program, there is a large share of low-educated individuals: Only 4%
of the sample have a college degree or more, 46% have completed high school, and
20% have less than high school.

As previously mentioned, the first part of the exam is generally considered a pass
for nearly all participants. Therefore, in practice, it does not determine their
eligibility for the certificate. In fact, the pass rate for the sample of men stands
at 99%. The objective of the second part is to assess participants’ comprehension
of concepts and current standards outlined in the technical norm, and therefore,

such knowledge constitutes occupation-specific skills.?® The mean score for the

22. This number excludes 41,675 applications for certification on technical norms related to
regulated occupations.

23. For instance, while all plumbers likely possess the capability to install and repair drinking
water and drainage networks, only the most skilled and up-to-date individuals are familiar with
the design principles of the network that allows them to determine the minimum pipe diameter
required for the different devices in the restroom according to the current norms and standards.
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. Therefore, approving the exam with a score above 90 points
indicates that a plumber, in fact, knows the differences between toilet types and can choose the
right pipe diameter to install them successfully.

12



second part of the exam among the sample of men is 82 points. Approximately
1% of workers fail to attain a certificate, whereas 13%, 40%, and 47% obtain basic,

intermediate, and advanced certificates, respectively.

It is important to discuss the distribution of certification levels further. As men-
tioned, SENA offers flexible schedules for workers to engage in the certification
process, making it unlikely for firms to deter workers from participating. More-
over, since there are no legal repercussions for under performing and wages in
Colombia are downward rigid (Agudelo and Sala 2017), less productive workers
do not face significant consequences for poor performance. Consequently, workers’
participation decisions are most likely driven by their expected returns. The dis-
tribution of certificates suggests that those most likely to succeed in the program
(i.e., obtain higher certification levels) are more likely to participate. Nonethe-
less, the extent of selection near the relevant certification cutoffs is unlikely to be

substantial, as discussed in Section 4.2.

13



Table 1: Descriptive Statistics

SENA data Estimation Sample
Full Sample Men Only (Men)
A. Demographic Characteristics (SENA)

Demographic Characteristics (Mean)

Age 38.24 38.53 45.03 (0.00)
Less Than High School 0.19 0.22 0.20 (0.00)
High School 0.41 0.46 0.46 (0.07)
Some College 0.37 0.30 0.30 0.00)
College or More 0.04 0.02 0.04 (0.00)
Employment Status (Mean)
Salaried Worker 0.78 0.80 0.87 (0.00)
Self-Employed 0.05 0.05 0.05 (0.00)

B. Certification Program (SENA)

Skills Certified

Technical Norms 912 912 912

Industry Skill Councils 74 74 74
Certification Level (Mean)

Basic 0.13 0.13 0.13 (0.02)

Intermediate 0.40 0.39 0.39 (0.00)

Advanced 0.47 0.48 0.47 (0.00)
Certification Two-Part Exam (Mean)

Knowledge 81.97 82.11 82.02 (0.00)

Competence 99.15 98.91 99.02 (0.00)
Individuals 627,340 429,272 181,395

C. Post Certification Labor Market Outcomes (PILA)

Employment Status (Mean)

Salaried Work at Certification e S 0.81
Self-Employment at Certification e e 0.09
Potential Experience at Certification e e 27.38
Salaried Work .. ... 0.77
Self-Employment e .. 0.09
Job-to-Job Transition Probability . . 0.06
Dummy for Accumulated Job-to-Job Trans. . . 0.19
Income (Mean) e e
Income . . 1,153,149
Ln of Income - Salaried Worker . e 13.97
Ln of Income - Self-Employed e . 13.90
Observations e . 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 full sample of men (second
column), and the matched sample of men (third column). The matched (estimation) sample
corresponds to the subsample of men we could match with PILA. P-values of a difference-in-
means test for the full and matched samples of men are reported in parenthesis adjacent to
the corresponding means for the matched sample. The first panel reports demographic char-
acteristics and employment information, calculated using SENA data only. The second panel
reports information regarding the certification program. The last panel uses PILA data and
shows descriptive statistics for selected variables at the time of certification. In addition, it
shows descriptive statistics on relevant labor market variables during the two years following
certification. Potential experience at the time of certification is calculated by subtracting years
of education plus six years from the worker’s age. A job-to-job transition is a worker’s move from
one firm to another in the subsequent quarter. The dummy variable for accumulated job-to-job
transitions takes the value one if the individual has had at least one job-to-job transition after
certification. The income variable contains zeros in periods when individuals are not salaried

workers or self-employed.
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3.2 PILA and Estimation Sample

We use employer-employee-linked administrative data from the Unified Social Se-
curity Contributions Form (PILA, by its Spanish acronym) to obtain the labor
market histories of program participants. By law, all workers and firms in the for-
mal 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
2010.2* This implies that, for individuals who did not report to PILA in 2010, we
cannot, observe their labor market outcomes at any time. In the third column of
Table 1, we report descriptive statistics for the matched sample of men, which is

our estimation sample.?

The matched sample contains 39% of individuals from the entire sample of men.
There are significant differences between the matched and unmatched samples.
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. Notably, all 912 technical norms
are present in the matched sample, and individuals in the estimation sample are
as likely to obtain a basic, intermediate, or advanced certificate as those in the

full sample.?¢

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

24. Law 1581 of 2012 is the general legal framework applicable to managing and protecting
personal data. Because of the restrictions imposed by the law, individual identification numbers
were only part of PILA in 2010.

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

26. Table OA1 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.

27. We aggregate the monthly PILA data into quarters to enhance computational efficiency.
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First, our measure of income is the average monthly reported income. Second, 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 unemployment from employment in the
informal sector, in which reporting to PILA is not mandatory. Nevertheless, taking
advantage of the self-reported data on employment from SENA and comparing it
against 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, despite the slight differences in composition, the overall employment rate at
the time of certification is around 92%, suggesting that the informal sector is not
as relevant for our sample as it may be in the general population of low-educated

Colombian workers.

Each month, workers must classify their occupational status using PILA’s cat-
egories. We classify individuals as salaried workers if they are categorized as
dependents or belong to any other category in which their employers make con-
tributions to the social security system on their behalf. Conversely, individuals
are classified as self-employed if they report being independent workers or belong
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. Nonetheless, most partic-
ipants (69.3%) have only one certificate, 20.0% have two certificates, and 10.7%
have more than two certificates. In our preferred specification, we estimate the
returns of the first certificate. As we show in Section 5.3, our conclusions remain
when we exclude individuals with more than one certificate between 2017 and
2019. Lastly, we look at outcomes up to two years after certification, when the

certificates remain valid.?®

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 estimation sample

within two years of certification. The overall employment rate in this two-year

28. 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.
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period is 86%, with 77% of workers being salaried. At the time of certification,
workers possess, on average, 27 years of potential experience, calculated by sub-
tracting years of education plus six years from the individual’s age. The average
monthly income for our sample is 1,153 thousand Colombian pesos, which is equiv-
alent to approximately USD 427 in 2018 dollars. This amount is slightly higher
than the average minimum wage between 2017 and 2021, standing at 826 thou-
sand Colombian pesos, suggesting that most of the people in our sample work in

low-paying jobs that don’t require formal education, such as a college degree.

Lastly, one key element of our analysis in Section 4 is the correlation between the
score in the knowledge test (i.e., our running variable) and subsequent earnings.
For instance, if scores are not correlated with earnings, it is unlikely that firms
would infer that an individual is more productive based on higher test scores. To
illustrate this correlation, we estimate a regression of earnings on test scores. We
employ two measures of earnings: income in levels (including zeros) and the nat-
ural logarithm of income within two years of certification. We report results with
and without additional controls for each outcome in Table 2. Additional controls
include age, education, and an array of fixed effects. Our estimates indicate a pos-
itive and significant correlation between earnings and exam scores. For example,
estimates in column 2 show that a ten-unit increase in exam scores is associated
with an increase in income of 42.3 thousand (4.22%). These results support an

information-based interpretation of the results.

Table 2: Exam Scores and Earnings: Correlations

) ) 3) @)
Income Income Ln(income) Ln(income)
Score 4.351 4.230 0.003 0.002
(0.043) (0.044) (0.000) (0.000)
Controls No Yes No Yes
Observations 1,446,151 1,446,151 1,267,044 1,267,044
R-squared 0.007 0.145 0.008 0.158

Notes: The reported coefficients are from ordinary least squares regressions and indicate the
effect of exam scores on the corresponding outcome. The outcomes are: income in levels (columns
1 and 2) and the log of income (columns 3 and 4). Regressions in columns 2 and 4 include
the following control variables: age dummies, education dummies, industry skill councils’ fixed
effects, and year-of-certification fixed effects. Standard errors are reported in parentheses below

the point estimates.
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4 Empirical Strategy

4.1 Research Design

This section describes the empirical strategy used to estimate the returns of ob-
taining a basic, intermediate, or advanced certificate. Given the nature of the
SENA certification program, we use a sharp regression 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. Importantly, with
a sufficiently large number of mass points in the score, as observed in our study,
it is possible to analyze a regression discontinuity design using methods from the

continuity-based approach (Cattaneo et al. 2022).

Let TS = 1(scorey; > ¢) be an indicator variable that takes the value of 1 if
individual 7, taking the exam in year ¢, obtains a certification score, score;;, equal
or 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 = a + Bscorey + 05T + Tscorey X TS + 7! + €, (1)

where, Z; are predetermined covariates and Y;, represents the labor market out-
come of interest s > 0 quarters after certification. Equation (1) is estimated with
only individuals with scores within a chosen bandwidth A, such that score; €
[c — h,c + h|, and with weights applied according to some kernel function. The
main parameter of interest, 0%, is estimated as

%p = lm  E[Yi|scorey, Z;] — lim E[Yj|scorey, Z;]. (2)

score;ple score;te

Our primary outcome of interest is the natural logarithm of income, which includes
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earnings from salaried work and self-employment.?® 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 cer-
tification (that is, s € [1,8]). The predetermined covariates, Z;, include age and
education dummies. We also include industry skill councils’ fixed effects and year-
of-certification fixed effects.® 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.?’ We report RD point estimators with ro-
bust bias-corrected confidence intervals (Cattaneo et al. 2020). Lastly, standard
errors are clustered at the technical norm level to adjust for the correlations in-

duced by industry- and occupation-specific unobserved components.

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, im-
plying that individuals just above the threshold are systematically different from
individuals just below it. To mitigate this concern, we perform two falsification
tests that support the validity of the RD design. First, we examine the density
of the running variable, score;, around each threshold. Second, we investigate

whether treated individuals are similar around each threshold. The intuition for

29. 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 6. In Section
5.3.1, we present the results when employing income in levels as the outcome of interest.

30. 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. The median
proportion of workers participating in the certification program between 2017 and 2019 is 4% of
firms’ total workers.

31. In Section 5.3, we show that our results are robust to the inclusion of additional con-
trols (year and location fixed effects or no controls at all), using alternative methodologies 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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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 num-
ber 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 grading is per-
formed (by a computer) in a location different from the testing location, reducing
the chances of manipulation. Furthermore, the underlying score is not revealed
to participants or employers, who only get to see the certification level. Figure 1
displays the distribution of the scores.?? 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 manipulation test in our context since the running variable has mass
points at integer values. The critical parameter in the manipulation test is £,
which dictates the maximum degree of non-linearity in the probability mass func-
tion that is still considered compatible with the absence of manipulation.®®> The
results of the manipulation test around all three thresholds lead us to fail to reject

the null hypothesis of the absence of manipulation (p-value = 1).

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 analysis, Z;, and income at
the time of certification (that is, s = 0). The results are presented in Table 3.
Our analysis shows that, at the moment of certification, individuals just below the
threshold for receiving a basic certificate are not statistically different from indi-
viduals 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.
Importantly, the results from this balancing test also suggest that unobserved dif-
ferences correlated with pre-certification income and program participation are

minimal among agents near the threshold.

32. In the histogram in Figure 1, we exclude the highest score, 100, since it represents a signifi-
cant mass point (25% of certificates), denying a straightforward visual exploration of continuity.
In Figure OA2 in online Appendix A, we display the complete histogram.

33. A smaller £ 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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Figure 1: Distribution of Scores

Density
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Notes: This figure displays the distribution of scores in the second part of the certification 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 full histogram.

Finally, we reach the same conclusions for individuals around the intermediate and
advanced thresholds. In all, our tests show a smooth evolution through the differ-
ent thresholds, confirming that participants just above and below the respective

cutoffs are similar.

5 Results

In this section, we present the core results. We use Equation (1) to estimate
the returns from obtaining a given certification level. As mentioned before, our
primary outcome of interest is the natural logarithm of income. We begin by
examining 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
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Table 3: 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 4. Bandwidths are displayed

below the effective number of observations.

of the signal.

5.1 Effects of Obtaining a Basic or Intermediate Certifi-

cate

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. The first panel of Table 4 displays the re-
sults on the log of income for quarters one to eight after certification.?® Figure 2
presents a visual depiction of the effects one and eight quarters after certification.
The figure seems to suggest a weak correlation between the running variable (exam
scores) and the log of income. Such a pattern is not necessarily surprising, given

our research design. Specifically, individuals around the threshold of interest are

34. The estimates in Table 4 offer a comprehensive view of how the optimal bandwidth and,
consequently, the number of effective observations vary by quarter.
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assumed to be similar, except that the group to the right of the threshold obtained
a higher certificate. Furthermore, when employing the entire sample to examine
the relationship between earnings and exam scores, Table 2 demonstrates a ro-
bust, positive, and significant correlation between the two variables, supporting

an information-based interpretation of the results.

Our estimates generally reveal no discernible effect on income within the first
two years following certification. Specifically, for individuals with a basic certifi-
cate, income changes remain statistically equal to zero even after eight quarters,
relative to marginal individuals without a certificate. This result is not entirely
unexpected, considering the narrow sample size around the threshold for basic

certificates, which affects the precision of the estimates.

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

Regression function fit Regression function fit
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(a) Quarter One (b) Quarter Eight

Notes: The two figures summarize the estimated results of Equation (1), one 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. 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.

Turning to the effects of acquiring an intermediate certificate, the second panel
of Table 4 presents the results on the log of income one to eight quarters after
certification. The effect is measured by the discontinuity observed between indi-
viduals who score just below 60 points and those who score just above 60 points.
Figure 3 presents a visual depiction of the effects one and eight quarters after
certification. Our analysis indicates that the effect is small and not statistically
different from zero for individuals obtaining an intermediate certificate relative to

marginal individuals who obtain a basic certificate.
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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
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Notes: The two figures summarize the estimated results of Equation (1), one 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. 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.

Two plausible explanations can account for the statistically null effects of obtain-
ing either a basic or an intermediate certificate. First, the basic or intermediate
certificates may not significantly enhance workers’ prospects for transitioning to
other firms. Potential employers likely do not want to incur the costs of poaching
average workers, and, consequently, there is no incentive for current employers
to increase wages. Second, it is possible that the basic and intermediate certifi-
cates do not provide new information about workers’ productivity, thus leading to

minimal revisions in employers’ priors and, consequently, earnings.>’

Both explanations are foreseeable in our context given that 47% of the population
applying to be certified gets an advanced certificate. Such an outcome further
aligns with predictions of the basic signaling models (for example Spence 1973,
1974; Weiss 1995). In these models, firms pay wages based on average productivity,
and only workers capable of signaling productivity levels above the average (e.g.,

advanced) would experience wage adjustments.

35. One may be worried that employers pay lower wages when the certificate is not as expected
(e.g., basic certificate). However, this is likely not the case. In the Colombian labor market,
wages are characterized as downward rigid (Agudelo and Sala 2017). Likewise, it is unlikely that
workers would be dismissed with cause for not reaching a given certification level, as this would
not constitute a breach of the employment contract nor a case for termination with cause.
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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 4. Figure 4 presents a visual depiction of the effects on the
log of income one and eight quarters after certification.*® Obtaining an advanced
certificate substantially affects income for all quarters. The estimated effect is

relatively stable over time, ranging between 8.7% and 12.7%.

The substantial returns associated with acquiring an advanced certificate suggest
that it provides employers with new and reliable information. Workers with ad-
vanced certificates can distinguish themselves from average workers and experience
income growth. For instance, an advanced certificate can signal occupation-specific
skills to prospective employers, potentially leading to income adjustments. These
adjustments may result from new employers seeking to attract the most productive
workers or from incumbent employers aiming to retain their talented workforce.
Therefore, obtaining an advanced certificate can contribute to wage growth within
the firm, even when the current employer has an accurate prediction of the worker’s
productivity. In Section 6, we argue that the ability to signal occupation-specific
skills to prospective employers emerges as the main mechanism behind our core
results. Furthermore, we posit that, considering the predominance of experienced
individuals in our sample, many of whom have held significant tenures in their
current firms, our results are unlikely to be explained by the certificate’s poten-
tial to (i) signal skills to incumbent employers, (ii) function as a screening tool
for justifying promotions, or (iii) attenuate workers’ uncertainties regarding their
skills.

36. Similar to Figure 2, Figure 4 suggests a weak correlation between exam scores and the log
of income. Although Table 2 shows a robust, positive, and significant correlation between the
two variables, this correlation is difficult to observe within the narrow (optimal) bandwidth used
for estimation (i.e., approximately +4 score units around the threshold). Moreover, the weak
correlation between exam scores and the log of income near the threshold supports our research
design, which assumes that individuals close to the threshold are similar, except those to the
right obtained a higher certificate.
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It is important to add the following caveat. Since employers do not observe the test
score, our estimated returns for the advanced certificate most likely reflect priors
about the productivity of a broader group of agents, rather than solely those at the
threshold (Graetz 2021). Within this broader group, workers holding an advanced
certificate may exhibit higher productivity due to greater innate ability, enhanced
occupation-specific skills, or a combination of both. Therefore, The RD design

cannot disentangle the relative contributions of these factors.

Figure 4: Sharp Regression Discontinuity Estimates of the Short- and Medium-
Term Effects of Obtaining an Advanced Certificate on Log of Income
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Notes: The two figures summarize the estimated results of Equation (1), one 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. 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.

Finally, there are two additional considerations to highlight. First, our estimates
are within the range of estimated returns to certification in developed economies
(Albert 2017; Kleiner and Krueger 2013; Kleiner and Vorotnikov 2017). Second,
the estimated returns to signaling advanced occupation-specific skills are compara-
ble to spending an additional year at school in Colombia (Garcia-Suaza et al. 2014;
Herrera-Idarraga 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 forties who have finished school and likely have limited opportunities for

wage growth.
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5.3 Robustness Checks

5.3.1 Alternative Outcomes

The outcome of our main specification is the log of income. By using this outcome
variable, we exclude individuals reporting zero earnings due to unemployment or
working in the informal sector. In this subsection, we utilize income in levels
(including zeros) as the main outcome. Unlike our previous estimates, these esti-
mates capture both the extensive (employment) and intensive (earnings) margin
effects. The results in Table OA3 in online Appendix B show that the estimated
effects on earnings from obtaining basic, intermediate, and advanced certificates
remain robust when using income as the main outcome. For instance, the ef-
fects of obtaining a basic or intermediate certificate are small and imprecisely
estimated. Additionally, the estimated effect of obtaining an advanced certificate
averages 152 thousand Colombian pesos, which is equivalent to an increase of
13.4%. These findings are not surprising since most of our agents are employed,
and the estimates mainly capture intensive margin effects. We discuss this issue

further in Section 6.

5.3.2 Alternative Specifications and Alternative Samples

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, 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 certificate.?”
For instance, our core findings are robust to including year fixed effects (to ac-
count, among other things, for the potential effect of COVID-19), location fixed
effects, excluding controls, using an optimal bandwidth that minimizes the cov-
erage error, using a fixed bandwidth, employing both a fixed bandwidth and a
sample reporting earnings in all eight periods considered (leading to a fixed num-
ber 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 magnitude and significance of the returns to signaling

occupation-specific skills remain in all specifications. The most notable deviation

37. The complete set of results, with detailed information on standard errors, number of ob-
servations, and bandwidth, are presented in Tables OA4 to OAG in online Appendix B.
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arises when employing a fixed bandwidth to evaluate the effects of obtaining an
advanced certificate. However, even in this case, the estimates consistently con-
firm 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.®® First, our primary find-
ings remain largely unchanged when utilizing a sample comprising both men and
women.?® In this scenario, acquiring either a basic or intermediate certificate
yields returns statistically indistinguishable from zero, whereas obtaining an ad-
vanced certificate leads to positive, significant, and permanent returns. Compared
to the baseline results for the advanced certificate, the returns in the full sample
are larger and more precisely estimated for all quarters. This observation suggests
that women face larger returns to signaling occupation-specific skills, which aligns
with traditional models of discrimination. According to these models, either em-
ployers prefer to work with males or possess prior beliefs that women have lower
productivity than men, resulting in differential compensation (Aigner and Cain
1977; Lang and Spitzer 2020). The presence of an advanced certificate likely cor-
rects these prior beliefs by providing evidence that both men and women possess
equivalent occupation-specific skills. Consequently, in line with our findings, the

proportional increase in returns for women should be greater.*°

Second, our main conclusions remain mostly unchanged when we restrict the sam-
ple 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 is somewhat important. There-
fore, our results may be partly driven by the presence of multiple certificates or

complementarities between certificates.

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

reporting, we analyze two subsamples to evaluate the robustness of our results.*!

38. 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.

39. Table OA2 in online Appendix A provides descriptive statistics for the estimation sample
of men and women.

40. This is an interesting finding that deserves closer examination in future research.

41. In Colombia, the monthly contribution to social security includes three categories: pension,
health insurance, and insurance to cover occupational hazards. Since the coverage does not
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First, we estimate Equation (1) excluding self-employed individuals, who are more
likely to under-report earnings. Second, we use a more restricted sample consisting
of those individuals who only worked as salaried employees within the two years
following certification. Overall, the conclusions for all three certificates remain
robust, suggesting that under-reporting 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 determining the treat-
ment 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 thresholds: 25, 35, 55, 65, 85, and 95. The results are summa-
rized in Figure OA7 in online Appendix B.*? 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 assump-
tions for sharp RD estimation. Furthermore, our core findings are not driven by
a specific bandwidth choice or specific controls and are not affected by under-
reported income. Moreover, we provide evidence that our key insights are not

sample-specific.

6 Mechanisms

Our baseline estimates indicate that obtaining an advanced certificate significantly
increases income, whereas intermediate and basic certificates do not have such
effects. In this section, we propose that the advanced certificate’s positive returns
are mostly due to its role in signaling productivity to potential employers. We
analyze the data and provide empirical evidence compatible with this possibility.
We further discuss some alternative explanations that are likely less prevalent

in our context. In particular, based on the characteristics of our sample and

depend on the contribution for health and occupational hazards, individuals have incentives to
under-report 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.

42. 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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the substantial returns observed among experienced employees, we posit that our
results are unlikely to be explained by the certificate’s potential to (i) signal skills
to incumbent employers, (ii) function as a screening tool for justifying promotions,

or (iii) attenuate workers’ uncertainties regarding their own skills.

6.1 Conceptual Framework: Signaling Occupation-Specific
Skills to Potential Employers

From the perspective of traditional signaling models (Spence 1973, 1974; Weiss
1995), the returns of the advanced certificate can be explained by its ability to
transfer valuable information about the worker’s potential productivity to prospec-
tive employers. Within our context, the certificate’s significance lies in its ability
to convey essential information that may not be readily discernible from resumes
or other publicly observable attributes, such as experience. This includes per-
tinent details on whether the individual possesses up-to-date skills aligned with
the constantly evolving and prevailing occupation-specific standards. In essence,
the certificate provides information that transcends the scope of traditional work

experience metrics.

The certificate serves as a valuable instrument for individuals not currently em-
ployed in salaried positions, such as the unemployed or self-employed, by facilitat-
ing their transition to salaried employment through the provision of crucial insights
about their occupation-specific skills to prospective employers (Abebe et al. 2021;
Bassi and Nansamba 2022; Carranza et al. 2022; Groh et al. 2015). Additionally,
the certificate enables salaried workers to convey skill-related information to po-
tential employers. This mechanism is particularly important in contexts of asym-
metric information, where incumbent employers possess more knowledge about
workers’ occupation-specific skills than potential employers (Kahn 2013; Pinkston
2009; Schonberg 2007). For external firms lacking insider information, accurately
assessing these skills and determining whether workers meet current occupational

standards can be challenging. The certificate helps bridge this information gap.

Consequently, for salaried workers, the certificate can trigger outside offers from
potential employers (i.e., direct response), leading to two possible outcomes. First,
salaried workers may choose to transition to a new firm if the incumbent employer
does not provide a counteroffer or if the counteroffer is insufficiently attractive.

Second, the incumbent employer may respond (i.e., indirect response) by adjusting
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wages to retain valuable workers.*® Therefore, indirect responses can also generate
positive returns, even though learning about productivity has already occurred in
the workplace. Importantly, since information about the individual’s alignment
with current occupational standards is not perfectly correlated with experience
and may not be readily discernible from resumes, the proposed mechanism likely
remains relevant even among the most experienced salaried workers. In such a
way, positive returns among the most experienced workers reveal that the related

information frictions tend to be highly persistent.**

In Section 6.3, we explore the possibility of incumbent firms directly responding
to the information provided by the certificate. This response typically involves re-
assessing productivity as the incumbent continues to learn about the productivity
of its workers. Nonetheless, given the tenure composition of our sample, we posit
that this alternative mechanism is unlikely to be the primary driver behind our

observed results.

6.2 FEvidence on Mechanisms

6.2.1 The Value of Signaling to Potential Employers: Evidence from
the Self-Employed and the Unemployed

We start by evaluating whether signaling occupation-specific skills to potential em-
ployers can explain some of the advanced certificate’s returns. Our initial emphasis
is on participants who are not engaged in an employer-employee relationship at the
time of certification, specifically those who are self-employed or unemployed. This
focus aims to ensure that incumbent employers do not influence responses from
potential employers. In the next subsection, we shift focus to salaried workers, for
whom the certificate may generate responses from both incumbent and potential

employers.

To the extent that the certificate enables self-employed and unemployed individ-

43. We refer to this possibility as indirect response as it is not directly coming from acquiring
new information about the worker’s productivity. It is important to add that in frictional labor
markets marked by information asymmetry, such a response is probable. Within those environ-
ments, a wedge often emerges between workers’ marginal products and their wages, presenting
opportunities for wage adjustments. In contrast, within perfectly competitive markets, firms pay
wages in accordance with the worker’s marginal product and, therefore, the incumbent employer
would be less likely to respond to counteroffers (Postel-Vinay and Robin 2002; Postel-Vinay and
Robin 2002).

44. This observation is particularly relevant if incumbent employers are underpaying workers.
This idea aligns with some of the results in Adhvaryu et al. (2023).
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uals to convey critical information about productivity to potential employers, we
should observe transitions into salaried work after certification, accompanied by
increases in income. However, due to frictions in the labor market (Lain 2019;

Narita 2020), we do not necessarily expect these transitions to occur immediately.

Figure 5 presents estimates for the effect of obtaining an advanced certificate on
income and employment outcomes among self-employed individuals at the time of
certification.*> Our findings reveal a positive and statistically significant increase
in salaried work, averaging 16.4 percentage points, with this effect becoming evi-
dent three calendar quarters after certification. Corresponding increases in income
accompany this increase in salaried work. Specifically, our estimates show an av-
erage income increase of 15.5% between quarters four and eight, suggesting that
potential employers significantly respond to the new information, thereby under-

scoring the distinctive signaling value of the certificate.

The previous conclusion does not apply to those unemployed at the time of cer-
tification. For this group, we find no evidence of increases in either salaried work
(Figure 5) or self-employment (Table OA12), and, as expected, no effects on in-
come. One possible reason for the differing outcomes between unemployed and
self-employed individuals is that the negative information from employment sta-
tus may counteract positive information regarding skills.*® Conversely, individuals
attached to the labor market, such as the self-employed, may be better at finding
and accepting suitable jobs compared to the unemployed (Blau and Robins 1990;
Faberman et al. 2022). Regardless, the evidence suggests that providing infor-
mation about occupation-specific skills may not be sufficient to help participants

transition out of unemployment and improve their income.

45. The complete set of results, with detailed information on standard errors, number of obser-
vations, and bandwidth, are displayed in Table OA12 in online Appendix C. For completeness,
Table OA11 in online Appendix C presents the estimates for the effects of obtaining an ad-
vanced certificate on income and employment outcomes for the whole sample of men, without
subdividing by initial employment status.

46. This explanation aligns with previous literature suggesting that employers are more inclined
to hire individuals currently employed to mitigate the risk of hiring subpar candidates, known
as lemons (Kugler and Saint-Paul 2004).
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Figure 5: Sharp Regression Discontinuity Estimates of the Short- and Medium-
Term Effects of Obtaining an Advanced Certificate by Initial Employment Status
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Notes: Each plot displays the estimate for the main coeflicient of interest in Equation (1)
and its 95% confidence interval, one to eight quarters after certification, for three outcomes
based on employment status at certification: unemployed, self-employed, or salaried worker.
The three outcomes are salaried work, log of income, and the probability of having changed
jobs after certification (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 OA12 in online Appendix C.

34



6.2.2 The Value of Signaling to Incumbent and Potential Employers:

Evidence from Salaried Workers

The certificate also allows salaried workers to signal their skills outside their cur-
rent firm, thereby narrowing the informational gap between incumbent and po-
tential employers. We begin by presenting evidence of returns for salaried workers
and subsequently discuss, to the extent that our data permits, whether this evi-
dence aligns with direct responses from potential employers or indirect responses

from incumbents.

Figure 5 displays the effects on income and employment outcomes up to eight
quarters after certification for salaried workers at the time of certification. For
all quarters, we observe positive and significant effects on income ranging from
8.6% to 14.1%, with an average increase of 10.7%. In addition, our findings show
that the probability of changing jobs (at least once) after certification increases
by 6.6 percentage points (46.8%), on average, within the two years after certi-
fication. Nonetheless, we find no significant changes in either salaried work or
self-employment within the same period (see Table OA12). These results suggest

that signaling skills outside the firm trigger transitions to new firms.

To explore potential responses from incumbent employers, Table 5 shows the re-
sults for the sample of salaried workers who did not have job-to-job transitions
within 3, 12, and 24 months following certification. Estimates show returns rang-
ing between 9.1% and 15.4%. While these estimates may be subject to selection,
given that estimation requires splitting the sample by an outcome realized after
treatment, the magnitude of the effect provides suggestive evidence that incum-

bent employers are also reacting to the advanced certificate.

As mentioned in Section 6.1, in the context of asymmetric information between
employers, signaling occupation-specific skills to potential employers should re-
main relevant even among the most experienced salaried workers. To discuss this
issue further, we consider three different subsamples: (i) workers with 15 years or
less of potential experience, (ii) workers with more than 15 years but less than 30,
and (iii) workers with more than 30 years.*” Figure 6 presents the results on the

probability of changing jobs and income for these subsamples.

On the one hand, we find sizable effects on income among less experienced work-

47. Potential experience is calculated by subtracting years of education plus six years from age.
The average potential experience in the sample is 27 years (see Table 1).
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Table 5: Sharp Regression Discontinuity Estimates of the Effects of Obtaining an
Advanced Certificate: Salaried Workers Without Job-to-Job Transitions

(1) (2) (3)

Outcome Quarter 1 Quarter 4 Quarter 8
Ln (Income) 0.111 0.154 0.091
(0.038) (0.036) (0.032)
Observations 125,524 110,886 87,052
Control Obs. 5,653 5,009 4,594
Treat. Obs. 10,916 9,639 9,294
Bandwidth 2.921 2.965 3.652

Notes: Each cell displays the estimate for the main coefficient of interest in Equation (1). The
outcomes are the log of income after one quarter, one year, and two years following certifica-
tion, respectively, for individuals who did not switch jobs during the corresponding periods .
For instance, in column 2, we focus on individuals who did not undergo a job-to-job transition
within the first year following certification. All estimates are based on the sample of salaried
workers at certification. 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 disconti-
nuity estimator. We report robust bias-corrected standard errors below the point estimates in

parentheses. Standard errors are clustered at the technical norm level.

ers. For instance, we estimate an average increase in income of 20.5% for salaried
workers with less than 15 years of potential experience. Interestingly, there is no
discernible evidence of job mobility, suggesting that wage adjustments may orig-
inate within the incumbent firm. On the other hand, while we estimate sizable
effects on income among more experienced workers, there is also some evidence
of increases in the probability of changing jobs after certification. For example,
individuals with 15 to 30 years of potential experience exhibit an average income
increase of 6.3%, as well as an average increase in the probability of switching
jobs of 4.4 percentage points (28.6%). These results reinforce the notion that po-
tential employers react to the certificate. Importantly, returns for all experience
groups are statistically indistinguishable from each other. As such, the evidence
suggests that the documented information friction tends to be highly persistent.
Overall, our evidence supports the notion that the certificate triggers direct re-
sponses from prospective employers seeking to attract valuable workers, as well
as indirect responses from incumbent employers who adjust wages to retain their

skilled workforce.
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Figure 6: Sharp Regression Discontinuity Estimates of the Short- and Medium-
Term Effects of Obtaining an Advanced Certificate for Salaried Workers by Po-
tential Experience
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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 two outcomes by potential
experience: workers with 15 years or less, workers with more than 15 years but less than 30, and
workers with more than 30 years. All estimates are based on the sample of salaried workers at
certification. The outcomes are the log of income and the probability of having changed jobs after
certification. 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 OA13 in online Appendix C.
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6.3 Alternative Explanations
6.3.1 Signaling Occupation-Specific Skills to Incumbent Employers.

An alternative possibility is that the returns observed within the firm are at-
tributable to the certificate affecting the information set of incumbent employ-
ers, leading them to reassess productivity expectations and adjust wages accord-
ingly. This direct response from incumbents is likely more pronounced among
low-tenured workers, as employers may not have had sufficient time to gauge these
workers’ productivity and assess if their skills are up-to-date (Altonji 2005; Farber
and Gibbons 1996; Jovanovic 1979; Lange 2007). Conversely, this mechanism is
potentially irrelevant for high-tenured workers. We posit that, in our context, this
possibility is unlikely to be the fundamental driver of returns for several reasons.
For the advanced certificate, our sample includes salaried workers with an aver-
age tenure of 4.3 years. Additionally, over 65% of those near the threshold for
obtaining an advanced certificate have worked in the firm for over five years. Pre-
vious research suggests that employers learn quickly, with most learning occurring
within three years of tenure (Lange 2007). Therefore, it is improbable that incum-
bent employers would significantly update their expectations upon observing the

certificate.*®

It is also plausible that the certificate provides incumbent firms an objective cri-
terion for awarding promotions.*® Given that the certified skills are developed on
the job and can be evaluated over time, and considering that the workers in our
sample are experienced, current employers most likely have accumulated sufficient
information to justify promotions. Therefore, it is unlikely that the certificate
alone serves as a definitive criterion for permanently increasing salaries by 10%,

particularly among the most experienced employees.

6.3.2 Attenuating Workers’ Uncertainty About Their Own Skills.

An alternative explanation for the observed increases in income is based on the

hypothesis that workers are uncertain about their skill level.”® According to this

48. Moreover, the skills under consideration primarily pertain to low-paid jobs, making the
productivity assessment more likely to occur during the initial years on the job.

49. Benson et al. (2019) discusses the importance of establishing criteria for promotion that do
not lead to perceptions of favoritism, unfairness, or the impression that effort in one’s job goes
unrewarded.

50. For papers using an experimental approach to prove evidence about this channel, see Falk
et al. (2006). For papers adopting non-experimental approaches, see, for example, Antonovics
and Golan (2012), Golan and Sanders (2019), and Sanders (2014).
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explanation, when workers receive an advanced certificate, they learn about their
abilities, realize their true prospects in the labor market, and change their behav-
iors. While workers’ uncertainty about their skills might explain part of the effect,
it’s unlikely to be the main driver for at least two reasons. First, if that were the
case, we expect to see a decrease in unemployment as workers transition to self-
employment or salaried work.”! However, our findings don’t support this pattern
(see Table OA12). Second, this explanation assumes that workers are unaware of
their potential. However, it’s unclear how to support this assumption in a context

where workers have an average of 27 years of potential experience.®?

7 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 in Colombia that
certifies workers’ occupation-specific skills. Our study context is unique in that it
allows us to directly evaluate the effect of the signal’s content, as the certification
program offers three levels of certification, which are entirely determined by sharp
thresholds: basic, intermediate, and advanced. Using a regression discontinuity
design, 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 experience statis-
tically insignificant returns on earnings within two years. On the other hand, there
is a sizable and permanent effect on average earnings (9.7%) for individuals with
advanced certificates. We argue that obtaining an advanced certificate mainly im-
pacts earnings by allowing individuals to effectively signal their occupation-specific
skills to potential employers, increasing their likelihood of receiving outside offers.
Although such a mechanism is particularly prevalent among self-employed individ-

uals, we also find evidence among salaried workers, including the most experienced

51. On the one hand, individuals who receive the certificate may tend to proactively intensify
their job search efforts, leading to an upswing in secured employment opportunities (Carranza
et al. 2022; Falk et al. 2006; Mueller et al. 2021). Conversely, possessing an advanced certification
and learning about one’s skills may instill a heightened sense of confidence, fostering the belief in
one’s capacity to thrive as an entrepreneur and prompting a transition towards self-employment
(Asoni 2011; Hamilton et al. 2019; Levine and Rubinstein 2017).

52. Usually, studies in this stream of literature focus on transitions between occupations that
happen early in workers’ careers. The findings suggest that most learning about one’s skills
happens early and that experimentation ceases to explain transitions between jobs after a few
periods of accumulating job experience. For example, Antonovics and Golan (2012) find that
much of the learning occurs in the first seven years.
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ones. For salaried workers, results suggest that returns are not only coming from
prospective employers but also from incumbent employers, who react to the pos-

sibility of losing valuable workers.

Our results provide compelling evidence that certification programs can stimulate
post-schooling wage growth among low-educated, experienced workers. The cer-
tificate serves as a reliable indicator of productivity, particularly in cases where
traditional signals of academic ability are not informative about specific aspects
of human capital, such as occupation-specific skills. Additionally, the certificate
is valuable when job market history fails to demonstrate the worker’s current

alignment with constantly evolving occupation-specific standards.

It is important to acknowledge a couple of caveats when interpreting our findings.
First, our sample is confined to Colombia, which implies that our results primarily
pertain to labor markets characterized by significant information frictions. In
this sense, our findings hold broader implications for developing countries sharing
similar labor market characteristics. Second, one possible drawback of certification
programs is that they can diminish firms’ motivations to invest in their employees
(Acemoglu and Pischke 1999). However, the motivations for training workers in

developed countries may differ from those in our context (see, for example, Caicedo
et al. (2022)).

Nonetheless, our findings suggest the existence of information asymmetries among
employers even after workers have accumulated considerable labor market experi-
ence and the certificate partially corrects them. A key takeaway from our research
is that implementing policy measures designed to disclose information pertain-
ing to previously acquired skills, thereby reducing the informational gap between
incumbent and potential employers, holds the potential for substantial efficiency
gains by increasing job mobility. Due to the rapid evolution of skills demanded
in the labor market, policymakers often emphasize the importance of continued
development of occupation-specific skills for experienced workers. Nonetheless,
according to our findings, another set of effective policy measures involves the
design of mechanisms for revealing information about already acquired skills on
the job. Moreover, such mechanisms can also incentivize individuals to maintain

their skills up-to-date.
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Online Appendix A. Additional Figures and Tables

Figure OA1: Example of an Advanced Certificate
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Table OA1: Top 10 Technical Norms: Matched and Unmatched Samples

Matched Sample

Ranking Name Share of Ranking
in Partici- in Un-
Matched pants matched
1 Serve customers in accordance with service procedures 0.10 1
and regulations.
2 To guide classroom training in accordance with tech- 0.05 3
nical procedures and regulations.
3 Control access in accordance with private security reg- 0.04 5
ulations.
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- 0.02 17
nical manual.
7 Drive light vehicles according to technical procedures 0.02 7
and traffic and transportation regulations.
8 Prevent security and surveillance incidents by techni- 0.02 15
cal regulations.
9 Prepare light vehicles in accordance with legal and 0.02 9
technical regulations.
10 To drive inter-municipal or special passenger service 0.02 30
motor vehicles, category c2, by the regulations in
force.

Un-Matched Sample

Ranking Name Share of Ranking in
in Un- Partici- Matched
macthed pants
1 Serve customers in accordance with service procedures 0.21 1
and regulations.
2 Handle food according to current standards. 0.07 5
3 To guide classroom training in accordance with tech- 0.07 2
nical procedures and regulations.
4 Administer immunobiological according to delegation 0.05 76
and health regulations.
5 Control access in accordance with private security reg- 0.04 3
ulations.
6 Orient people according to health standards. 0.03 65
7 Drive light vehicles according to technical procedures 0.03 7
and traffic and transportation regulations.
8 Collect potentially recyclable solid waste according to 0.02 110
established procedures and current regulations.
9 Prepare light vehicles in accordance with legal and 0.02 9
technical regulations.
10 Transfer users in accordance with coexistence, transit, 0.02 12

and land transportation regulations.

Notes: This table displays the top 10 technical norms in the matched (estimation) and unmatched

samples of men.



Figure OA2: Distribution of Scores

O - T T T T T T T

T T T
0 10 20 30 40 50 60 70 80 90 100
Knowledge Score

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 OA2: 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.



Online Appendix B. Robustness Checks
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Figure OA3: Sharp Regression Discontinuity Estimates of the Effects of Obtaining a
Certificate on Log of Income: Robustness Checks
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Figure OA3 Continued. Sharp Regression Discontinuity Estimates of the Effects of Ob-
taining a Certificate on Log of Income: Robustness Checks
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(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 4. 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
0A4, OA5, and OAG.
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Figure OAb5: Sharp Regression Discontinuity Estimates of the Effects of Obtaining a

Certificate on Log of Income: Alternative Samples

Quarter 1 Quarter 2 Quarter 3 Quarter 4
Baseline DN I
Men and Women-| ——|°—— —T— —te— —e—
One Certificate Only
Salaried Workers
Never Self-employed
-.(I)5 0 .65 I1 -.(I)5 0 .65 I1 -.Il -.(I)S 0 .OIS I1 -.Il 0 I1
Quarter 5 Quarter 6 Quarter 7 Quarter 8
Baseline
Men and Women 7|
One Certificate Only
Salaried Workers T —_—e
Never Self-employed
-.(I)S 0 .OIS I1 -.(I)5 0 .OIS I1 .1I5-.(I)5 0 .OIS I1 0 .OIS I1 .1I5
(a) Basic
Quarter 1 Quarter 2 Quarter 3 Quarter 4
Baseline| ——= 71— — — —e—
Men and Women| ——°— — — —
One Certificate Only| ——=— —T —e1 —e1—
Salaried Workers S Sa— —Te— e —e—
Never Self-employed B - a— —1e—
04-02 0 02 04.04-02 0 02 04-04-02 0 02 04-05 0 05
Quarter 5 Quarter 6 Quarter 7 Quarter 8
Baseline — —re— —fe— —to—
Men and Women-| —= B — — ——
One Certificate Only | ——° 1 — —t— ——
Salaried Workers —T — —+—— —
Never Self-employed R e — e ———
05 0 0505 0 0505 0 05 105 0 05 .

(b) Intermediate
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Figure OA5 Continued. Sharp Regression Discontinuity Estimates of the Effects of Ob-
taining a Certificate on Log of Income: Alternative Samples

Quarter 1 Quarter 2 Quarter 3 Quarter 4
Baseline — _—e——
Men and Women - —— — —e— -
One Certificate Only | ——°—— —
Salaried Workers | | ——=—— _——
Never Self-employed| | — ¢ © S D
T — — T T T T T

I 1 I I
0 05 .1 .15 2-050 05 .1 .15 0 .05 .1 .15 2 .05 .1 .15 2

Quarter 5 Quarter 6 Quarter 7 Quarter 8
Baseline —— —e —_— e
Men and Women — — — —
One Certificate Only | | — = —e e —e
Salaried Workers ] —_— —_—
Never Self-employed 7| ——°—— _———
I I 1 T 1 I I I I I T I
0 1 20 1 20 05 1 .15 2 0 05 .1 .15 2

(¢) 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 4. 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, OAS8, and OA9.
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Figure OAT: Sharp Regression Discontinuity Estimates of the Effects on Log of Income
- Placebo Thresholds

Quarter 1 Quarter 2 Quarter 3 Quarter 4
Threshold 25 - - T T
Threshold 35 % —or —e e
Threshold 55 T B e - T
Threshold 65 T + - —er
Threshold 85
Threshold 95 e e T T
T T T — T T T T — T T
2.0 2 4 6-2 0 2 4 -1 0 1 2 -1 0 1 2
Quarter 5 Quarter 6 Quarter 7 Quarter 8
Threshold 25 I A — © I A e—
Threshold 35 — ——|
Threshold 55 T B - -
Threshold 65 e —e T —er —e
Threshold 85 S B a— — T
Threshold 95 N e T— T -1
T T — — T T —— T

I I I
-1 -05 0 05 1-1-05 0 05 .1 -1 0 .1 2 -1-05 0 .05 .1

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.
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