
The Effects of Mandating Training in Firms: Theory and
Evidence from the Colombian Apprenticeship Program *

Santiago Caicedo, Miguel Espinosa and Arthur Seibold

February 15, 2019

Preliminary and Incomplete (Please do not circulate)

Abstract

We study the effect of apprenticeship programs on firms and welfare, using novel administra-
tive data on the universe Colombian manufacturing firms with at least 10 workers, and a unique
reform to apprenticeship regulation. The reform simultaneously establishes apprentice quotas
that vary discontinuously in firm size and lowers apprentices’ wages. We begin by documenting
that the policy is successful in increasing the number of trained apprentices more than threefold.
However, the reform also induces significant firm size distortions driven by heterogeneous firm
responses. In sectors with high skill requirements, firms avoided hiring apprentices decreasing
their size and bunching just below the regulation thresholds. In contrast, firms in low-skilled
sectors, increase their size and bunch just above the regulation thresholds in order to be able
to hire more apprentices. As a consequence, the regulation results in most apprentices being
trained in low-skilled sectors. We develop a simple theoretical model featuring heterogeneous
training costs across sectors in order to rationalize and quantify these empirical findings. The
key insight of the model is firms that train apprentices incur in an opportunity cost of spending
time teaching and not producing. As training in high-skill sectors takes longer than in low-skill
sectors, firms in high skilled sectors will avoid apprentices while firms in low-skill sectors try to
get as many as possible. Finally, we use the model to analyze the welfare consequences of the
regulation and study counterfactual policies.
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1 Introduction

Recently, there has been renewed interest in apprenticeship programs across many countries.1 Such
programs can reduce the skill mismatch between firms and workers and improve labor market
opportunities, especially for young and non-university educated workers (Zimmermann et al. 2013).
Firms play a prominent role in these apprenticeship programs providing training and transferring
knowledge to apprentices. However, there is a long-standing theoretical literature recognizing that
firms are likely to provide suboptimal training (Becker 1964, Acemoglu and Pischke 1999, Garicano
and Rayo 2017). In response to this classic dilemma, many governments have set up apprenticeships
programs. Germany is a prime example with its dual educational system, where apprenticeships are
widespread. Around 2/3 of young German workers and 1/3 of firms are involved in these programs.
Both developed and developing countries, including Austria, Switzerland, France, U.K., Canada,
India, Pakistan, Turkey, Colombia have active apprenticeship programs.2 Despite their ubiquity,
evidence on the effect of these apprenticeship programs on firms and their welfare consequences is
scarce.

In this paper, we study the effects of apprenticeship programs on the labor and production decisions
of firms. To do so, we use a novel administrative data set on the universe Colombian manufacturing
firms with at least 10 employees, matched with rich firm-level census data between 1995 and 2009.
We exploit a unique change in apprentice regulation The change in regulation mandates firms to
hire apprentices, imposing discontinuous apprentices quotas depending on firm size. To incentivize
firms to hire these apprentices, the regulation also reduces the minimum wage for apprentices.

We begin by showing that the reform is successful in increasing training, roughly tripling the average
number of apprentices per firm. However, the policy induces firm size distortions and it has sizeable
effects on the labor and production decisions of firms. The effects are strongly heterogeneous across
firms in different sectors: Firms in sectors with high skill requirements avoid training apprentices,
while firms in low-skill sectors try to hire as many apprentices as possible. This heterogeneity
is based on four empirical results. First, we use bunching methods in order to gauge firm size
responses to the discontinuities in apprenticeship quotas. We find that firms in high-skilled sectors
reduce their size in order locate just below the regulation thresholds where they have to hire fewer
apprentices, leaving missing mass above the thresholds. Firms in low-skilled sectors, on the other
hand, bunch just above the regulation thresholds in order to increase the number of apprentices
they can hire.

Second, we show that conditional on their post-reform size, firms in high-skilled sectors tend to
hire the minimum number of apprentices required, while most firms in low-skilled sectors hire the
maximum number of apprentices possible given the regulation. Third, many firms in high-skilled
sectors do not even satisfy the minimum apprentice quota, but rather pay fees to the government
as a “buy-out” from the regulation. In contrast, this behavior is virtually inexistent among firms
in low-skilled sectors. Fourth, we find that firms in low-skilled sectors reduce the number of regular

1We follow Wolter and Ryan (2011) definition of apprenticeships as: “programs that comprise both work-based
training and formal education, in most countries at upper-secondary level, and lead to a qualification in an interme-
diate skill, not just to semiskilled labor”.

2See Outlook (1999), Novella and Pérez-Dávila (2017) and Fazio et al. (2016). For the current discussion on the
effect of apprenticeships in England see Cavaglia et al. (2017).
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workers, in particular production workers, while there is no significant effect on regular workers in
high-skilled workers.

In summary, the results imply that there seems to be a net benefit to training apprentices for firms
in low-skilled sectors, but a net cost of hiring apprentices in high-skilled sectors. We develop a
simple model featuring heterogeneous training costs to rationalize these results, quantify the effect
of the policy on welfare and analyze counterfactual policies.

Inspired by Lucas (1978), we consider an economy with heterogeneous firms characterized by their
managerial ability. Firms produce a homogenous good using labor from workers and apprentices.
Apprentices differ from workers in that they require training to produce. If a firm hires an ap-
prentice it has to use some of its workers’ time to train him. This training is heterogeneous across
sectors. The key insight of the model is that firms that train apprentices incur in the opportunity
cost of spending time teaching and not producing. Therefore, when training takes more time, the
opportunity cost is larger and hence firms may prefer to avoid apprentices. As training appren-
tices in skilled sectors take longer than in unskilled sectors, our model provides an explanation to
highlighted empirical patterns.

To rationalize our empirical observations, we model the Colombian apprentice regulation under this
theoretical framework. The regulation has three main components. First, it imposes apprentice
quotas: a minimum and upper bound of required apprentices depending on firm size. Second,
it reduces the minimum wage for apprentices. Third, it allows firms to pay fees proportional to
the number of required apprentices instead of hiring these apprentices. We show, aligned with
our empirical findings, that whenever apprentice wages are sufficiently low, unskilled sectors - that
require short training time - hire as many apprentices as possible. To do so, some of these firms
increase their size to access more apprentices, inducing bunching at the thresholds and a missing
mass of firms to the left of this regulatory cutoffs. These firms will also choose the maximum
number of apprentices possible at the upper bound of the regulation and none of choose to pay the
fee. The effects are opposite for firms in skilled sectors, where training is more time-consuming.
We show firms in these skilled sectors try to have the least number of apprentices as possible.
Those firms who have apprentices, choose the lower bound of the regulation, and to avoid having
additional apprentices some of these firms decide to reduce their size and bunch below the regulatory
thresholds. If the fee is low enough, they even prefer to pay the fee instead of having a suboptimal
amount workers and apprentices. Our theory predicts that under this policy, firms in the unskilled
sector increased their production and profits relative to firms in skilled sectors, as suggested by our
data.

Our model highlights that although this type of apprenticeship programs increase the number of
trained apprentices, it has heterogeneous effects across sectors. It is likely it will disproportionately
benefit unskilled sector firms and incentive them to hire as many apprentices as possible. This
implies most apprentices will end up being trained by unskill sector firms, a possible unintended
consequence of the policy. If a policymaker also wants to increase the training of apprentices in
the skilled sectors, it has to consider the different training costs across sectors. This probably isn’t
the only unintended consequence of the policy. We extend the model and allow firms to choose
not only the number of apprentices but also the training time dedicated to each apprentice. Firms
now choose between hiring more apprentices or giving more training to each of the apprentices
they hire. We show that the equilibrium training time increases if apprentice wages are higher.
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Intuitively if apprentice wages increase it is better to give more training to each apprentice instead
of hiring more. This reveals a different mechanism through which the apprentice policy affects the
total amount of training: lowering the minimum wage for apprentices increases the demand for
apprentices, but reduces the amount of training each of them gets. We also show that when the
wage of workers increases, the opportunity cost of teaching apprentices also rises, making optimal
for firms to provide less training. This reinforces the idea that there are heterogeneous effects of
the policy across sectors. If some sectors have higher wages, for instance, because their workers
perform complex more productive tasks, then whenever firms hire apprentices it would give them
less training.

Our model allows us to quantify these margins and the effects of the policy on welfare outcomes.
Instead of taking a side on the specific functional form we exploit the idea that most welfare
functions would try to maximize training and output, and reduce unemployment. We focus our
welfare analysis on quantifying the change of these three variables and how they vary across sectors.
At this stage, we are in the process of calibrating the model using the observed changes of the
firm size distribution (bunching and missing mass), following a methodology similar to Garicano,
Lelarge, and Van Reenen (2016). Using our rich micro data set we are able to target additional
moments, including the number of apprentices, wages of workers by sector, production, and profits of
firms. We will use the calibrated model to quantify the change in aggregate output, unemployment
and on training and can compare them to counterfactual policies, such as imposing sector-specific
regulations.

Related Literature: There is a rich theoretical literature examining training and human capital
accumulation of workers in firms. In his seminal work on human capital Becker (1964) shows that
contrary to the common wisdom of the time, firms could still provide general human capital training
to workers given these workers are willing to pay for it. Similarly in our framework, if there are no
minimum wage restrictions, wages would adjust to compensate for the training apprentices get. In
this case, firms would provide the socially optimal training. Of course imposing a binding minimum
wage prevents this from happening. Using our data we are able to quantify the welfare consequences
of relaxing the minimum wage restriction, as it was the case for the change in apprentice policy.

Firms might still provide socially inefficient training. Acemoglu and Pischke (1998, 1999) show
under imperfect information and imperfect competition firms have incentives to provide some gen-
eral training, however training might still be suboptimal. More recently Garicano and Rayo (2017)
show in a dynamic framework, that experts have the incentive to transfer knowledge inefficiently
slow to apprentices. Moreover Fudenberg and Rayo (2017) argue apprentices could end up doing
menial tasks and exerting inefficiently high effort on those tasks. This literature shows firms train-
ing might be insufficient so policies increasing training could be desirable. Our paper highlights
that well intended apprenticeship policies that increase training, could have sizeable costs in terms
of the labor decision of firms, affecting aggregate output and the composition of training. Using
our rich micro data we can quantify these effects over welfare-relevant variables.

Some part of the literature has focused on explaining quality differences in apprenticeship training.
For instance, Soskice (1994) shows that larger firms pay more and therefore can attract better
apprentices. This discussion is relevant in our context because if differences in quality training exist
between firms of skilled and unskilled sectors, these differences can explain some of our results. For
instance, the quality of training provided by skilled sectors is lower and therefore students enrolled
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in apprentice systems choose to only apply to unskilled sectors. To exclude this possibility, we build
from Göggel and Zwick (2012) who show that differences in apprenticeship quality are usually small
between firms that differ by size, sector and location.

Fersterer et al. (2008) study the effect of labour unions on the training in the German economy.
Unionized firms provide better wage contracts to their employees by providing higher wage floors,
incentive their apprentices to perform better with the promise to become one of these employees.
We provide empirical evidence that alternative channels to wage compression can also increase
training in the economy.

Most of the empirical literature on apprentices such as Krueger and Pischke (1995), Fersterer and
Winter-Ebmer (2003) and Fersterer et al. (2008) focus on estimating the returns of apprenticeship
programs concluding that the returns are similar to those of other types of schooling. We comple-
ment their results by studying the effects of apprentice programs on firms and not on workers.

Two closely related papers deserve more attention. First, Ospino (2018) is the only other paper
that evaluates the change in the Colombian apprentice regulation. He uses census data to study
the effect of this policy over the performance of firms. Using a regression discontinuity approach
Ospino shows positive effects on output per worker, total factor productivity and share of exported
sales, and negative effects on the wage bill of directly hired workers. We depart from Ospino’s paper
in three important ways. First, all the empirical facts we document are new since our paper uses
administrative data collected directly by SENA to implement the apprentice policy. Moreover the
census data on workers might be problematic for empirical exercises as it is not intended to capture
the exact definition of the number of workers applicable for the policy. Second, our analysis shows
that to understand the effects of the policy on firm’s performance it is important to consider the
heterogeneity in the responses of firms in skilled an unskilled sectors. Third, given we develop a
structural model we are able quantify the welfare consequences and analyze counterfactual policies.

Finally our paper is related to the literature that quantifies the effect of firm size distortion on
the economy. Garicano, Lelarge, and Van Reenen (2016) study how firm size policies in France
affect labor allocation and the productivity distribution. They show how employment protection
laws imposed to firms with at least 50 employees, implied sizeable welfare losses as high as 5% of
GDP. Similar to their paper we analyze a size dependant regulation and find substantial labor and
production responses of firms. However, the apprentice policy we consider, highlights a different
mechanism to that of previous studies. Apprentices in contrast to taxes and other labor regulations,
are part of the firm’s productive inputs. We show how this difference is important in the sense
not all firms change the labor decision to avoid the policy. Firms in unskilled sectors, where
training costs are lower, benefit directly from the policy increasing their size and hiring more
apprentices. This unintended consequences on the composition of trained apprentices enriches
the welfare considerations for the case of this apprenticeship programs. We also follow Garicano,
Lelarge, and Van Reenen (2016) in our calibration methodology, extending it to include other
moments from a firm-level micro data.

The rest of this document is organized as follows. In the next section, we give a brief description of
our data and introduce relevant institutional context. Then we present the empirical facts of the
behavioral response of firms after the apprentice regulation. We also present a preliminary empirical
strategy and argue there are sizeable effects of the regulation labor and production decision of firm.
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Next, we describe a simple model that rationalizes our empirical findings. Finally, we describe
a preliminary methodology to calibrate the model and conclude highlighting missing pieces and
future work.

2 Data and Institutional Context

We use a novel administrative data set collected by the Colombian National Apprenticeship Ser-
vice (SENA) for the Colombia Ministry of Labor. It covers the universe of manufacturing firms
with at least 10 workers from 1995 to 2009. There is a total of 108,385 firm-year observations,
averaging approximately 7000 firms per year. For each firm-year observation we have information
on the number of workers and apprentices and indicators for fees and fines paid by the firms. We
match this data set to survey data from the Colombian manufacturing census (EAM). This is rich
firm-level data collected by the National Department of Statistics (DANE). It includes additional
information on workers divided in three production/skill layers3, detailed production inputs, wages,
sales, output, and profits.

Apprentice Regulation

In December 2002 there was a major labor reform in Colombia that included a redefinition of the
apprenticeship contract.4 The purpose of this redefinition was to increase the apprenticeships. The
reform came into effect on June 2003. It defined two phases of apprenticeships, the teaching phase
where apprentices are trained full time in an occupation and the productive phase where they work
at the firm. Apprenticeships are of at least 6 months and have a maximum duration of 2 years.
Apprentices consist of the university, technical, vocational and secondary education students or
individuals with ‘semi-qualified’ formation. They have to be 14 years or older. SENA provides
most of the teaching phase training to apprentices, although other tertiary education institutions
can also provide this service, albeit upon SENA’s authorization. SENA is also responsible for
gathering all the information on firms and apprentices and making sure both comply with the
regulation. It provides a centralized matching system where firms hire apprentices. All firms
(expect in the construction sector) with more than 10 workers have to report the total number
of permanent workers to SENA. They verify the information comparing it to other administrative
data and inform firms of the applicable apprentice quota.5

The apprentice regulation has three important components. First, it establishes apprentices quotas
conditional on the number of permanent workers of firms. These quotas set a minimum number

3The census data divide workers into three layers. Professional workers which are workers with tertiary education
working on production. Production workers are the ones with less than tertiary education working on production
and administrative workers which do not work directly in the production processes.

4This labor reform has other major changes in the labor regulation and was motivated in part to reduce the high
levels of informality in the Colombian labor markets. None of the other policies depended on firm size. For more
information on the labor reform see Law 789 of 2002 available at http://normograma.sena.edu.co/normograma/

docs/ley_0789_2002.htm#12.
5From 2010 onwards, the information on the number of workers is compared to social security worker information

(PILA) filed by the employer. For the period we study 1995-2009, SENA verified the information using census data
and in-situ visits.
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of apprentices that firms should have: at least one apprentice for every 20 workers, with one more
for each fraction of 10 workers (divide number of workers by 20 and approximate to the nearest
integer). For firms with workers between 15 and 20, the regulation stipulates they need to have at
least one apprentice. The quota also sets an upper bound for apprentices. The maximum number
of apprentices permitted was at most twice the minimum bound.6 Firms with less than 15 workers
could have at most one apprentice. Second, to incentive firms to hire apprentices the regulation
stipulated that non-university apprentices could be paid at least 50% of minimum wage during the
teaching phase and 75% of the minimum wage during the productive phase.7 Third, firms could
pay a fee instead of hiring the minimum required apprentices. If no apprentices are hired the fee
is computed as 5% of the total number of workers multiplied to the minimum wage. A partial
monetization is also possible, and it is proportional to the number of apprentices required but not
hired. If the apprentice regulation is not satisfied by the firm, SENA imposes a fine equivalent to
two minimum wages per apprentice not hired, plus moratory interest.

3 Number of Apprentices and Firm Size Distribution

The objective of the apprentice regulation was to increase the number of apprentices trained by
firms. Figure 1 shows the policy was successful in this dimension, substantially increasing the
number of trained apprentices per firm rose from 0.18 before 2003, to around 2.5 after 2003. In
the figure, we split the firms into two groups: firms less than 15 permanent workers in 2002 and
firms with 15 employees or more in 2002. The idea is to capture the effect of the policy on firms
that were affected by minimum bound of the regulation. Although before the policy this group
demanded more apprentices, after the policy the difference between the two groups amplified.

6This upper bound was modified in 2009. Firms between 1-14 workers could have at most 50% of total workers, 15-
50 workers up to 40% of total workers, 51 to 200 workers until 30% of total workers and more than 200 workers until
20% workers (see Decree 1779 of 2009 available in http://normograma.sena.edu.co/normograma/docs/decreto_

1779_2009.htm).
7University apprentices are paid a full minimum wage in both phases. The regulation also specified that if the

unemployment rate fell below 10%, then apprentices have to be paid a full minimum wage. This only happened after
2013.
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Figure 1: Average Number of Apprentices
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Source: Data Prepared for Ministry of Labor by the National Apprenticeship Service (SENA).

However, the regulation also induced firm size distortions by setting apprentice quotas conditional
on the number of permanent workers. Figure 2 shows these distortions were sizeable and affected
the reported firm size distribution after 2002.8 Policy thresholds are represented as the vertical
dotted lines in both plots. Panel 2a shows the size distribution of permanent workers before the
policy was relatively smooth. In contrast, Panel 2b shows a rugged firm size distribution, with a
mass of firms ‘bunching’ before the regulatory thresholds. The dents of ‘missing mass’ around these
thresholds suggest some firms change their reported size as a response to the apprentice regulation.
The fact that there is missing mass both below and above the threshold indicates heterogeneous
responses of firms. The missing mass above the threshold together with the bunching right below
the threshold, points to some firms avoiding apprentices by reducing the number of workers they
hire. In contrasts, the missing mass below the thresholds, suggests some firms increased their
workers to get more apprentices.

8In Appendix A we present the distribution every two years for the period before and after the policy. These year
by year distributions have the same behavior as the polled version.
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Figure 2: Firm Size Distribution Before and After Regulation
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Source: Data Prepared for Ministry of Labor by the National Apprenticeship Service (SENA).

To understand these heterogeneous effects we first divide the manufacturing firms into nine two-
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digit sectors of the Colombian industrial classification.9 We rank industries by the fraction of
professional workers (with tertiary education) over total workers. We interpret this fraction as
a proxy for the skill requirements in each sector. Sectors with more complex technologies that
solve difficult tasks, probably have a larger fraction of professional workers. Whereas, sectors
with routine manual tasks will likely have a smaller fraction of these workers. We divide these
sectors in two: the unskilled sectors, where the fraction of professional workers is below the total
mean of professionals over total workers and the skilled sectors, where fraction of professional
workers above this mean. Using this definition, four sectors (Wood Products, Textiles, Food and
Beverage, Mineral Non-Metallic Products) are classified as unskilled and five sectors (Paper and
Editorial, Other Manufacturing, Machinery and Equipment, Metallic Products, Chemical Products)
as skilled.10 This split is relatively balanced. Unskilled industries represent 48% of the firms in
the whole sample (44% in the post-regulation period). In the next section, we show this way of
dividing the data captures large behavioral differences across firms in response to the apprentice
regulation.

4 Empirical Analysis

In this section, we document the different firm responses to the apprentice regulation. We show
firms in skilled sectors avoid training apprentices, while firms in unskilled sectors want to train as
many apprentices as possible. Some of the firms in the skilled sectors reduce their size below the
regulatory thresholds. Whenever these firms decide to have apprentices they usually choose the
lower bound of the regulation. There are some firms that even prefer to pay the fee instead of
having apprentices, making the average number of apprentices they train lay below the minimum
bound of the regulation. In contrast, firms in unskilled sectors seek apprentices. They increase
their size and bunch at regulation thresholds to access more apprentices. They train apprentices
close to the maximum bound and virtually never pay the fee.

Fact 1 : Firms in skilled sectors bunch below the thresholds, firms in unskilled sectors
bunch at the thresholds. Figure 3 shows the firm size distribution for firms in skilled sectors
(Panel 3a) and in unskilled sector (Panel 3b). From this figure, it is clear that firms in the skilled
sectors bunch below the threshold, while firms in the unskilled sector bunch at the threshold. More
formally we follow Saez (2010) to compute the bunching estimates. For each firm size distribution,
we fit a 7th-degree polynomial excluding the bunching region to construct a smooth counterfactual
distribution (solid line in plots). We then compute the excess mass b = B/ho(n̂) as the count of
firms B at the bunching point n̂ over the counterfactual count ho(n̂) at that point. This excess mass
indicates the marginal bunching firm in the skilled sectors had around 2 more workers, b ≈ ∆n ≈ 2.
These estimates a relatively stable across thresholds (Panel 3a). In contrast, for unskilled sectors,
the marginal bunching firm has between 0.56 and 1.79 fewer workers depending on the threshold
(Panel 3b). Similarly, we can compute the missing mass as the ‘hole’ in the observed distribution

9We use DANE’s industrial classification, CIIU 3 A.C, which is adapted from the International Standard Industrial
Classification (ISIC) the industry classification system of the United Nations. This classification is closely related to
the US Standard Industry Classification.

10In Appendix B we plot the fraction of professional workers for each of the ranked sectors and show this way of
spilting the data captures a natural break-point between sectors.
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relative to the counterfactual, m =M/ho(n̂). We compute this missing mass for a size bin of three
workers. Note the missing mass has similar value to the bunching estimate suggesting those where
the firms that bunched. Both the excess mass and the missing mass are statistically significant.
Standard errors are presented in the plots in parenthesis and are computed by bootstrapping the
firm size distribution 500 times.

Fact 2: Firms in skilled sectors choose the lower bound of the regulation, firms in
unskilled sectors choose the upper bound. Figure 4 shows the lower and upper bounds
of the apprentices regulation, as well as the average number of apprentices by firm size for both
skilled and unskilled sectors. Firms in skilled sectors have an average number of apprentices below
the regulation lower bound (Panel 4a). This implies that some of these firms are either paying the
fee or not complying with the regulation. Fact 3 below shows a large fraction of firms in skilled
sectors prefers to pay the fee instead of hiring the required apprentices. Of the firms in the skilled
sector that hire apprentices, 86% choose the lower bound. In contrast, firms in the unskill sectors
often choose the upper bound. Panel 4b shows the average number of apprentices is close to this
upper bound. This means most of the apprentices are trained by firms in the unskilled sectors.
Even though 56% of the observations after the reform are from firms in the skilled sector, 77% of
the apprentices are trained in unskilled sector firms.

Fact 3: The majority of firms in the skilled sectors pay the fee, almost none in the
unskilled sectors. Figure 5 shows the policy compliance of firms in the skilled sectors and in
the unskilled sectors. In the skilled sectors around 60% of firms comply by paying the fee instead
of having the required apprentices (Panel 5a). In contrast, unskilled sector firms rarely pay the fee
(Panel 5b). Not a lot of firms end up paying fines, although it is relatively more frequent for skilled
sector firms.

Together these three facts show firms has strong heterogeneous responses to the policy. These
responses were opposite for firms in skilled and unskilled sectors. Firms in the skilled sectors tried
to avoid training apprentices, while firms in unskilled sectors wanted more apprentices. Though
the policy was successful in increasing the number of trained apprentices, it did so at the expense
of inducing labor distortions. Moreover, most of the apprentices were trained by unskilled sector
firms, something that isn’t necessarily desirable or intended by the policy.

To study the consequences of these distortions on other firms outcomes, we run empirical specifi-
cations looking at the effects of the policy on firm output and profits.

Fact 4: Effect on labor composition, productivity and profits (in progress)

i. Dif-in-dif strategy

To study the effects of the policy on further outcomes, we employ the following difference-in-
difference specification:

Yit = β0 + β1treati + β2postt + β3treatipostt +X ′
itγ + εit (1)

where treati is an indicator for the treatment group, postt is an indicator for the post-reform years
from 2003 onwards, Xit is a vector of controls and εit is an error term.
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Figure 3: Fact 1 - Bunching of Firms in Skilled and Unskilled Sectors
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Source: Data Prepared for Ministry of Labor by the National Apprenticeship Service (SENA).

Treatment is defined based on the firm’s size in 2002, the last pre-reform year. Firms with 15 or
more workers in 2002 are subject to the minimum apprentice quota and serve as the treatment
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Figure 4: Fact 2- Apprentices and Number of Workers
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Source: Data Prepared for Ministry of Labor by the National Apprenticeship Service (SENA).

group, while firms with less than 15 workers serve as the control group. The key advantage of
assigning treatment based on pre-reform size is that the pre-reform firm size distribution is not
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Figure 5: Fact 3- Policy Compliance
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(b) Unskilled Sectors

Source: Data Prepared for Ministry of Labor by the National Apprenticeship Service (SENA).

subject to manipulation, i.e. assignment to treatment is exogenous. In addition, the treatment
group is limited to firms with 15 to 29 workers in order to keep the two groups as similar as
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possible.

Panels 6a and 6b show the “first stage” of this specification. Firms in the treatment group ex-
perience a significant increase in the number of apprentices by around 0.6 after the reform, while
pre-trends are flat. At the same time, firms treated by the minimum quota are about 20% more
likely to pay fees to the government after the regulation. Panel 6c of figure 6 shows the effect of on
one outcome, namely the total number of workers in the firm (excluding apprentices). Treated firms
seem to reduce the number of regular of workers in response to hiring more apprentices. Panels 6d
and 6e show that this effect is driven by a reduction in the number of production workers, while the
number of professionals increases slightly if anything. We are currently working on adding further
outcomes to this analysis, in particular regarding the effects on productivity and profits.

ii. Triple-dif strategy

The dif-in-dif strategy may be useful in gauging the overall effect of the policy, but it has two
drawbacks. First, it relies on comparing firms of different size who may not necessarily exhibit
parallel trends in key outcomes. For instance, smaller firms may be growing faster than larger
firms. Second, the basic dif-in-dif strategy does not speak to the differential effects of the regulation
on firms in skilled vs. unskilled sectors. To overcome these two weaknesses, we run the following
triple-dif specification:

Yit = β0 + β1treati + β2postt + β3skilli + β4treatipostt + β5skillipostt + β6skillitreati
+ β7skillitreatipostt +X ′

itγ + εit (2)

where the additional variable skilli is an indicator for firm i being in a skilled sector. The coefficient
of interest is now β7, capturing the differential effect of the regulation on treated firms in skilled
sectors. Note that this specification allows both for differential trends across firms of different size
(treatment vs. control) and for differential trends across sectors (skilled vs. unskilled).

Panels 7a and 7b show the “first stage” of this specification. Treated firms in all sectors take in more
apprentices as a result of the reform, but the magnitude of the effect is much larger in unskilled
sectors. Conversely, there is a large fraction of treated firms paying fees to the government in skilled
sectors, whereas even treated firms in unskilled sectors virtually never pay fees. Panel 7c focuses
on the effect on the number of regular workers in the firm. There is no significant effect in skilled
sectors, but firms in unskilled sectors reduce the number of regular workers. Panels 7d and 7e show
that the effect is almost entirely driven by a reduction in the number of production workers. We are
currently working on adding further outcomes to this analysis, in particular regarding the effects
on productivity and profits.
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Figure 6: Fact 4- Difference-in-difference estimation
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Figure 7: Fact 4- Triple-difference estimation
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5 Model

In this section, we present the baseline model that captures our empirical predictions and will
allow us to quantify the effect of the policy on welfare. Later we will use the model to study
counterfactual policies and compare the effect of welfare-relevant variables. This first model is
static. For exposition purposes, we describe production in one sector, the extension to multiple
sectors is immediate and it is covered below.

5.1 Without Regulation

Suppose an economy with heterogeneous firms characterized by a managerial ability z ∼ Φ(z),
with a continuous density φ(z) (similar to Lucas 1978). This managerial ability is an idiosyncratic
characteristic of the firm that can also be interpreted as technological differences or other factors
that affect a firm’s productivity. Firms in each sector produce a homogenous final good y(z) using
labor.11 Labor is supplied either by trained workers l or by apprentices la. Suppose both types
of individuals have a unit of time which they supply inelastically. Production combines firm’s
managerial ability z, with the total labor supplied by both type of workers, f(l, la; z). More labor
from workers or apprentices, or higher managerial ability produce more output, fl, fla , fz > 0.12

Apprentices are trained using workers’ time. Let ta ∈ [0,1] denote the units of time a worker spends
training apprentices. Once trained, an apprentice supplies g(ta) units of labor. The function
g ∶ [0,1] → [0,1] denotes the training technology and can be interpreted as how difficult it is
to teach/learn a particular task. First we assume ta is exogenous and set g(ta) ∶= 1. Later we
endogenize the firm’s training decision. In this first case, larger exogenous ta means it takes
more time to fully train an apprentice. Note that depending on the way the production function
combines both types of labor, the labor inputs from workers and apprentices can be complements
or substitutes in production. Apprentices could be trained in tasks that substitute workers’ labor
or tasks that complement it.

Firms choose the number of workers and apprentices to maximize their profits. If a firm hires n
workers and train na apprentices, the total labor supplied by the workers is l ∶= n − tana and by
the apprentices la ∶= g(ta)na. Firms interact in a competitive market, taking the wage of workers
w and of apprentices wa as given. We normalize the price of the final good to 1.

A firm with managerial ability z solves,

max
n,na≥0

f(n − tana, g(ta)na; z) −wn −wana s.t tana ≤ n. (3)

The constraint implies the number of workers has to be large enough to train the total number of
apprentices.

11The model could be readily extended to have capital or other production inputs. Here we suppose labor is the
only input to simplify the model and emphasize the role of apprentices.

12We use the notation fx to denote ∂f
∂x

.
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We can substitute l and la to write an equivalent (perhaps more familiar) optimization problem,

max
l,la≥0

f(l, la; z) −wl −
wa + taw
g(ta)

la.

We make some simplifying assumptions on f to further characterize the optimal number of workers
and apprentices, guaranteing their existence and uniqueness.

Assumption 1. (Production Function) Suppose f ∶ R3+ → R+ is twice continuously differentiable
and

(i) homogenous of degree γ ∈ (0,1) in (l, la).

(ii) the Inada conditions hold, lim
x→0

fx = ∞ and lim
x→∞ fx = 0 for x ∈ {l, la}.

(iii) has non-negative cross derivatives with respect to z, i.e. fl,z ≥ 0 and fla,z ≥ 0.

Condition (i) and (ii) imply the existence of a unique interior solution. Condition (iii) that the
optimal number of workers n∗(z) and apprentices n∗a(z) are non-decreasing in z. This means firms
with higher managerial ability are larger. We formalize these claims in Lemma 1.

Lemma 1. Assumptions 1 imply there are unique labor demands n∗(z), n∗a(z) > 0, with tan
∗
a < n∗

solving the firm z’s optimization problem (3). Moreover, these labor demands are non-decreasing

in the firm’s managerial ability,
∂n∗(z)
∂z ≥ 0 and

∂n∗a(z)
∂z ≥ 0.

We can further characterize the solution looking at the FOCs of (3),

[n] ∶ ∂f
∂l

= w , [na] ∶
∂f

∂la
g(ta) = wa + taw.

Intuitively the marginal cost of an apprentice is not only its wage wa but also ta units of time
of a worker that earns wage w. The firm optimizes where the marginal product of an additional
apprentice is equal to this marginal cost, wa+taw. In equilibrium, the marginal rate of substitution
between the two types of labor is equal to the ratio of marginal labor costs,

− fl
flag(ta)

= − w

wa + taw
.

We can use this equation to think how changing wages or the required training time affect the
optimal decision. As usual, an increase in the relative wages of apprentices decreases their demand.
In the case where ta is exogenous and g(ta) ≡ 1, an increase in training time decreases the demand
for apprentices.

Lemma 2. Suppose Assumption 1 holds and the training time is exogenous (with g(ta) ≡ 1), then
na
n is decreasing in wa and ta, and increasing in w.
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5.1.1 Competitive Equilibrium

We suppose a simple supply side to this economy. There is a fixed mass of workers L and of
apprentices La. Workers are able to do the work of apprentices but not the other way around. This
implies that in equilibrium the apprentice wages has to be smaller or equal to the one that workers
get, w ≥ wa. We consider a minimum wage that could be binding. So together both constraints
imply, w ≥ wa ≥ wmin ≥ 0. 13

Let N ∶= ∫ n∗(z)φ(z)dz denote the aggregate demand for workers and Na ∶= ∫ n∗a(z)φ(z)dz the
aggregate demand for apprentices. The market clearing conditions are,

N +U = L , Na +Ua = La, (4)

where U,Ua ≥ 0 denote the ‘unemployed’ workers or apprentices.

Definition 1. A competitive equilibrium is given by wages (w∗,w∗
a), unemployed workers and

apprentices (U∗, U∗
a ) and labor demands (n∗(z), n∗a(z)) for each firm z, such that,

(i) firms solve the optimization problem (3),

(ii) wage restrictions are satisfied, w∗ ≥ w∗
a ≥ wmin and

(iii) labor markets clear (4) .

Notice there is only unemployment when the wage restrictions are binding. If there are some
unemployed workers U∗ > 0, then w∗ = w∗

a . Similarly if there are some unemployed apprentices U∗
a >

0 then w∗
a = wmin. The case where these restrictions are binding changes the welfare consequences

of the labor policy and the model predictions. We spell out this in the sections below.

5.2 Regulation

In this section, we describe the firm-size policy within the described framework. This policy in-
tended to increase the number of apprentices trained in two ways. First, it reduced the effective
lower bound firms pay for an apprentices to wa ≥ wamin, where wamin is lower than the minimum
wage wmin.14 Second, it imposed apprentice quotas based on the firm-size (number of workers). If
the number of workers is n ∈ [Nj−1,Nj) then the number of apprentices has to be na ∈ [nja, n

j
a] =∶ Aj ,

∀j. Alternatively, firms can pay a fee fa(n,na) instead of having the required apprentices. This fee
is a function of the total number of workers n and apprentices the firm chooses. It is proportional to
the difference between the minimum number of required apprentices nja and the apprentices hired
na.

13The informal labor markets might absorb some of the workers displaced by the minimum wage regulations. In
particular, in Colombia the informal labor market is large. This will be relevant for the welfare calculations when
thinking about the outside options of workers when the minimum wage is binding. In our empirical analysis, we only
observed the formal sector, formal firms that report formal workers.

14For the period we consider, most apprentices get paid 50% of the minimum wage in the learning phase and 75%
in the productive phase.
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Firm z’s optimization problem when facing this regulation is,

max
n,na≥0, dfa∈{0,1}

f(n − tana, g(ta)na; z) −wn −wana − dfafa(n,na) s.t tana ≤ n

if n ∈ [Nj−1,Nj) and dfa = 0, then na ∈ [nja, n
j
a] ∀j,

if n ∈ [Nj−1,Nj) and dfa = 1, then fa(n,na) = ψan
(nja − na)+

nja
, na ≤ nja, ∀j.

(5)

where dfa ∈ {0,1} is the decision of paying the fee or not and ψa is a positive constant. When a
firm decides to pay the fee, it can hire fewer apprentices than the minimum required nja and pay
an amount proportional to the number of workers hired multiplied to the percentage difference

between the quota’s lower bound and the apprentices hired, fa(n,na) = ψan
(nja−na)+

nja
. As in the

actual regulation paying the fee doesn’t allow the firm to exceed the upper bound of the apprentice
quota, na ≤ nja. This fee function only takes the positive difference between the lower bound of
the regulation and the number of apprentices hired. We assume that there is no fee for firms that
choose apprentices above the lower bound. In that case we suppose that firms choose dfa = 0.

Let us focus on the case where the optimal number of apprentices is a fix proportion of the labor
force, n∗a = Bn∗ with B ∈ R+.15 We show that if relative wages of apprentices are low enough wa

w → 0
and the training time is low ta → 0, firms want to get apprentices. In this case, the optimal number
of apprentices is above the regulation’s upper bound for firms larger than N1. Firms bunch at the
thresholds Nj ’s, with missing mass to the left and never pay the fee. In contrast when wa

w → ∞,
the optimal number of apprentices converges to zero and lay below the regulation’s lower bound
for firms larger than N1. This implies some firms to the right of the thresholds Nj ’s reduce their
size and bunch just below the thresholds to avoid having extra apprentices. Additionally, if the fee
is low enough (ψa small), then some firms prefer to pay the fee instead of having the additionally
required apprentices. Proposition 1 compiles these results.

Proposition 1. Suppose Assumptions 1 holds and firms solve the maximization problem with
regulation (5). Then,

Case 1: there exist (waw , ta) such that for wa
w ≤ wa

w and ta ≤ ta,

i. the number of apprentices without regulation is n∗a = Bun∗ and lays above the regulation’s
upper bound, n∗a(n) > n

j
a.

ii. there exist cutoffs {zjb , z
j
r}j such that firms z ∈ [zjb , z

j
r], increase their size to the threshold

Nj+1, so there is missing mass to the left of the thresholds.

iii. firms choose the upper-bound of the regulation nra = n
j
a.

iv. firms never pay the fee.

Case 2: there exist wa
w such that for wa

w ≥ wa
w ,

15Note that the homogeneity of degree γ allows for this case. For the linear relationship between apprentices and
workers, we additionally need that fl/fla is homogenous of degree zero in z.

21



i. the number of apprentices without regulation is n∗a = Bsn∗ and lays below the regulation’s
lower bound, n∗a(n) < nja.

ii. there exist cutoffs {zjb , z
j
r}j such that firms z ∈ [zjb , z

j
r], reduce their size ε below the

threshold Nj.

iii. firms that choose to increase apprentices, choose the lower bounds nja.

iv. there exist ψa > 0 such that for ψa ≤ ψa, there is an additional cutoffs zjf such that firms

z ∈ (zjr , zjf ] choose to pay the fee.

Figure 8: Apprentices After Regulation
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Figure 8 illustrates the two cases in Proposition 1. Panel 8a depicts Case 1, where both wa
w and ta

are small. Firms want to have apprentices as they are relatively cheap in terms of wages and training
time. In this case, the optimal number of apprentices without regulation lays above the regulation’s
upper bound. This implies that some firms increase their size and bunch at the thresholds, leaving
a missing mass of firms to the left of them. All of these firms choose the upper bound of the
regulation. Panel 8b depicts Case 2, where wa

w is large. In this case, workers are more attractive
than apprentices to firms. The optimal number proportion of apprentices lays below the lower
bound of the regulation. Firms bunch just below the threshold to avoid having extra apprentices
from the policy. There is a missing mass of firms to the right of the thresholds. If the fee is relatively
small, some firms prefer to pay the fee and choose the optimal number of apprentices and workers.
Firms that comply the policy with the apprentice quota choose the lower bound of the regulation.
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Figure 9: Firm Size Distribution
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Figure 9 shows the implications of the policy on the firm size distribution for the two cases in
Proposition 1. Panel 9a depicts the case where firms increase their size to get more apprentices.
They bunch at each of the thresholds {Nj}j and there is a missing mass of firms between [njb,Nj+1).
Panel 9b illustrates Case 2, where firms either reduce their size or pay the fee to avoid having more
apprentices. Firms bunch below each threshold, leaving a missing mass of firms of size between
[Nj , n

j
b). If the fee is low enough, firms of size [njb, n

j
f ] prefer to pay the fee instead of having the

required apprentices.

5.3 Effects of the Regulation

Proposition 1 gives us a framework to understand our first three empirical findings. The relaxation
of the apprentices minimum wage, allowed firms in unskilled sectors to find it profitable to hire
as many apprentices as possible. This implies some firms in the unskilled sector bunch at the
thresholds to get more apprentices, choose the upper bound of the regulation and never pay the
fee. On the other hand, even though apprentice wages went down, it wasn’t enough for skilled
sector firms to demand more apprentices than the lower bound of the regulation. These firms
would, therefore, avoid having additional apprentices. Some of them choose to decrease their size
and bunch just below the thresholds. Others prefer to pay the fee instead of having the required
apprentices.

However, this proposition doesn’t tell us about the effect of the regulation on firms’ output and
profits. To understand these effects is useful to distinguish the three components of the regulation:
i) the change in the apprentice minimum wage wamin, ii) the apprentice quotas based on firm size
and iii) the possibility of paying a fee. Each of these has a different effect on output and profits,
implications we can later test and use empirically.
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Apprentice Wages

If before the regulation the apprentice minimum wage is binding, w∗
a < wamin, then a decrease in

wamin increases output and profits. This follows immediately from the firm’s maximization problem
(3). Let π∗(z) denote the firm z’s profits and y∗(z) its output from the solution of the optimization
problem without regulation. Firms profits π∗(z) and output y∗(z), are decreasing in wages wa and
w. This implies that a decrease in the binding minimum wage wamin increases profits and output for
all firms. Clearly, this is a Pareto improvement. Allowing firms to pay lower wages to apprentices
improves efficiency.

Apprentice Quotas

Introducing apprentice quotas always decrease total profits and output. If firms want more appren-
tices than the quota, then the binding regulation will limit their output and lower their profits. If
firms want fewer apprentices than the minimum bound required by the regulation, some would hire
fewer workers to avoid the regulation reducing output. Firms’ profits decrease both for these firms
and the ones that decide to hire the apprentices.

Apprentice Fee

The regulation also allows firms to pay a fee instead of having the required apprentices. Firms that
decide to pay the fee have the same output as in the case without regulation, but lower profits.
This is the case since once they pay the fee they optimally choose the same number of workers and
apprentices as they would without the regulation.

Using our structural model we can quantify the net effect of each of these margins on the total
change in output and profits observed for each sector. Moreover, making use of the calibrated
model we plan to study the net welfare implications in the economy.

5.4 Endogenous Training

Firms might endogenously choose how much to train apprentices. Function g(⋅) represents in this
case how difficult it is to train an apprentice. Suppose more training time invested in apprentices
makes them more productive g′(ta) > 0, but there are decreasing return to training g′′(ta) < 0. To
solve for endogenous training, we add to firm z’s original optimization problem (3), the choice of
ta ∈ [0,1].

The FOC with respect to ta implies,

flna = g′(ta)flana,

so the marginal cost of training an apprentice is equalized to the marginal improvement in the
apprentice abilities.
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If n∗a ≠ 0 and using the FOCs of (3),

g′(ta)
g(ta)

= w

wa + taw
. (6)

Additionally suppose, lim
ta→0

g′(ta) = ∞ and lim
ta→1

g′(ta) = 0. The first condition states that supplying

a small amount of training significantly improves apprentices productivity. The second that once
workers allocate most of their unit of time to training apprentices, more training won’t increase
productivity too much. These two conditions together with the concavity of g, guarantee a unique
interior solution t∗a ∈ (0,1) that solves the firms training decision.

Note that this training decision doesn’t depend on the firm’s managerial ability z. This means
training per apprentice won’t change for firms of different size or with different number of appren-
tices. Optimal training is only affected by changes in the training technology g(⋅) or wages. In
particular, an increase in the apprentice wage wa increases the optimal amount of training. In-
tuitively, hiring more apprentices becomes more costly so firms choose to train more each of the
apprentices they hire. Conversely, an increase in workers wages w decreases the amount of training
each apprentice gets. As the opportunity cost of training is the worker’s wage, this opportunity
cost increases as the wage of workers rise. Lemma 3 summarizes these results.

Lemma 3. Suppose g′(ta) > 0, g′′(ta) < 0, lim
ta→0

g′(ta) = ∞ and lim
ta→1

g′(ta) = 0. Then there exist a

unique t∗a ∈ (0,1) that solves (6). Moreover,
∂t∗a
∂wa

> 0 and
∂t∗a
∂wa

< 0.

5.5 Multiple Sectors

The same analysis applies when we extend the model to K sectors. Suppose managerial ability
is sector specific zk and has an exogenous distribution Φk with continuous density φk. Firms
of different sectors differ in their production fk(⋅) and training technologies gk(⋅). For the case
where the training is exogenous, we assume that the required training time tka to fully train an
apprentice gk ≡ 1 varies across sectors. A sector whose technology requires simple menial tasks
probably requires less of the workers time to train apprentices. On the contrary, a sector with
highly specialized tasks requires more training.

A firm zk in sector k solves the same problem as in (3),

max
nk,na,k≥0

fk(nk − tkana,k, gk(tka)na,k; zk) −wnk −wana,k s.t tkana,k ≤ nk.

Let n∗k(zk) and n∗a,k(zk) denote the optimal labor demand for workers and apprentices in sector k.
If Assumptions 1 hold in every sector, Lemmas 1 and 2 follow.

The main difference when solving for the competitive equilibrium with multiple sectors is the market
clearing conditions. We consider two possibilities, either there is a common pool of workers who
can work in either sector or separate labor markets for workers in each sector. We study both of
these cases below. For apprentices, we suppose there is a fixed mass of La apprentices that can be
trained in any sector.
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First, let us suppose there is a mass L of workers that can work in any sector. This implies in
equilibrium both sectors will pay the same wage rate w to workers. Let Nk ∶= ∫ n∗k(zk)φk(zk)dzk
denote the aggregate demand for workers in sector k and Na,k ∶= ∫ na,k(zk)φk(zk)dzk the aggregate
demand for apprentices in sector k. The market clearing conditions in the common worker case
are,

∑Nk +U = L , ∑Na,k +Ua = La.

In this case a competitive equilibrium is still defined as wages (w∗
a ,w

∗), unemployed workers and
apprentices (U∗, U∗

a ) and labor demands for each sector k, that satisfy Definition 1 in each sector.

In the second case, we suppose that the labor markets in each sector are perfectly segmented and
there is a fixed supply of workers Lk in each sector. In this case, there is a separate market clearing
condition and equilibrium wage rate w∗

k for each sector k,

Nk +Uk = Lk , ∑Na,k +Ua = La.

In a competitive equilibrium there are now and equilibrium wage in each sector {w∗
k}k and unem-

ployment of workers in each sector {U∗
k }k.

The same analysis of the regulation applies separately to each sector. Depending on the equilibrium
wages (w∗

a ,{w∗
k}k) and the training technologies tka, different cases of Proposition 1 apply.

5.6 Welfare

We study the welfare consequences of the policy by considering its effect over total output, the
number of trained apprentices and the number of unemployed workers. A benevolent social planner
weights these three variables through some social welfare function. Here we don’t attempt to spell
out this welfare function, but rather quantify what happens to each of its ‘inputs’ when with
the apprentice regulation.16 Notice that when we consider multiple sectors there are additional
composition effects that could also be important for the social planner. For instance, it might not
be socially optimal to train all apprentices in unskilled sectors. Therefore we also consider the
composition consequences of the regulation.

Formally a regulation R consists of a set thresholds Nj ’s, a set of lower and upper bounds nja, n
j
a,

and a fee function fa ∶ R2+ → R+, R ∶= {{Nj , n
j
a, n

j
a}j , fa}. Let yrk(z) denote the output a firm in

sector k with managerial ability z produces when solving (5). Aggregate output is the sum of the
output of all firms across every sector,

Y = ∑
k
∫ yk(z)φk(z)dz.

16We can think of a dynamic model that explicitly models the effects of training workers over the future labor force
as well as other positive effects of training. At this point, we abstract from these considerations in particular because
we would need additional data on training and its effects on workers to discipline these margins in the quantitative
exercises considered below.
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We simply compute the change in aggregate output as the difference between aggregate output
with regulation and without regulation, ∆Y = Y r − Y ∗.

Similarly, we compute the change in unemployed workers as ∆U = U r − U∗ and unemployed ap-
prentices as ∆Ua = U ra − U∗

a . We also calculate and report the change in trained apprentices by
sector, ∆Na,k = N r

a,k −N
∗
a,k.

Once we calibrate the model, we are able to compute the changes in these variables and decompose
the effect of each of the elements of the regulation. Moreover, we can use the calibrated model to
compare the implications of counterfactual models.

6 Quantitative Exercises (In Progress)

In this quantitative section, we plan to calibrate the model and use it to quantify the effect of the
policy on the welfare variables of interest as well as analyze policy counterfactuals. We are still
working on the calibration and the quantitative results of the model. Here we briefly describe the
model’s parametrization and our calibration strategy.

For our quantitative exercises, we parameterize the production function as a CES function. In
particular, suppose,

f(l, la; z) = [η(z)lρ + ηa(z)lρa]
γ
ρ ,

where γ ∈ (0,1) and 1
1−ρ is the elasticity of substitution between the two labor inputs.17 The

functions η(z) and ηa(z) allow some flexibility on how the managerial ability affects each type of
labor. To have a linear relationship between the optimal number of apprentices and the number of
workers, we assume the ratio of ηa(z)/η(z) doesn’t depend on z.

The FOC for the CES case (with g(ta) = 1) imply,

la
l
∶= na
n − tana

= (ηa(z)
η(z)

w

(wta +wa)
)

1
1−ρ

=∶ A ∈ R+.

So the ratio of apprentices to workers is,

na
n

= A

1 +Ata
=∶ B.

This ratio na
n is decreasing in ta and wa

w as Lemma 2 predicts.

We can explicitly solve for the labor demand functions,

n∗a(z) =
⎡⎢⎢⎢⎢⎣

γ [η(z)A−ρ + ηa(z)]
γ−ρ
ρ η(z)A1−ρ

w

⎤⎥⎥⎥⎥⎦

1
1−γ

, n∗(z) = n
∗
a(z)
B

.

17If ρ = 1, then both type of are perfect substitutes, if ρ → 0 the total labor input is Cobb-Douglas and if ρ → −∞

labor inputs are perfect complements.
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From Lemma 1 we know
∂n∗a(z)
∂z ≥ 0 and

∂n∗(z)
∂z ≥ 0. Suppose these conditions hold with strict

inequality such that we can invert the optimal number of apprentices and workers. Let n−1a (na)
and n−1(n) denote these inverse functions. Then the firm size distribution is, χ(n) = Φ (n−1(n)).

Using the market clearing conditions (4) and the wage restriction, to can find the equilibrium wages
(w∗,w∗

a) and unemployment (U∗, U∗
a ). For the multi-sector case, we use the more general market

clearing conditions.

Calibration

To obtain the parameters of the model, we can match the firm size distribution following a method
similar to Garicano, Lelarge, and Van Reenen (2016). First, we numerically compute the firm size
distribution χk(n) for the CES case in each sector, with and without regulation. The theoretical
model implies there are holes in the firm size distribution after the regulation. However, the
empirical firm size distribution has notches of missing mass, but not the complete absence of firms.
One way to smooth out the predictions of the model is following Garicano, Lelarge and Van Reenen
by adding some noise to the observed size. Then we can derive a smoothed distribution to compare
it to the data.

Additionally, we plan to use other relevant moments from our micro-data. We can match the total
number of apprentices and workers by sector, before and after the policy, as well as total output,
profits, and wages by sector. In the data, we observe that for every firm size there are some firms
that choose to pay the fee and have zero apprentices. We can model this underlying heterogeneity
to match the fraction of firms that choose to pay the fee instead of having the apprentices. All of
these ideas are work in progress.

7 Final Comments

In this paper, we study the effect of apprenticeships programs on firms’ outcomes. We use rich
administrative data on Colombian manufacturing firms to study a policy change that shows a strong
firm responses. We show these responses varied across sectors with different skill requirements.
Firms in sectors with higher skill requirements avoided training apprentices. Firms in sectors with
low skill requirements benefited from the policy and tried to get as many apprentices as possible. We
develop a simple model to rationalize these empirical findings and quantify the welfare consequences
of the policy. We are currently working on the calibration of the model to complete our quantitative
exercises.
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Appendix

A Firm Size Distribution by Year

Figure A.1 shows the firm size distribution is smooth for pre-reform years (1996,1998,2000 and
2002). Although the plots are more coarse given there are less observations, there aren’t any visible
bunching patterns around the thresholds. In contrast, if we look at the post reform years (Figure
A.2 ) we see evidence of bunching below and at the threshold. This behavior is similar across years.

Figure A.1: Firm Size Distribution Pre-Reform
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Figure A.2: Firm Size Distribution Post-Reform
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B Skilled and Unskilled Sectors

Figure B.1 shows the fraction of professionals for the ranked manufacturing sectors. The dotted
line represents the average fraction of professionals over total workers for all sectors. We defined the
sectors below this mean unskilled sectors and sectors above, skilled sectors. Using this definition
the order ranking of sectors is: four unskilled sectors (Wood Products, Textiles, Food and Beverage,
Mineral Non-Metallic Products) and five skilled sectors (Paper and Editorial, Other Manufacturing,
Machinery and Equipment, Metallic Products, Chemical Products).
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Figure B.1: Fraction of Professional Workers by Sector
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Source: Data Prepared for Ministry of Labor by National Apprenticeship Service (SENA).
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