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Introduction 

The first chapter of this dissertation is titled “Size-dependent distortions on direct 
labor: How the Colombian apprenticeship contract induced labor substitution and 
outsourcing.” In it I study the effects of substitution between direct and outsourced 
labor on firms’ total labor demand as a response to a tax on direct labor use which 
only applies to firms above a given size, a size-dependent distortion. To guide the 
empirical evaluation of the Colombian apprenticeship contract, I build a model that 
provides insights about the effects of size-dependent distortions on the increased 
use of outsourced labor observed in developing countries. Using the model’s 
predictions, Colombian manufacturing plant-level data and an exogenous change in 
the apprenticeship contract regulation in 2002 which implicitly taxed direct labor for 
firms hiring at least 15 workers, I evaluate the effects of this regulation on labor 
demand. Intent to treat difference-in-difference estimators suggest that firms 
affected by the change contracted direct and total labor between 12 and 14 log 
points, compared to firms not subject to the regulation, and increased the ratio of 
outsourced to direct labor by 6.6 percentage points. 
 
The second chapter is titled “The effects of being subject to the Colombian 
apprenticeship contract on manufacturing firm performance.” Where I evaluate the 
intent to treat local average treatment effects of the Colombian apprenticeship 
contract on manufacturing firm dynamics taking advantage of an exogenous 
variation generated by the reform it went through in 2002 and the regulation design. 
This evaluation is appealing because very little is known about the effects of 
apprenticeship policies on firm dynamics in developing countries. Moreover, this 
regulation has been in place for more than a decade but has not been evaluated. 
Results using a regression discontinuity design (RDD) which compares small firms 
subject to the regulation and those that are not, shows positive effects on output per 
worker (10 log points) and total factor productivity (20 log points). It also shows a 
negative effect on the average wage bill of directly hired workers (9 log points). 
These results suggest that small firms which became subject to the regulation 
adjusted their labor force more efficiently, thus increasing productivity but did not 
share these gains with their workers through higher wages. 
 
The final chapter is titled “Restrictions on apprenticeship contracts use.” In this 
chapter I build a stochastic matching model of the labor market to study the effects 
of restrictions on the use of apprenticeship contracts in job creation, wages and 
unemployment. The purpose is to have an analytical framework to assess the costs 
and benefits of restricting the use of flexible forms of contracting where 
apprenticeship contracts are one type. I extend Pissarides' (2000) stochastic 
matching model to give matches not productive enough to sign an open ended 
contract the option of producing under an apprenticeship contract which lasts for one 
period and can increase the match's productivity with uncertainty. I then modify this 
benchmark model to accommodate an alternative policy that allows the use of 



apprenticeship contracts for any match regardless of their productivity. The policy 
analysis provides theoretical arguments about the conditions that apprenticeship 
costs play if governments were to relax the use of apprenticeship contracts to hire 
more productive workers and giving firms more freedom to use these contracts for 
new matches. 
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1. Introduction 

Total factor productivity (TFP) is the main factor explaining the large differences in income 

per capita between countries (Restuccia 2013). There is a growing literature on how the size 

distribution of firms and the allocation of factors of production affect TFP (See Hopenhayn 

H. A., 2014; Restuccia & Rogerson, 2013). In this literature the size of a firm is commonly 

measured by total labor demand. A group of authors have studied how specific regulations, 

including size-dependent policies and other correlated distortions, affect the allocation of 

factors of production and the firm size distribution. Correlated distortions are policies that 

change the relative prices of factors faced by firms which differ in their productivity 

(Restuccia & Rogerson, 2008). Guner, Ventura & Xu (2008) coined the term size-dependent 

policies5 which are distortions that affect factor demands of firms at the threshold of the 

employment distribution where the policy kicks in. They show that these policies are widely 

used around the world and affect total output and total factor productivity.  

In this paper I study the labor demand problem of firms facing a size-dependent tax on the 

use of direct labor to analyze the role of labor substitution in explaining changes in labor 

demand, labor composition and the distribution of total employment around the threshold of 

compliance with the apprenticeship contract regulation.  This tax was introduced in 2002 in 

Colombia through a major reform to the apprenticeship contract regulation. Prior to the 

reform, the apprentice quota was determined based on the number of nonproduction workers 

at the firm. The reform determined that the quota was to be calculated based on the number 

of workers directly hired by the firm, introducing an implicit tax on direct labor contracting. 

To guide the empirical part of the paper, I develop a theoretical model that is consistent 

with the empirical evidence about the increased share in the use of outsourced labor and the 

distribution of total employment at the threshold.  I study the effects of a size-dependent tax 

that is proportional to direct labor demand but is independent of wages. The tax resembles 

the main features of the Colombian apprenticeship contract regulation. In particular, the 

model considers how the imperfect substitution between directly hired and outsourced labor 

increases the relative use of outsourced labor contracts as a response to the tax on direct labor. 
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 Size dependent policies are in fact correlated distortions (H. A. Hopenhayn 2014). 
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It’s not uncommon for labor regulation to apply to only one type of worker. For example, 

employment protection regulation only applies to regular or permanent workers, limiting the 

ability of firms to adjust this workforce costlessly (Bentolila, Cahuc, Dolado & Le 

Barbanchon, 2012; Hopenhayn & Rogerson, 1993). In the case of temporary contracts, 

Cappellari, Dell'Aringa & Leonardi (2012) evaluated a reform in Italy that relaxed the 

restrictions to the use of apprenticeship contracts for older workers and no longer required 

firms to certify the qualifications obtained by apprentices. The authors found that the reform 

induced substitution between different types of temporary contracts among which 

apprenticeship contracts are one type, and not just between these and open ended contracts. 

The theoretical framework proposed in this paper provides a way to model the labor 

substitution induced by size-dependent tax that restricts the demand of directly hired labor. 

To motivate the potential effects of the apprenticeship contract regulation on outsourced 

labor demand, Figure 1 shows that the ratio of outsourced to direct labor increased in 

Colombia since the end of the 90’s  until 2007 for firms between 10 and 29 directly hired 

workers. The average rise was even more spectacular when the whole firm size distribution 

is considered which suggest this effect was bigger for larger firms (See Figure 10 in the 

Appendix.). The largest increase in this ratio occurs between 2003  and 2004, a year after 

labor law 789 of 20026 was signed. Which implies the regulation change did not have an 

inmmediate effect.  This law imposed an implicit tax on the use of direct labor by defining it 

as the criteria to determine whether firms must be subject or not to the apprenticeship contract 

regulation. In addition, this regulation applies only to firms that hire 15 or more workers 

directly7, making it a size-dependent distortion. It’s important to mention that law 789 of 

2002 also introduced reforms such as reductions in severance payments of workers with at 

least 10 years of tenure at the firm, reduced overtime costs and extended regular working 

hours until 10 p.m. All these measures have the opposite effect of the apprenticeship contract 

regulation on outsourcing, since it reduces the costs of hiring regular workers. This implies 

that the regulation change I study in the empirical part of this paper is the only one expected 

to increase the relative share of outsourced labor in total labor demand. 
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 The reduction of the ratio after 2006 is explained by the passing of legislation which restricted the use of outsourced labor contracts 

for permanent tasks at the firm in 2006. 
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 Directly hired workers are those that the firm pays social security for, including permanent or temporary workers, as opposed to 

outsourced labor which are hired through third party agencies. 
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Figure 1 Average ratio of outsourced labor to direct labor. 

 

Source: Own calculations using Colombia's Annual Manufacturing Survey. Firms 

between 10 and 29 directly hired workers.  Dashed lines at years 2002 and 2006. Figure 

shows the fitted ratio of workers in each year in the vertical axis against the labor 

demand firms had in the year 2002. 

The observed increase in the average share of outsourced labor showed a lot of 

heterogeneitey across firm of different sizes. Figure 2 shows that between 2002 and 20048 

the average ratio of outsourced to directly hired labor increased unambiguosly for firms 

around the threshold of compliance with the apprenticeship contract regulation (15 direct 

workers). Firms that in 2002 had more than 25 directly hired workers showed the greatest 

increases, but nevertheless the regulation appears to have had an effect on firms of all sizes. 

This observed rise in the ratio of outsourced labor around the regulation threshold is 

consistent with firms changing their labor composition around the regulation threshold 

posibly as a response to the policy. It must be stated that firms that hire 30 directly hired 

workers are complied by law to hire a second apprentice. Therefore, the increse in labor ratios 

of larger firms in Figure 2 may be the effect of the second regulation threshold of 30 direct 

workers9. 
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 Figure 11 in the Appendix shows that although firms that in 2002 had between 26 and 29 workers did increase the Outsourced/Direct 

ratio of workers in 2003, those around the 15 worker threshold did not experience an increase in 2003. 
9

 In this paper I will exclusively focus on the first threshold of the regulation. The evaluation of the other thresholds, which may show 

larger effects is suggested as future work. 
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Figure 2 Ratio of outsourced to direct labor by direct labor demand. 2002-2004. 

 

Source: Own calculations using Colombia's Annual Manufacturing Survey. 

Vertical line at 14 direct workers. 

This kind of response to size-dependent policies at the threshold is not exclusive of 

Colombia. Ramaswamy (2013) and Chaurey (2015) study the case of contract workers (those 

hired through contractors and not directly by the firm) in India and show that the share of 

contract workers increased by 12 percentage points between 1999 and 2009. Chaurey (2015) 

finds that firms in states with stricter labor laws demand more contract labor as a response to 

local demand shocks, relative to firms in more flexible labor markets. Further, Ramaswamy 

(2013) finds that the share of contract workers is higher for the group of firms between 50 

and 99 direct workers, compared to other size groups. Stricter labor protection regulation 

regarding layoff or contract termination applies to firms with 100 or more regular workers 

but contract workers are not considered in this count. The Indian evidence points to an 

increase both on the average share of outsourced labor and at specific labor demand levels as 

firms attempted to avoid complying with the labor regulation. 

Outsourcing may have positive effects on firm performanace. Bertrand, Hsieh, & 

Tsivanidis (2015) find that since the 1990s the use of staffing companies that provide contract 

labor by firms over 100 workers had increased from 30% to 60% by 2011 in India. The 

availability of this flexible form of contracting allowed large firms to cope with demand 

shocks, increase employment and take on risky investments since firing contract workers is 

not subject to strong regulation as regular workers. Thus, in case of an adverse event firms 

can return contract workers to staffing firms without incurring in firing costs. These authors 
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estimate an effect of 0.56% increase in Indian manufacturing GDP between 1998 and 2011, 

which is not large but nevertheless provided a way for firms to overcome tight labor 

regulation. This example reflects the importance of flexible forms of contracting as 

alternatives to firms attempting to grow but limited by the effects of size-dependent 

regulations. 

Figure 3 Distribution of total labor demand. 1995-2002 (Left panel). 2003-2011 (Right panel) 

  

Source: Own calculations using Colombia's Annual Manufacturing Survey. Vertical line shows the 15 worker threshold. Total 

employment does not include apprentices which by regulation are not considered workers. 

Theoretical models to study size-dependent distortions like the ones discussed show that 

these can affect the distribution of total employment in two ways. First, by making it more 

costly for larger firms to grow, it induces the creation of smaller firms. Second, they distort 

labor demand at the threshold of the distribution where it’s binding as firms attempt to avoid 

being subject to the regulation. This is known as a threshold effect (Gourio y Roys 2014). In 

Colombia, since the current apprenticeship contract regulation has been in effect, a 

disportionate increase in the mass of firms’s total labor demand below the 15 worker 

threshold has been observed. Figure 3 shows that firm’s growth in total labor demand has 

been particularly active below the regulation threshold in the period that followed the reform, 

2003-2011, and not as much before (1995-2002). The change in the mass of the total 

employment distribution between these two sample periods is shown in Figure 4. This graph 

provides support to the claim that the apprenticeship contract might have affected total labor 

demand distribution in Colombia around the threshold of compliance with this regulation. 
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Figure 4 Change in the density of total labor employment between period 1995-2002 and 2003-2011. 

 

Source: Own calculations using Colombia's Annual Manufacturing Survey. Vertical 

line shows the 15 worker threshold. Densities were estimated using a kernel function for 

each sample period and their differences are plotted in this figure. 

A result in size-dependent distortions models is that the total labor demand distribution 

exhibits a lack of mass (a gap) at the threshold where a policy that taxes all units of labor 

kicks in. However, several studies have found that there is no such gap in the overall 

employment distribution. Hsieh & Olken (2014) find very small changes in the firm size 

distribution at the thresholds where different policies kick-in in India, Indonesia and Mexico 

suggesting that size-dependent taxes if anything should generate some bunching in the firm 

size distribution but not a gap. Braguinsky, Branstetter & Regateiro (2011) conclude that the 

combination of different policies interacting around the same threshold may account for the 

lack of a “bulge” right before the policy threshold in Portugal. This contradiction between 

theory and the data is what I will refer to as the “missing gap puzzle”. 

The contradiction implies that traditional size-dependent policies models may not be well 

suited to study the effects of these policies on labor substitution and outsourcing since they 

model labor as being homogenous and thus generate counterfactual results regarding total 

labor demand at the threshold.  However, as discussed, policies that tax only one labor type 

and can induce this type of substitution are present in developing countries, thus extending 

these models to include heterogeneous labor not only fills a gap in this literature but is 

necessary to answer the research question at hand. In addition, in this paper I explore whether 

labor substitution is a solution to this puzzle about the labor demand distribution at the 

threshold in size-dependent distortion models. 
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Results from the theoretical model shed light about the effects of size-dependent distortions 

on labor composition. I find that the response of firms to the policy, changes the mix of 

contract types in the economy. While the ratio of outsourced to direct labor is constant for all 

firms in absence of distortions, it is higher and increasing in idiosyncratic productivity once 

the size-dependent distortion is introduced. This result is relevant from a policy perspective 

since size-dependent distortions may inadvertently induce labor outsourcing. To discuss 

some implications of the model for unemployment I assume that wages are downward rigid. 

Wage rigidity under a size-dependent distortion forces the labor market to adjust via 

quantities generating unemployment. 

The model also shows that the size-dependent distortion affects the total labor demand 

distribution in the vicinity of the threshold in a way that is consistent with  

Figure 1 and Figure 3. In contrast to the case with a single contract when firms have no choice 

but to constraint themselves at a level that prevents them from being subject to the regulation 

(Guner, Ventura, & Xu, 2008), labor substitution allows these firms to increase their labor 

demand, output and profits. These results imply lower costs of size-dependent distortion for 

total factor productivity when firms can substitute labor. The patterns of substitution are 

consistent with the empirical evidence and gaps do not arise in the theoretical distribution of 

total employment. This alternative explanation for the “missing gap puzzle” is an additional 

result which reconciles the theoretical implications of these models with the empirical 

evidence. 

Using the model’s predictions regarding labor demand and outsourcing, I estimated “intent 

to treat” difference in difference models using Colombian manufacturing data, taking 

advantage of the natural experiment introduced by the change in the apprenticeship contract 

regulation in 2002. The difference in difference estimation showed that firms affected by the 

policy reduced total and direct labor demand between 12 and 9 log points, relative to firms 

not subject to the regulation, in line with the model’s prediction. Firms with at least 15 direct 

workers increased their ratio of outsourced to direct labor by 6.6 percentage points, relative 

to firms not subject to the regulation. While causality cannot be claimed, the correlations 

found in these estimations suggest that the theory developed is consistent with the data and 

that in any case the effects underestimate the true effects. 
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The paper is structured as follows. In addition to this introduction, in Section 2 I develop 

the theoretical framework to analyze the labor market effects of size-dependent regulations 

which are independent of wages. In Section 3 I assume that wages are downward rigid and 

discuss the implications of the model for unemployment and informality. In section 4 I 

empirically test the effect of the apprenticeship contract on labor demand using Colombian 

manufacturing data. Finally, in section 5 I conclude with a discussion of my findings, their 

implications for public policy and suggest some ideas for future work. 

2. Analytical framework 

I consider an economy with heterogeneous production units in a partial equilibrium set up. 

The model is a static span of control model (Lucas (1978)). The production technology 

exhibits decreasing returns to the use of inputs and is given by 𝑦(𝑠) = 𝑠1−𝛾𝑛𝛾, where 𝑠 is 

idiosyncratic productivity and 𝑛 is total labor, which is divided between two types of workers 

that differ in the way in which they are hired by the firm and are imperfectly substitutable10. 

𝛾 is the parameter that governs the returns to scale on the use of labor, the “span of control” 

parameter. The production technology requires the use of both types of labor. 𝑛 =

(𝑛𝑑)
𝜎(𝑛𝑜)

1−𝜎, where 𝑛𝑑 denotes workers hired directly by the firm and 𝑛𝑜 workers hired 

through outsourcing. Notice that the marginal productivity of each worker differs depending 

on whether they are hired as direct or outsourced workers. The underlying assumption is the 

existence of two labor markets where individuals supply labor at the given market wages11. 

Imperfect substitution between the two labor types will allow me to explicitly model the 

increased use of outsourced labor as a margin of adjustment to the size-dependent 

distortion12.  The motivation for making these two types of labor necessary for production 

lies both in the observation that in the data the use of outsourced labor has gained importance 

after the apprenticeship contract regulation changed and to rule out corner solutions to the 

labor demand problem. In the first case, notice that regulations that use the number of directly 

hired workers to determine the apprenticeship quotas in Colombia and the Indian evidence 

                                                 
10

 The technology is closely related to the producer’s problem from (Guner, Ventura y Xu 2008).  The main differences with their 

model are the use of heterogeneous labor, the absence of capital and that the distortion which is independent of wages. 
11

 A subtle implication is that individuals perform differently under each contract. Take as example assistant professors. Before gaining 

tenure, these can have a higher or lower productivity than after tenure is acquired. 
12

 This margin was discussed by Garicano, LeLarge, & Van Reenen (2013) as possible extensions to their model. 
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discussed previously where only direct labor is taxed are likely to increase the use of 

outsourced labor. As to the second observation, notice that perfect substitution would, by 

construction, yield the result that the total employment distribution does not exhibit a gap at 

the threshold of compliance with the regulation, solving the missing gap puzzle. However, it 

would not generate an increase of mass at the threshold which would be inconsistent with the 

changes in total labor demand distribution observed in Colombia and other developing 

countries. 

While the model emphasizes the directly vs. outsourced worker margin of substitution, 

which is the relevant one for the regulation I study, the model may be used to capture other 

margins of substitution between worker types or contracts which may be better suited for 

each specific context and regulation (Permanent vs. temporary, formal vs. informal, skilled 

vs. unskilled). Therefore, the model contributes to extend the range of policies which can be 

studied using size-dependent distortion models. 

In what follows of the paper I focus only on the production problem since interest lies in 

the response of labor demand to the apprenticeship contract regulation13. In this economy 

there is a representative household with a large number of members, who supply labor 

inelastically at the given market wages.  Workers can be hired directly or via outsourcing, 

and have different wages under each contract. I assume that wages for outsourced labor are 

lower than those for directly hired workers14. I will not model the use of the tax revenues and 

intend to capture only the direct costs of regulation in terms of labor demand and aggregate 

production, but not potential benefits such as investment in human capital or training1516. I 

now discuss the production problem. 

The production problem of a firm facing a size-dependent distortion 

In this section I state the problem that firms face under size-dependent distortions on direct 

labor use. Firms must choose the amount of directly hired and outsourced labor to maximize 

                                                 
13

 I treat issues related to general equilibrium effects on wages, reallocation of labor between firms and the effects of the policy design 

on welfare in a different research project that looks at how different size-dependent distortions, which generate the same tax revenue, affect 

the overall performance of the economy in a calibrated static general equilibrium model. 
14

 This assumption is not crucial for model results. But simplifies the comparison between the undistorted economy and the case when 

a size-dependent distortion is introduced. 
15

 I thank Ravi Kanbur for pointing out that these policies while distortive, are usually put in place because they are thought to have 

benefits for the workers or because tax revenues are needed to finance programs that have potential benefits. 
16

 In the third chapter I study  the effects of restrictions on the use of apprenticeship contracts in a paper that builds a stochastic matching 

model of the labor market in the spirit of Pissarides (2000), but abstracts from tax distortions and total labor demand. 
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profits taking wages and labor supply as given, in a competitive labor market17. The size-

dependent tax is proportional to the labor demand of directly hired workers. This distortion 

differs from those usually considered in the literature. Most models study restrictions on labor 

use modeling size-dependent taxes which are proportional to the total wage bill (𝜏 ∗ 𝑤 ∗ 𝑛𝑑). 

Nevertheless, the qualitative implications of distortions that are proportional to the wage bill 

and those that are proportional to direct labor demand, as the one I model, are similar in terms 

of labor substitution when the model includes two labor types18. The choice of the distortion 

modeled is a close match to the apprenticeship contract, but results can easily be extended to 

the more common set of distortions studied in models like Garicano, LeLarge, & Van Reenen 

(2013), Gourio & Roys (2014), or Guner, Ventura, & Xu (2008). 

Under a proportional size-dependent tax on labor demand, the production problem is given 

by PP. 

 

𝑚𝑎𝑥.
{𝑛𝑑 , 𝑛𝑜}

 𝜋(𝑠, 𝑛, 𝑤𝑖) = 𝑠
1−𝛾[(𝑛𝑑)

𝜎(𝑛𝑜)
1−𝜎]𝛾 − 𝑤𝑑𝑛𝑑 − 𝑤𝑜𝑛𝑜 − 𝜏(𝑛𝑑)

𝑤ℎ𝑒𝑟𝑒, 𝜏(𝑛𝑑) = {
0 𝑛𝑑 ≤ �̂�𝑑
𝛼𝑛𝑑 𝑛𝑑 > �̂�𝑑

𝑤ℎ𝑒𝑟𝑒 𝛾 ∈ (0,1);  𝜎 ∈ (0,1); 𝛼 > 0, 𝑖 = 𝑑, 𝑜 

 (PP) 

This type of tax implies that labor costs differ for firms at �̂�𝑑, since firms pay taxes on all 

units of directly hired labor, not just marginal units. 𝛼 is the per worker value of the distortion, 

therefore 𝑤𝑑 + 𝛼 is the marginal cost of labor that firms with demand for directly hired 

workers above �̂�𝑑 must pay. The marginal cost for outsourced labor demanded for firms 

below this threshold is 𝑤𝑜, which further increases the relative difference in labor costs 

between direct and outsourced labor. 

 

The first order condition with respect to 𝑛𝑑 is given by equation (1), while the one with 

respect to 𝑛𝑜 is given by equation (2).  

                                                 
17

 A natural amplifying mechanism is allowing for labor market frictions which would introduce unemployment and misallocation via 

profitable matches that will not take place when firms face distortions (see Lagos, 2006).  Section 3 introduces one such labor market 
distortion: downward wage rigidity. 

18
 This is a result in a related research project which explores the effects of labor substitution on aggregate productivity and factor 

allocation in the presence of different types of size-dependent regulations. 
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𝑠1−𝛾𝛾𝜎[(𝑛𝑑)
𝜎(𝑛𝑜)

1−𝜎]𝛾−1(𝑛𝑑)
𝜎−1(𝑛𝑜)

1−𝜎 = 𝑤𝑑 + 𝛼

𝑤ℎ𝑒𝑟𝑒, 𝛼 = {
0 𝑛𝑑 ≤ �̂�𝑑
𝛼 𝑛𝑑 > �̂�𝑑

 (1) 

 𝑠1−𝛾𝛾(1 − 𝜎)[(𝑛𝑑)
𝜎(𝑛𝑜)

1−𝜎]𝛾−1(𝑛𝑑)
𝜎(𝑛𝑜)

−𝜎 = 𝑤𝑜 (2) 

Combining (1) and (2) I find an expression for the ratio of outsourced to directly hired 

workers which measures the composition of labor in the labor market. The first key result 

after introducing a proportional size-dependent tax is that the distorted ratio of labor types, 

𝑅𝛼 (equation (3) below), is higher than the one present in the undistorted economy (which is 

found by setting 𝛼 = 0). The ratio is an increasing function of the tax and the relative costs 

of direct to outsourced labor. It is constant for firms and proportional to the contribution of 

each factor in the production technology and to relative wages. As a result, differences in 

relative labor demand in absence of distortions are only explained by technology 

requirements and relative labor costs. This is a result of the homogeneity assumption of the 

production function (Guner, Ventura y Xu 2008)19.In contrast to previous literature which 

only considers one type of labor (Guner, Ventura, & Xu (2008), Garicano, LeLarge, & Van 

Reenen (2013), Gourio & Roys (2014)), labor substitution as a response to regulation changes 

the composition of labor demand in the economy. Therefore, this model links the effects of 

labor market distortions in workers’ relative labor costs to changes in the composition of 

labor contracts. 

 

𝑛0
𝑛𝑑
= (

𝑤𝑑 + 𝛼

𝑤𝑜
) (
1 − 𝜎

𝜎
) ≡ 𝑅𝛼

and 𝛼 = {
0 𝑛𝑑 ≤ �̂�𝑑
𝛼 𝑛𝑑 > �̂�𝑑

 (3) 

Using equations (1), (2) and (3), labor demands for directly hired and outsourced workers 

under a proportional size-dependent tax are given by (4) and (5). These demands are a 

function of the distortion captured by 𝑅𝛼. Demands are linear in idiosyncratic productivity, 

thus the ablest managers will have larger firms and labor demands are decreasing function of 
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 A CES production function yields a ratio that is a function of the elasticity of substitution between labor types,  𝑅𝜖, where 𝜖 is the 

elasticity of substitution between labor types. Heterogeneity in the elasticity of substitution is not a margin I exploit in this paper therefore 

the simpler Cobb-Douglas function suffices for our purposes. 



 

13 

 

the respective wages. Linearity in 𝑠 is the result of the production function used, which treats 

idiosyncratic productivity as a fixed input and greatly simplifies the analysis20. 

 𝑛𝑑
𝛼∗(𝑠, 𝑤𝑖, 𝛼) = [

𝛾𝜎𝑅𝛼
𝛾(1−𝜎)

𝑤𝑑
]

1
1−𝛾

∗ 𝑠 ≡ [
Ω𝛼
𝑤𝑑
]

1
1−𝛾

∗ 𝑠 
(4) 

 𝑛𝑜
𝛼∗(𝑠, 𝑤𝑖, 𝛼) = [

𝛾(1 − 𝜎)

𝑤𝑜𝑅𝛼
𝜎𝛾 ]

1
1−𝛾

∗ 𝑠 ≡ [
Φα
𝑤𝑜
]

1
1−𝛾

∗ 𝑠 (5) 

Definition: Undistorted firms are those whose direct labor demand is at most �̂�𝑑 and are 

not subject to the size-dependent regulation. Distorted firms are those whose labor demand 

is greater than �̂�𝑑 and are therefore subject to the size-dependent regulation. 

Comparing the labor demands for undistorted and distorted firms provides a measure of 

the costs in terms of labor demand of a size-dependent distortion. Since undistorted firms do 

not have to pay taxes (𝛼 = 0), these firms will demand exactly the same amount of labor as 

they would before the size-dependent tax was introduced. Taking the ratio of labor demand 

equation (4) for distorted firms and undistorted firms gives 
𝑛𝑑
𝛼∗(𝛼>0)

𝑛𝑑
𝛼∗(𝛼=0)

= [
𝑤𝑑+𝛼

𝑤𝑑
]

𝛾(1−𝜎)−1

1−𝛾
 (which 

takes a value lower than one), shows that the demand for direct labor is lower in the presence 

of a size-dependent distortion relative to the undistorted economy for the same level of 

idiosyncratic productivity.  

Turning to outsourced labor demand, dividing equation (5) for distorted firms by those of 

undistorted firms provides the result that the demand of outsourced labor is also lower 

relative to the undistorted economy for distorted firms in the presence of a size-dependent 

tax for the same level of productivity, 
𝑛𝑜
𝛼∗(𝛼>0)

𝑛𝑜
𝛼∗(𝛼=0)

= [
𝑤𝑑+𝛼

𝑤𝑑
]

−𝛾𝜎

1−𝛾
. Undistorted firms, however, will 

demand as much outsourced labor as they did in absence of the tax. 
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 Many models assume a linear effect of idiosyncratic productivity which results in nonlinear labor demand functions. See Restuccia, 

2013; Garicano, LeLarge, & Van Reenen, 2013; Braguinsky, Branstetter, & Regateiro, 2011; Hopenhayn H. A., 2014. 
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Comparting the factor by which direct labor demand falls under a size-dependent tax 

relative to the undistorted case, it’s clear that this value is greater than the factor by which 

outsourced labor falls for distorted firms when a size-dependent distortion is present. This 

result explains why the labor ratio is higher under a size-dependent distortion (𝑅𝛼(𝛼 > 0) >

𝑅𝛼(𝛼 = 0)). Considering that the demand for both types of labor falls for these firms when 

a size-dependent distortion is introduced, total labor demand for the economy relative to the 

undistorted case, will be lower even though undistorted firms do not reduce their total labor 

demand. 

 

Using the labor demands is straightforward to determined that both output and profits for 

distorted firms will be lower than in the undistorted economy by a factor of [
𝑤𝑑+𝛼

𝑤𝑑
]

−𝛾𝜎

1−𝛾
. This 

is the same factor by which outsourced labor drops in the presence of a size-dependent tax. 

Therefore, a key result is that one of the costs of size-dependent distortions on direct labor 

use is a reduction in total output due to the contraction in total labor demand relative to a tax-

free economy21. However, since output and profit drops are determined by the factor of the 

reduction in outsourced labor demand and not by the one of direct labor, it is clear that labor 

substitution provides a channel that reduces output costs in the economy. If all labor were 

taxed the reduction in output would be larger. 

 

 𝑦(𝑠, 𝑤𝑖, 𝛼) = [
𝑤𝑑 + 𝛼

𝑤𝑑
]

−𝛾𝜎
1−𝛾

[[
Ω

𝑤𝑑
]

𝜎𝛾
1−𝛾

[
Φ

𝑤𝑜
]

(1−𝜎)𝛾
1−𝛾

 

] 𝑠 (6) 

 

𝜋(𝑠, 𝑤𝑖, 𝛼) = [
𝑤𝑑 + 𝛼

𝑤𝑑
]

−𝛾𝜎
1−𝛾

{[
Ω

𝑤𝑑
]

𝜎𝛾
1−𝛾

[
Φ

𝑤𝑜
]

(1−𝜎)𝛾
1−𝛾

 

− [
Ω

𝑤𝑑
𝛾]

1
1−𝛾

− [
Φ

𝑤𝑜
𝛾]

1
1−𝛾

} 𝑠 

≡ [
𝑤𝑑 + 𝛼

𝑤𝑑
]

−𝛾𝜎
1−𝛾

Θ𝑠 

(7) 
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 This is the result of the misallocation effect in correlated distortion models which is driven by the fact that undistorted firms hire the 

workers that are not demanded by distorted firms. I thank Andrés Zambrano for pointing this out. 
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So far I have discussed the labor demand of distorted and undistorted firms. The empirical 

evidence from Colombia and India show that some firms constrain themselves at a level of 

labor demand which makes them not subject to size-dependent regulations. From a 

theoretical perspective, Guner, Ventura, & Xu (2008) show that these firms will legally fix 

labor demand at �̂�𝑑 to avoid being subject to the regulation. In the current model however, 

firms can increase total labor demand by substituting direct for outsourced labor and still 

avoid being subject to the regulation. This allows them to have higher profits through labor 

substitution than in absence of this mechanism even though they constrain themselves in the 

use of direct labor. 

 

Definition: Direct labor constrained firms: These are firms who fix the demand of direct 

labor at �̂�𝑑 in order to avoid being subject to the regulation. 

 

Direct labor constrained firms face the decision of fixing their direct labor demand at �̂�𝑑 

and not being subject to the regulation or demanding more direct labor and paying the tax. In 

order to decide which of these strategies to choose they must compare the profits of both 

decisions. To explicitly study this firm problem, I now state and solve the profit maximization 

problem as if all firms were direct labor constrained. For the sake of simplicity, from now on 

I will just call them constrained firms. 

 

𝑚𝑎𝑥.
{𝑛𝑜}

 𝜋(𝑠, 𝑛𝑜 , �̂�𝑑  , 𝑤𝑖) = 𝑠
1−𝛾[(�̂�𝑑 )

𝜎(𝑛𝑜)
1−𝜎]𝛾 − 𝑤𝑑�̂�𝑑  − 𝑤𝑜𝑛𝑜

𝑤ℎ𝑒𝑟𝑒 𝛾 ∈ (0,1);  𝜎 ∈ (0,1), 𝑖 = 𝑑, 𝑜 
 (PP2) 

For constrained firms the optimal demand for outsourced labor, is given by the solution to 

PP2. Firms choose 𝑛𝑜 to maximize profits, and the FOC to this problem is:  

 

 𝑠1−𝛾𝛾(1 − 𝜎)[(�̂�𝑑)
𝜎(𝑛𝑜)

1−𝜎]𝛾−1(�̂�𝑑)
𝜎(𝑛𝑜)

−𝜎 = 𝑤𝑜 (8) 

 

Solving for 𝑛𝑜 yields the outsourced labor demand of distorted firms. 



 

16 

 

 𝑛𝑜
∗(�̂�𝑑 , 𝑠, 𝑤𝑖) = [

𝛾(1 − 𝜎)

𝑤𝑜
(�̂�𝑑)

𝜎𝛾]

1
1−𝛾+𝜎𝛾

∗ 𝑠
1−𝛾

1−𝛾+𝜎𝛾    
(9) 

Notice that the demand for outsourced labor is no longer linear on idiosyncratic 

productivity for constrained firms, but rather concave and increasing in s. This can be 

checked by differentiating (9) with respect to s. 

A second result when a size-dependent proportional tax on direct labor is introduced, is 

that firms’ decisions about direct labor demand will determine whether they are subject to 

the regulation or not. In equilibrium there will be a pair of idiosyncratic productivity levels 

that separates the three groups of firms (undistorted, constrained and distorted) in an 

economy with a size-dependent tax on direct labor. These idiosyncratic productivity levels 

will be determined once the expressions for firm profits are derived. Equation (10) represents 

directly hired labor demands by the three types of firms. 

 𝑛𝑑
∗ (𝑠, 𝑤𝑖, 𝛼) = {

𝑛𝑑
𝛼(𝑠, 𝑤𝑖, 0) ∀ Undistorted firms

 �̂�𝑑 ∀ Constrained firms

𝑛𝑑
𝛼(𝑠, 𝑤𝑖, 𝛼) ∀ Distorted firms

 (10) 

 

To derive an expression of the profit function for constrained firms, substitute �̂�𝑑 and the 

demand for constrained firms (equation (9)) in the profit function which yields equation (11)  

 
𝜋(𝑠, �̂�𝑑 , 𝑤𝑖) = [

𝑠1−𝛾�̂�𝑑
𝜎𝛾

𝑤𝑜
𝛾(1−𝜎)

]

1
1−𝛾+𝜎𝛾

 [[𝛾(1 − 𝜎)]
𝛾(1−𝜎)
1−𝛾+𝜎𝛾 − [𝛾(1 − 𝜎)]

1
1−𝛾+𝜎𝛾]

− 𝑤𝑑�̂�𝑑 

(11) 

 

Now that the profit functions have been defined for the three types of firms, a formal 

characterization of them in terms of idiosyncratic productivity can be made.  Let 𝑠− and 𝑠+ 

be the lowest and highest level of idiosyncratic productivity that gives constrained firms the 

same level of profits as undistorted and distorted firms, respectively. To determine 𝑠−notice 

that since constrained firms demand �̂�𝑑 there must be a productivity level where these firms 

obtain the same profit as the undistorted firm which demands �̂�𝑑. The level of idiosyncratic 

productivity where this occurs is the level where 𝜋(𝑠, �̂�𝑑 , 𝑤𝑖)=𝜋(𝑠, 𝑤𝑖). To determine 𝑠+ a 
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similar reasoning follows. Firms must be indifferent between being constrained at �̂�𝑑 and 

increasing direct labor demand and complying with the regulation (𝜋(𝑠, �̂�𝑑 , 𝑤𝑖)=𝜋(𝑠, 𝑤𝑖, 𝛼)). 

The solution to equation (12) provides the values for 𝑠− (When 𝛼 = 0) and 𝑠+. 

 

[
𝑠1−𝛾�̂�𝑑

𝜎𝛾

𝑤𝑜
𝛾(1−𝜎)

]

1
1−𝛾+𝜎𝛾

 [[𝛾(1 − 𝜎)]𝛾(1−𝜎) − [𝛾(1 − 𝜎)]]

1
1−𝛾+𝜎𝛾

− 𝑤𝑑�̂�𝑑

= [
𝑤𝑑 + 𝛼

𝑤𝑑
]

−𝛾𝜎
1−𝛾

Θ𝑠 

(12) 

Implicit differentiation of equation (12) yields that 𝑠− and  𝑠+ are increasing in �̂�𝑑. These 

results imply that increasing the regulation threshold should increase the range of the set of 

constrained firms. On the other hand increases in 𝛼 will only increase 𝑠+, which will have 

the unambiguous effect of increasing the range of the set of constrained firms since 𝛼 does 

not affect 𝑠−. 

Figure 5 Profit function 

 

Note: Functions simulated using a log normal distribution and the following parameter values: 𝛾 =

0.802, 𝜎 = 0.65, 𝛼 = 0.025,𝑊𝑜 = 0.14,𝑊𝑑 = 0.2, �̂�𝑑 = 14. 𝑠− = 0.16, 𝑠+ = 0.527 

As shown in equation (13), the slope of the profit function in Figure 5 for distorted firms 

is lower than for undistorted ones. There are two distinct values of idiosyncratic productivity, 

𝑠− and 𝑠+ where the profits of the constrained firm problem equal the profits of undistorted 

firms and distorted firms, respectively. Notice that in the segment given by [𝑠−, 𝑠+] the 

constrained profit function is increasing but not linear in s. This occurs because directly hired 



 

18 

 

labor is being held constant while outsourced labor is increasing, and the function exhibits a 

positive but decreasing return to variable inputs and idiosyncratic productivity. These two 

values separate the three types of firms in the economy: Undistorted firms will have 

idiosyncratic productivity level 𝑠 ∈ [0, 𝑠−], constrained firms will have idiosyncratic 

productivity level 𝑠 ∈ [𝑠−, 𝑠+], and distorted firms will have idiosyncratic productivity level 

𝑠 ∈ [𝑠+, �̅�]. Therefore, the profit function is a piecewise continuous function given by: 

 Π(𝑠, 𝑤𝑖, 𝛼) = {

𝜋(𝑠, 𝑤𝑖, 0) ∀ 𝑠 ∈ [0, 𝑠−]

 𝜋(𝑠, �̂�𝑑 , 𝑤𝑖 , 0) ∀ 𝑠 ∈ [𝑠−, 𝑠+]

𝜋(𝑠, 𝑤𝑖, 𝛼) ∀ 𝑠 ∈ [𝑠+, �̅�]
 (13) 

 

Figure 6 plots the ratio of outsourced to direct labor for the three types of firms defined by 

𝑠− and 𝑠+. The main implication of the model is an increase both in the level and the 

dispersion of the ratio of outsourced to direct labor in an economy with a size-dependent 

distortion relative to a distortion-free economy.  Given that the optimal outsourced labor 

demand for constrained firms, 𝑛𝑜
∗(�̂�𝑑 , 𝑠, 𝑤), is increasing in idiosyncratic productivity for 

𝑠 ∈ [𝑠−, 𝑠+] and the demand for directly hired labor is fixed at �̂�𝑑, 
𝑛𝑜

𝑛𝑑
 is increasing in 𝑠 as 

can be checked in equation (14). Further, at 𝑠+ this ratio jumps down to the level 𝑅𝛼, which 

is constant for all distorted firms. 

Figure 6 Ratio of outsourced to direct labor demand. 
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Note: Functions simulated using a log normal distribution and the following parameter values: 𝛾 =

0.802, 𝜎 = 0.65, 𝛼 = 0.025,𝑊𝑜 = 0.14,𝑊𝑑 = 0.2, �̂�𝑑 = 14. 𝑠− = 0.16, 𝑠+ = 0.527 

 

  𝑛𝑜
∗(�̂�𝑑 , 𝑠, 𝑤𝑖)

�̂�𝑑
= [
𝛾(1 − 𝜎)

𝑤𝑜
(�̂�𝑑)

1−𝛾𝑠1−𝛾]

1
1−𝛾+𝜎𝛾

 ∀ 𝑠 ∈ [𝑠−, 𝑠+]  
(14) 

The changes in the composition of labor contracts can be assessed in an intuitive manner. 

In absence of distortions the average ratio of contract types is given by 𝑅 regardless of firm 

productivity. However, the distorted economy has an average ratio that is higher and is given 

by equation (15). The second term in this equation is the ratio of outsourced labor to direct 

labor for constrained firms, which as was discussed before, is increasing in idiosyncratic 

productivity22.  From a policy perspective is important to note that size-dependent distortions 

will change the composition of labor where the untaxed labor will increase its share in the 

contract mix. This may have unintended consequences like the increase in contract labor 

observed in India or the increased share of informal labor observed in many Latin American 

countries. However, as discussed before, the costs in terms of output and total factor 

productivity are lower than when all labor is taxed. 

 

�̅� = 𝑅∫ 𝑠
𝑠−

0

𝑑𝐹(𝑠) + ∫ [
𝛾(1 − 𝜎)

𝑤𝑜
�̂�𝑑
1−𝛾
𝑠1−𝛾]

1
1−𝛾(1−𝜎)𝑠+

𝑠−
𝑑𝐹(𝑠)

+ 𝑅𝛼∫ 𝑠
�̅�

𝑠+
𝑑𝐹(𝑠) 

(15) 

Figure 7 plots the piecewise labor demand function for the three types of firms. Firm size, 

measured as total labor demand, while lower than in the undistorted economy (Shown in 

dashed lines) is still strictly increasing in idiosyncratic productivity, in contrast to what 

models with just one worker type find.  Notice that at 𝑠+ labor demands for direct and 

outsourced labor jumps from �̂�𝑑 to 𝑛𝑑
𝛼∗(𝑠, 𝑤𝑖, 𝛼) and from 𝑛𝑜

∗(�̂�𝑑, 𝑠, 𝑤𝑖) to 𝑛𝑜
𝛼∗(𝑠, 𝑤𝑖, 𝛼), 

respectively. This implies that the absence of a gap in the total employment distribution is 

not guaranteed, but this gap is not present at the regulation threshold. 

                                                 
22

 The increased dispersion in the ratio of outsourced to direct labor can also affect aggregate productivity and is an example of a 

positive correlated distortion, where more productive firms have a higher share of the untaxed labor. The effects of a higher share of 

outsourced labor should be further explored as a source of misallocation and productivity losses. 
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Figure 7 Labor demand functions 

 

Note: Functions simulated using a log normal distribution and the following parameter values: 𝛾 =

0.802, 𝜎 = 0.65, 𝛼 = 0.025,𝑊𝑜 = 0.14,𝑊𝑑 = 0.2, �̂�𝑑 = 14. 𝑠− = 0.16, 𝑠+ = 0.527 

Equation (16), 𝑛𝑇, plotted in Figure 8 represents total labor demand for the three types of 

firms.  

 𝑛𝑇(𝑠, 𝑤𝑖, 𝛼) = {

𝑛𝑑
∗ (𝑠, 𝑤𝑖) + 𝑛𝑜

∗(𝑠, 𝑤𝑖) ∀ 𝑠 ∈ [0, 𝑠−]

 �̂�𝑑 + 𝑛𝑜
∗(�̂�𝑑 , 𝑠, 𝑤𝑖) ∀ 𝑠 ∈ [𝑠−, 𝑠+]

𝑛𝑑
𝛼∗(𝑠, 𝑤𝑖, 𝛼) + 𝑛𝑜

𝛼∗(𝑠, 𝑤𝑖, 𝛼) ∀ 𝑠 ∈ (𝑠+, �̅�]
 (16) 

The jump in labor demands at 𝑠+ has implications for the existence or lack thereof a gap 

in the employment distribution. Guner, Ventura, & Xu (2008) find that the set of taxed inputs 

𝑛 ∈ [𝑛−, 𝑛+] , which represent total labor demand at 𝑠 ∈ [𝑠−, 𝑠+], will not be demanded 

inducing the existence of a gap in the total employment distribution of firms at the threshold 

of compliance with the regulation. In the current model when firms are faced with a 

restriction to hire direct labor they will be able to adjust their total labor demand by hiring 

outsourced labor.  However, whether the amount of labor that is substituted is able to 

eliminate the gap that is generated by the jump in direct labor demand at the regulation 

threshold depends on whether 𝑛𝑜
∗(�̂�𝑑, 𝑠

−, 𝑤𝑖) > 0. A sufficient condition for this is 𝑅 > 0.  

Imperfect labor substitution guarantees that there is positive (outsourced) labor demand by 

constrained firms over the range of direct labor that is not demanded (𝑛𝑑 ∈

(�̂�𝑑 , 𝑛𝑑
𝛼∗(𝑠+, 𝑤𝑖, 𝛼)). All that is required to eliminate the gap in total demand distribution in 
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size-dependent models is that constrained firms can substitute towards the untaxed labor. 

Therefore, labor substitution is an answer to the “missing gap puzzle”. 

Figure 8 Total labor demand. 

 

Note: Functions simulated using a log normal distribution and the following parameter values: 𝛾 =

0.802, 𝜎 = 0.65, 𝛼 = 0.025,𝑊𝑜 = 0.14,𝑊𝑑 = 0.2, �̂�𝑑 = 14. 𝑠− = 0.16, 𝑠+ = 0.527 

To obtain the previous result substitute 𝑠− in equation (9) which produces the left hand 

side of the inequality 𝑛𝑜
∗(�̂�𝑑 , 𝑠

−, 𝑤𝑖) > 0. Solving this condition provides the result that when 

�̂�𝑑𝑅 > 0  there is no employment gap at the threshold. �̂�𝑑𝑅 > 0 is always satisfied in 

technologies with imperfect substitution and is trivially satisfied under perfect substitution. 

The implication of this result is that to produce total employment distributions which are 

consistent with the data, size-dependent models should explicitly model the substitution of 

labor that takes place when firms are faced with the decision to become subject to the 

regulation because direct labor is subject to an implicit tax on its use. 

Notice that in the model, �̂�𝑑𝑅 > 0 does not rule out the existence of gaps in the distribution 

at higher levels of employment since both labor demands jump at 𝑠+, as can be seen in Figure 

8. The jump at 𝑠+ generates a gap further along the distribution which is consistent with the 

missing middle hypothesis.  However, Hsieh & Olken (2014) find no evidence of a missing 

middle in India, Indonesia or Mexico. A reason why this missing middle would be absent in 

the data but present in the model could be that the model assumes all firms are homogeneous 

in terms of their technology regarding factor shares in the production function. To address 
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this issue I now discuss the effects of having firms that are heterogeneous in terms of the 

share of direct labor in their production function23. 

Figure 9 Total employment demand at the threshold for different values of 𝝈. 

 

Note: Functions simulated using a log normal distribution and the following parameter values: 𝛾 = 0.802, 𝛼 =

0.025,𝑊𝑜 = 0.14,𝑊𝑑 = 0.2, �̂�𝑑 = 14. 

In Figure 9 I show the result of simulating total employment demands at the threshold of 

compliance with regulation for different values of the share of direct labor in the production 

technology. The light and dark grey lines show total labor demand by constrained firms with 

idiosyncratic productivity levels 𝑠− and 𝑠+, respectively. From this exercise is clear that labor 

substitution can play an important role in allowing constrained firms to increase their total 

labor demand when outsource labor has a higher share in their production function to begin 

with. The black line shows total labor demand by constrained firm with productivity level 

𝑠+. Therefore, the difference between the black and dark grey lines is a measure of the gap 

in the total employment distribution predicted by the model and this gap is increasing in the 

share of outsourced labor in the production function. Notice then, that with enough 

heterogeneity in the share of each type of labor in the production technology, a gap in the 

total employment distribution could not be observed since the jump in total employment 

would be at different levels for firms with different technologies. 
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 I thank Leopoldo Fergusson for point out that firm heterogeneity may be a reason for a “missing middle” as Hsieh & Olken (2014) 

refer to the absence of middle size firms in the total employment distribution. 
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The model proposed in this section predicts a reduction in total employment demand and 

an increase in the share of outsourced labor in total employment by distorted firms due to 

higher labor costs of direct labor. Another prediction is that constrained firms will also 

increase their share for outsourced labor through labor substitution to legally avoid being 

subject to the regulation. The increase in demand by constrained firms will not be enough to 

compensate total labor demand and employment will be lower if wages can’t adjust. These 

responses imply that the share of outsourced labor in total labor demand will be an increasing 

function of firm’s idiosyncratic productivity. Finally, labor substitution may be able to 

generate a distribution of total employment without gaps at the regulation threshold which is 

consistent with the empirical evidence from developed and developing countries. The only 

requirement is the imperfect substitution of heterogeneous labor in the production 

technology. I now examine the implications of these results for employment losses in the 

presence of wage rigidities. 

3. Employment losses 

Although the framework developed previously is in partial equilibrium it can be used to 

discuss the implications for unemployment of size-dependent distortions that restrict the use 

of direct labor and generates substitution towards outsourced labor. Let’s assume that wages 

are downward rigid so that in the current framework we’re able to abstract from changes in 

wages that would reallocate labor across firms eliminating unemployment as in standard size-

dependent distortions models. In countries where the minimum wage is high relative to 

average wages, this is not a farfetched assumption. 

From Figure 8 one can construct measures of employment losses due to size-dependent 

regulations restricting the use of direct labor. Since undistorted firms will not change their 

labor demand relative to a distortion-free economy, losses can be evaluated by examining 

only distorted and constrained firms. Equation (17) is the difference in total labor demand by 

distorted firms relative to a distortion-free world. It shows the measure of employment losses 

due to the reduction in labor demand, where it’s clear that in absence of distortions (𝛼 = 0) 

there would not be any employment losses. 

 Employment losses for constrained firms is given by equation (18). The last term of this 

equation shows that the availability of outsourced labor prevents higher employment losses. 
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Given that outsourced employment increases with idiosyncratic productivity for constrained 

firms, the difference in employment relative to the distortion-free economy is lower than if 

it was constant, as is the case with direct labor for these firms or when total labor is taxed. 

This is an example of the positive effects for employment growth of having alternative forms 

of contracting since it may help reduce unemployment. This result is consistent with what 

Bertrand, Hsieh, & Tsivanidis (2015) found for the staffing industry in India. 
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(18) 

Therefore, I’ve shown that under wage rigidity the effects of a size-dependent distortion 

which restricts the use of labor will generate a lower employment demand relative to the 

undistorted economy. The result is particularly important for economies where minimum 

wages are binding and the margin of adjustment is the extensive one. The direct implication 

is that the availability of flexible forms of contracting can help reduce employment losses 

when firms face size-dependent distortions on direct labor. Further, labor substitution can 

have positive effects on the allocation of labor across firms. 

4. Empirical evaluation of the apprenticeship contract on labor demand and 

composition. 

The Colombian apprenticeship contract offers a unique opportunity to estimate the effects 

of apprenticeship contracts on firm labor demand and its composition. The 2002 reform to 

the apprenticeship contract regulation, which has been in effect since 1960, changed both the 

threshold of compliance and the type of workers used to determine the mandatory quota for 

apprenticeship contracts.  It changed from 20 skilled workers in 2002 to 15 directly hired 
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workers starting in 2003.24 The 15 worker threshold applies only to this particular regulation 

reducing the chance that multiple regulations are interacting to explain the absence of a gap 

in the distribution at the threshold, a problem faced by Braguinsky, Branstetter & Regateiro 

(2011). 

The change in the determination of the quota is so remarkable that it can be seen as the 

introduction of an entirely new regulation. The regulation in 2002 considered skilled workers, 

which were mainly non-production workers, as the basis to calculate the quota therefore the 

policy applied mostly to larger firms. Large firms are more likely the ones that have a large 

enough number of non-production workers to be subject to the regulation. However, the 

reform that took place starting in 2003 implied that the apprenticeship quota was to be 

calculated using the total number of directly hired workers, independently of whether they 

were production or administrative workers25. The implication is that a larger number of firms 

are now subject to the regulation than before 2003, particularly those from the lower tail of 

the firm size distribution, which was reflected in the number of apprenticeship contracts that 

were signed per year between 2002 and 2003.  For example, Saavedra & Medina (2012) 

report an increase from 33.3 thousand to 72.1 thousand apprenticeship contracts using SENA 

administrative data. 

From section 2 we learned that the introduction of a size-dependent regulation, as the one 

considered here, relative to a distortion-free world should: 1-Reduce direct, outsourced and 

total labor demand by constrained and distorted firms and 2-Increase the ratio of outsourced 

to direct labor for constrained and distorted firms. To empirically test these two implications, 

I estimate equation (19), which exploits the exogenous variation in the policy between 2002 

and 2003 to capture the effects of the policy introduction in labor demand using a fixed effects 

estimation. 

To link the model’s implication with the empirical test, it is necessary to accommodate the 

fact that the model implications are defined in terms of idiosyncratic productivity and this 
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 The regulation sets a quota at a rate of 1 apprentice for every 20 workers, but firms between 15 and 29 are required to hire only one 

apprentice. Further fractions of apprenticeship contracts are rounded up to the nearest integer which implies the existence of many 

thresholds in Colombia. Given that the model studies regulations with only one threshold I focus on the first threshold of compliance, 
meaning firms which are required to hire just one apprentice. The analysis of heterogeneous effects of the regulation for the other thresholds 

is left as part of a broader research agenda. 
25

Messengers, security guards, drivers and janitors are not considered to calculate the quota. 
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variable is not directly observable26. In the theoretical framework developed, in absence of 

distortions, there is a one to one relationship between idiosyncratic productivity and labor 

demand. 

 𝑦𝑖𝑡 = 𝛼𝑖 + 𝛽1𝑇𝑡 + 𝛽2𝐷2𝑖 ∗ 𝑇𝑡 + 𝛽3𝐷3𝑖 ∗ 𝑇𝑡 + 𝛽4𝑋𝑖𝑡 + 𝜇𝑖𝑡 (19) 

In this specification, 𝑦𝑖𝑡 =  𝑅, 𝑛𝑜 , 𝑛𝑑 , 𝑛𝑇 where these variables are, respectively, the ratio 

of outsourced to direct labor, outsourced labor, direct labor, and total employment.  𝑇𝑡 = 0 

if 𝑡 = 2002 and 𝑇𝑡 = 1 if 𝑡 = 2004. Recall that the regulation effect around the threshold of 

compliance with the apprenticeship contract regulation was only observed until 2004. In the 

APP I also provide results for the year 2003. 𝑤𝑖𝑡 is the corresponding average wage bill for 

each labor demand, where for total employment the total average wage bill is used. 𝑋𝑖𝑡 is a 

vector of control variables where the most important one is total factor productivity. TFP was 

estimated non parametrically using factor cost shares and is included in all regression models 

to control for the differential response of labor demand by the tree types of firms. The 

treatment dummies are defined in the year 2002 as follows: 𝐷1𝑖 = 1[ 𝑛𝑑 ≤ 13], 𝐷2𝑖 =

1[𝑛𝑑 = 14], 𝐷3𝑖 = 1[𝑛𝑑 ≥ 15]. These dummies characterize each of the three types of firms 

from the model in terms of direct labor demand. 𝐷1𝑖 is the omitted category since this group 

should not change its labor demand as a response to the introduction of the policy. These 

time invariant dummy variables are not part of equation (19) since they would be dropped in 

the fixed effects transformation. The parameters of interest are 𝛽2 and 𝛽3 which capture the 

response to policy of constrained and distorted firms, relative to firms that should be 

unaffected by the policy. 

Parameters 𝛽2 and 𝛽3 are intent to treat estimators since treatment is defined in 2002 before 

the policy reform took place. If treatment were defined in 2004, when firms have had time to 

react to the policy, it would be endogenous possibly making these estimators biased. It is not 

straight forward to state the direction of this bias. On the one hand, firms trying to avoid the 

regulation will demand less direct labor overstating the reduction in direct labor demand, 

while firms who find the policy to their advantage may increase their direct labor demand 

biasing the result downward. Finally, to take into account the fact that firms may have 
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 Productivity can be estimated using firm level information about production, input levels and expenditures. 
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experienced idiosyncratic shocks that affected their labor demand between both years, a set 

of sector indicators interacted with the time dummy will be included. The sample of plants 

for the estimation of equation (19)  will be those hiring between 10 and 29 directly hired 

workers. 

The data for this empirical exercises comes from the Colombian Annual Manufacturing 

Survey (EAM) which captures measures of direct and outsourced employment. Rather than 

a survey, EAM is a census of all Colombian manufacturing firms hiring at least 10 workers 

or production values of at least 45.000 USD. The number of manufacturing establishments 

ranges from 7.909 in 1995 to 9.809 in 2011. The data allows the estimation of total factor 

productivity and other firm outcomes such as output and revenue. 

Results 

Table 1 Shows summary statistics for all variables included in the empirical exercise for 

the years 2002, 2003 and 2004. Between 2002 and 2004, on average, total employment 

appeared to have increased, direct employment appears to reduce and outsourced labor 

appears to have increase by 8 log points. In line with the theoretical predictions the ratio of 

labor types appears to have increased as well as its dispersion. The share of firms with exactly 

14 workers decreased by almost one percentage point, while the share of firms that are subject 

to the apprenticeship contract regulation decreased by about 5 percentage points. 

Table 1 Summary statistics. Dependent and independent variables. 

 

Source: Own calculations using Colombia's Annual Manufacturing Survey. Table shows summary statistics for firms hiring between 10 

and 29 directly hired workers in each year. 

Year

Variable Obs Mean Std. Dev. Obs Mean Std. Dev. Obs Mean Std. Dev.

Log(Total Employment) 2306 2,857 0,453 1984 2,846 0,443 1883 2,864 0,457

Log(Directly Hired) 2306 2,789 0,349 1984 2,770 0,332 1883 2,765 0,330

Log(Outsourced) 2306 0,255 0,859 1984 0,287 0,886 1883 0,331 0,940

Outsourced/Directly 2306 0,144 0,799 1984 0,164 0,856 1883 0,187 0,906

1(Nd<=13) 2306 0,326 0,469 1984 0,343 0,475 1883 0,384 0,487

1(Nd==14) 2306 0,068 0,251 1984 0,069 0,253 1883 0,059 0,237

1(Nd>=15) 2306 0,607 0,489 1984 0,589 0,492 1883 0,556 0,497

TFP 2306 3,343 1,004 1984 3,338 0,974 1883 3,442 1,040

Profits (Millions $COP) 2306 -0,085 1,509 1984 -0,147 1,676 1883 0,012 1,697

Output (Millions $COP) 2306 2,151 8,140 1984 2,440 13,353 1883 2,449 8,975

Span of control 2211 4,740 3,835 1908 4,751 3,885 1803 4,899 4,231

Payroll per worker 2306 12224,420 6689,423 1984 12244,300 6938,265 1883 7267,974 3716,488

2002 2003 2004
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Panel A of Table 2 shows the effect of the regulation on the ratio of outsourced to direct 

labor demand. Results show that this ratio increased by 6 percentage points for distorted firms 

(Nd>=15 in 2002) but was not different from zero for constrained ones (Nd=14 in 2002). 

This result provides evidence that the ratio of labor types is higher in the presence of the 

apprenticeship contract for distorted firms which is consistent with implication 2. The size 

of the effect is robust to including structural and industry controls and increases to 6.6 

percentage points when both controls are included. 

Panel B of Table 2 shows the results of estimating the effect of introducing the regulation 

on the total labor demand of distorted and constrained firms. The effect for distorted firms is 

robust to the inclusion of controls and shows reductions in their total labor demand between 

12 and 14 log points after the change in the regulation. Constrained firms also showed a 

reduction in total labor demand, but of a smaller magnitude, between 7.4 and 7.9 log points. 

Panel C shows the effect on direct labor demand for both types of firms relative to 

unconstrained ones. The magnitude of these effects are similar to those of total labor demand 

for distorted firms, but about 3 log points higher for distorted firms. Finally, Panel D shows 

the effects of regulation on outsourced labor demand27. Results show negative but not 

statistically significant effects for constrained firms and positive effects between 11 and 12 

log points for distorted firms. The fact that the response in outsourced labor is lower than the 

response in direct labor demand is consistent with the theory developed and confirms the 

channel by which these firms increased the ratio of outsourced to direct labor. The increase 

in outsourced labor by distorted firms is consistent with a labor substitution effect due to the 

policy. The increase in labor demand of outsourced labor by distorted firms was unexpected, 

as the theory developed points to reductions in labor demand. Possible explanations are 

general equilibrium effects that reduced the cost of outsourced labor perhaps due to a higher 

labor supply of this labor type. 

As a robustness check to the results, Table 4 in the appendix shows the result of estimating 

a single treatment where now constrained and distorted firms are part of the treatment group 

and the control group are firms with 13 or less workers. These results confirm that most 
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 Outsourced labor displays a high number of zero values in the data which become missing when log transformed. For this reason, 

the variable was modified by adding 1 and should be interpreted as Log(Outsourced +1) number of workers. 
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effects are driven by distorted firms which make up the largest share of firms affected by the 

policy. 

Figure 2 and Figure 11 suggested the existence of heterogeneous effects for firms of 

different sizes subject to the regulation. Moreover, the effects appeared to be increasing with 

firm size. To address this question, an estimation of heterogeneous effects was performed. In 

this case distorted firms were separated into treatments, one for each level of firm size they 

had in the year 2002. Table 3 shows the results of this estimation. In general total and direct 

labor effect do increase with firm size. Although the rise is not monotonic, it is statistically 

significant for all firm sizes. In contrast, the effect on the labor ratio and on outsourced labor 

demand does not show a specific pattern relative to firm size. The effect is not statistically 

significant for firms close to the threshold of 15 direct workers. There are statistically 

significant effects for firms that in 2002 had at least 18 directly hired workers, but for all of 

them. These coefficients are larger than those estimated for the average group of distorted 

firms shown in Table 2. Firms with 18 directly hired workers increased outsourced labor in 

22.5 log points, firms with 25 and 28 workers showed an increase of 42.6 log points, while 

firms with 29 workers showed an increase of 25.4 log points. The effects on the outsourced 

to direct labor ratio was only significant for firms with 18, 21, 23, 25, 26 and 29 directly hired 

workers in 2002. The largest effect was for firms with 25 workers which showed an increase 

of 30 percentage points, followed by firms with 23 workers with 18 percentage points and 

firms with 26 workers with 15 percentage points. Firms with 18, 21 and 29 showed increases 

closer to the average estimate of Table 2 for distorted firms (6.6 percentage points). 

As in all difference in difference estimations, the identification of the causal effect of the 

apprenticeship contract on labor demand and its composition rests on the common trend hypothesis 

being true. Figure 12 through Figure 15 provide graphical evidence of the trends in the average value 

of labor demands and labor ratios from 1995 to 2011. Inspection of these trends suggest they do not 

follow a common pattern. A formal test, available upon request, of trend differences for the years 

1995-2002 was also performed, and it confirmed the absence of common trends. For this reason, the 

estimations in Table 2 and Table 3 should be interpreted as showing correlations that are consistent 

with the model’s predictions and not as the causal effect of the policy on firm’s labor demands. 

However, in the case of total and direct labor, the trends for treatment groups moved in opposite 

directions than the control group prior to the reform and then converged once the regulation was 

changed. This implies that the magnitude of the effects estimated may be underestimating the true 

effect, not overestimating it.
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Table 2 Effects of apprenticeship contract regulation on labor demand 

 

Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. Table shows the results of estimating equation 19 for the ratio of labor demands. Data restricted to the years 2002 and 2004. All 

regressions control for firm TFP which was estimated non parametrically using factor cost shares. Structural controls are: The Log Average wage bill and the share of management workers in total 

employment. Sector controls are interacted with period dummy (T=I(year=2004)).  The estimation sample includes only firms hiring between 10 and 29 directly hired workers.

(1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

VARIABLES

0.021 0.023 -0.017 0.176*** 0.118*** 0.113*** 0.347*** 0.109*** 0.106*** 0.101*** 0.347*** 0.001 0.048** 0.051*** 0.035 0.405***

[0.017] [0.017] [0.017] [0.046] [0.012] [0.011] [0.015] [0.034] [0.010] [0.010] [0.014] [0.031] [0.019] [0.019] [0.027] [0.102]

-0.003 -0.003 -0.012 -0.014 -0.075*** -0.074*** -0.077*** -0.079*** -0.068*** -0.068*** -0.071*** -0.072*** -0.044 -0.042 -0.039 -0.037

[0.022] [0.023] [0.021] [0.021] [0.024] [0.023] [0.023] [0.022] [0.023] [0.023] [0.022] [0.022] [0.037] [0.040] [0.037] [0.039]

0.059*** 0.068*** 0.061*** 0.066*** -0.140*** -0.126*** -0.131*** -0.120*** -0.167*** -0.157*** -0.160*** -0.152*** 0.107*** 0.117*** 0.111*** 0.124***

[0.021] [0.021] [0.021] [0.021] [0.014] [0.014] [0.014] [0.014] [0.013] [0.013] [0.013] [0.013] [0.027] [0.027] [0.028] [0.028]

Constant 0.115*** 0.166*** 0.097** 0.161*** 2.760*** 2.854*** 2.771*** 2.886*** 2.693*** 2.745*** 2.707*** 2.771*** 0.310*** 0.508*** 0.330*** 0.559***

[0.042] [0.054] [0.044] [0.058] [0.036] [0.044] [0.037] [0.045] [0.034] [0.040] [0.034] [0.041] [0.064] [0.092] [0.067] [0.099]

Observations 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014

Number of firms 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511

Structural controls NO YES NO YES NO YES NO YES NO YES NO YES NO YES NO YES

Industry controls NO NO YES YES NO NO YES YES NO NO YES YES NO NO YES YES

model fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe

No/Nd Ratio Log(Total Employment) Log(Directly Hired) Log(Outsourced)

Panel A Panel B Panel C Panel D

𝑇𝑡

 ( 𝑑 ≥ 15) ∗ 𝑇𝑡

 ( 𝑑 = 14) ∗ 𝑇𝑡
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Table 3 Heterogeneous of apprenticeship contract regulation on labor demand 

 

Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. Table shows the results of estimating a similar model to equation 

19 but now distorted firms have been separated into different treatments, one for each firm size from 15 to 29. Data restricted to the years 

2002 and 2004. All regressions control for firm TFP which was estimated non parametrically using factor cost shares. Structural controls 

are: The Log Average wage bill and the share of management workers in total employment. Sector controls are interacted with period 

dummy (T=I(year=2004)).  The estimation sample includes only firms hiring between 10 and 29 directly hired workers. 

5. Concluding remarks 

In this paper I studied the effect of the Colombian apprenticeship contract on labor demand. 

First, I developed a theoretical framework to guide the empirical analysis where this effect is 

estimated. I modeled the role of labor substitution in explaining the observed increases in 

outsourced (contract) labor and the absence of gaps in the total employment distribution in a 

size-dependent distortion model. The model predicts a reduction in total employment demand 

and an increase in the share of outsourced labor in total employment by firms subject to the 

regulation. Another prediction is that firms who modify their labor demand to stay below the 

regulation threshold will also increase their share for outsourced labor through labor 

(1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

VARIABLES

0.021 0.023 -0.036 -0.047** 0.118*** 0.113*** 0.024 0.005 0.106*** 0.101*** 0.048 0.034 0.048** 0.050*** -0.223** -0.231**

[0.017] [0.017] [0.023] [0.024] [0.012] [0.011] [0.039] [0.040] [0.010] [0.010] [0.035] [0.036] [0.019] [0.019] [0.101] [0.110]

-0.003 -0.002 -0.013 -0.016 -0.075*** -0.074*** -0.078*** -0.079*** -0.068*** -0.068*** -0.070*** -0.071*** -0.043 -0.041 -0.041 -0.040

[0.022] [0.023] [0.021] [0.021] [0.024] [0.023] [0.023] [0.022] [0.023] [0.023] [0.023] [0.022] [0.037] [0.040] [0.037] [0.039]

-0.012 -0.008 -0.008 0.000 -0.100*** -0.085*** -0.099*** -0.083*** -0.092*** -0.080*** -0.094*** -0.084*** -0.036 -0.025 -0.030 -0.005

[0.022] [0.022] [0.026] [0.026] [0.025] [0.024] [0.026] [0.025] [0.024] [0.024] [0.025] [0.024] [0.033] [0.032] [0.038] [0.038]

-0.009 -0.012 -0.003 -0.009 -0.129*** -0.128*** -0.118*** -0.115*** -0.127*** -0.123*** -0.119*** -0.114*** 0.011 -0.010 0.011 0.002

[0.023] [0.023] [0.023] [0.023] [0.025] [0.025] [0.026] [0.026] [0.023] [0.023] [0.024] [0.024] [0.045] [0.043] [0.047] [0.047]

-0.019 0.021 -0.003 0.049 -0.102*** -0.083*** -0.111*** -0.092*** -0.104*** -0.096*** -0.115*** -0.111*** 0.036 0.046 0.028 0.051

[0.042] [0.027] [0.052] [0.040] [0.030] [0.030] [0.030] [0.029] [0.027] [0.028] [0.026] [0.027] [0.064] [0.060] [0.066] [0.063]

0.093** 0.108** 0.079** 0.070* -0.079*** -0.047 -0.084*** -0.058* -0.129*** -0.105*** -0.133*** -0.110*** 0.200*** 0.228*** 0.205** 0.225***

[0.047] [0.050] [0.038] [0.037] [0.031] [0.030] [0.031] [0.031] [0.026] [0.026] [0.026] [0.026] [0.077] [0.082] [0.081] [0.086]

0.059 0.076 0.050 0.067 -0.137*** -0.114*** -0.142*** -0.120*** -0.150*** -0.136*** -0.147*** -0.137*** 0.026 0.060 0.003 0.050

[0.049] [0.051] [0.052] [0.055] [0.028] [0.028] [0.030] [0.030] [0.030] [0.031] [0.032] [0.033] [0.048] [0.052] [0.052] [0.053]

0.027 0.030 0.026 0.023 -0.097*** -0.091*** -0.089*** -0.087*** -0.120*** -0.116*** -0.111*** -0.110*** 0.134* 0.148** 0.133** 0.140**

[0.027] [0.028] [0.029] [0.030] [0.026] [0.025] [0.027] [0.027] [0.024] [0.024] [0.025] [0.025] [0.069] [0.070] [0.065] [0.066]

0.059 0.064* 0.063* 0.062* -0.143*** -0.128*** -0.137*** -0.122*** -0.175*** -0.169*** -0.169*** -0.159*** 0.119* 0.160** 0.100 0.128*

[0.036] [0.035] [0.036] [0.036] [0.033] [0.033] [0.034] [0.035] [0.028] [0.030] [0.030] [0.033] [0.065] [0.065] [0.067] [0.069]

0.029 0.030 0.024 0.022 -0.141*** -0.136*** -0.129*** -0.127*** -0.157*** -0.153*** -0.142*** -0.141*** 0.082 0.088 0.065 0.074

[0.028] [0.029] [0.028] [0.029] [0.031] [0.032] [0.029] [0.030] [0.031] [0.032] [0.030] [0.030] [0.060] [0.062] [0.064] [0.067]

0.171* 0.177* 0.181** 0.179* -0.128*** -0.122*** -0.118*** -0.115*** -0.197*** -0.193*** -0.191*** -0.186*** 0.230** 0.231** 0.245** 0.239**

[0.090] [0.095] [0.089] [0.093] [0.037] [0.038] [0.039] [0.040] [0.032] [0.033] [0.034] [0.035] [0.105] [0.107] [0.109] [0.109]

0.051 0.017 0.058 0.017 -0.187*** -0.191*** -0.161*** -0.169*** -0.205*** -0.192*** -0.192*** -0.180*** 0.081 0.037 0.156* 0.109

[0.047] [0.037] [0.043] [0.029] [0.030] [0.030] [0.030] [0.031] [0.027] [0.027] [0.028] [0.028] [0.078] [0.064] [0.086] [0.075]

0.258** 0.317** 0.255* 0.302** -0.240*** -0.242*** -0.231*** -0.239*** -0.361*** -0.392*** -0.366*** -0.398*** 0.290* 0.366* 0.357** 0.426**

[0.118] [0.137] [0.132] [0.150] [0.053] [0.059] [0.058] [0.064] [0.058] [0.066] [0.061] [0.067] [0.169] [0.195] [0.165] [0.184]

0.141 0.156 0.151* 0.154* -0.196*** -0.165*** -0.123*** -0.122*** -0.228*** -0.203*** -0.158*** -0.159*** 0.103 0.120* 0.125 0.132

[0.094] [0.098] [0.091] [0.093] [0.040] [0.036] [0.028] [0.028] [0.034] [0.030] [0.023] [0.024] [0.070] [0.070] [0.086] [0.084]

0.158* 0.182* 0.156 0.167 -0.262*** -0.255*** -0.277*** -0.269*** -0.320*** -0.322*** -0.333*** -0.330*** 0.171 0.179 0.172 0.170

[0.091] [0.102] [0.095] [0.105] [0.045] [0.047] [0.046] [0.047] [0.047] [0.050] [0.048] [0.050] [0.109] [0.121] [0.107] [0.119]

0.199 0.216 0.201 0.229 -0.165*** -0.150*** -0.147*** -0.127** -0.261*** -0.255*** -0.245*** -0.239*** 0.378** 0.414** 0.384** 0.426**

[0.129] [0.132] [0.144] [0.146] [0.053] [0.054] [0.055] [0.055] [0.043] [0.044] [0.045] [0.046] [0.161] [0.163] [0.173] [0.174]

0.011 0.026 0.034 0.052** -0.279*** -0.253*** -0.259*** -0.231*** -0.294*** -0.275*** -0.282*** -0.264*** 0.194* 0.203* 0.226** 0.254**

[0.024] [0.024] [0.023] [0.024] [0.039] [0.042] [0.039] [0.040] [0.035] [0.037] [0.035] [0.036] [0.112] [0.115] [0.101] [0.111]

Constant 0.108*** 0.154*** 0.093** 0.158*** 2.755*** 2.843*** 2.765*** 2.874*** 2.691*** 2.740*** 2.702*** 2.762*** 0.301*** 0.490*** 0.324*** 0.545***

[0.042] [0.055] [0.044] [0.058] [0.036] [0.043] [0.037] [0.044] [0.034] [0.039] [0.034] [0.040] [0.064] [0.091] [0.066] [0.097]

Observations 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014 4,189 4,014

Number of firms 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511 2,602 2,511

Structural controls NO YES NO YES NO YES NO YES NO YES NO YES NO YES NO YES

Industry controls NO NO YES YES NO NO YES YES NO NO YES YES NO NO YES YES

model fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe

Log(Total Employment) Log(Directly Hired) Log(Outsourced)No/Nd Ratio

Panel A Panel B Panel C Panel D

𝑇𝑡

 ( 𝑑 = 14) ∗ 𝑇𝑡

 ( 𝑑 = 15) ∗ 𝑇𝑡

 ( 𝑑 = 16) ∗ 𝑇𝑡

 ( 𝑑 = 17) ∗ 𝑇𝑡

 ( 𝑑 = 18) ∗ 𝑇𝑡

 ( 𝑑 = 1 ) ∗ 𝑇𝑡

 ( 𝑑 = 20) ∗ 𝑇𝑡

 ( 𝑑 = 21) ∗ 𝑇𝑡

 ( 𝑑 = 22) ∗ 𝑇𝑡

 ( 𝑑 = 23) ∗ 𝑇𝑡

 ( 𝑑 = 24) ∗ 𝑇𝑡

 ( 𝑑 = 25) ∗ 𝑇𝑡

 ( 𝑑 = 26) ∗ 𝑇𝑡

 ( 𝑑 = 27) ∗ 𝑇𝑡

 ( 𝑑 = 28) ∗ 𝑇𝑡

 ( 𝑑 = 2 ) ∗ 𝑇𝑡
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substitution. However, the increase in demand by constrained firms will not be enough to 

compensate total labor demand and aggregate employment will be lower if wages can’t 

adjust. These responses imply that the share of outsourced labor in total labor demand will 

be an increasing function of firm’s idiosyncratic productivity which reduces the 

misallocation effects on total factor productivity. 

I estimated “intent to treat” difference-in-difference models using the model’s predictions, 

Colombian manufacturing data and by taking advantage of the regulation design and the 

natural experiment which occurred in 2002. These estimations showed that distorted and 

constrained firms reduced total labor demand by 8% and 12% respectively. Constrained firms 

reduced their demand for outsourced labor, while distorted firms increased it by 12.4%. 

Constrained firms reduced direct labor by 7% while distorted firm did so by 15%. An analysis 

of the heterogeneous effects showed that direct labor demand effects increased with firm size. 

But it also showed that the effects on outsourced labor were explained by firms of particular 

sizes. 

From a policy perspective this paper’s results shows that the design of size-dependent 

policies must consider that firms will react to the regulation in perhaps non-intendent ways. 

In the case considered in the empirical analysis, the apprenticeship contract reduced total 

labor demand for firms between 14 and 29 workers in the manufacturing Colombian sector. 

Further, the policy induced substitution from direct contracts to outsourcing, which may be 

an inferior contract from the worker’s perspective and may reduce the incentives to invest in 

human capital by firms, as outsourced contracts are in general fixed-term contracts. The 

substitution towards outsourced labor may generate fiscal problems as employers attempt to 

avoid the regulation by turning to this contract types, since there is evidence that outsourced 

workers earn lower wages.  It may also increase labor market dualism to the extent that some 

workers may not be able to secure direct labor contracts and are instead always hired through 

temporary work agencies. 

An important theoretical result is that labor substitution is able to generate a distribution of 

total employment without gaps at the threshold which is consistent with the empirical data 

from developed and developing countries. Thus, labor substitution provides an answer to the 

“missing gap puzzle”, requiring only imperfect substitution of labor types in the production 

technology and that taxes be levied on only one type of labor. The absence of a gap at the 
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threshold does not rule out the emergence of a gap further along the distribution, a result that 

is consistent with the missing middle hypothesis. I discussed a possible explanation for this 

counterfactual result.  Firm heterogeneity in the intensity of direct labor use can generate 

jumps in the employment distribution at different levels masking the gap in the employment 

distribution. 

To discuss the implications of the model for employment I focused on the case when wages 

are downward rigid. I derived an expression to measure employment losses under wage 

rigidity relative to the undistorted economy. These losses are particularly important for 

economies where minimum wages are binding and the margin of adjustment is the extensive 

one. I showed that the availability of flexible forms of contracting can help reduce 

employment losses when firms are faced with size-dependent distortions. This result is 

consistent with evidence from the staffing industry in India. 

Many questions arise for future research. Given the recent discussions about a reform to 

the apprenticeship contract regulation, this paper’s results provide a starting point to 

understanding the effects on firm’s labor demand of this policy. It is clear that it can affect 

firm’s production and the composition of labor types in the economy. Although more 

research is needed to understand the impact of the regulation on apprentice’s employment 

and wages, more research in terms of an optimal policy design is needed as well. 

Understanding the dynamic implications of labor substitution on growth, including the 

accumulation of capital, investments on managerial and worker ability is a promising 

research agenda. Also, the substitution of labor for capital can capture other mechanisms that 

firms could use as a response to size-dependent distortions on direct labor that can affect 

productivity and growth. 
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Appendix 

Figure 10 Average ratio of outsourced labor to direct labor. 

 

Source: Own calculations using Colombia's Annual Manufacturing Survey.  All firms.  Dashed lines at years 2002 and 2006. 

Figure 11 Average ratio of outsourced to direct labor in 2002 and 2003 by firm size in 2002. 
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Source: Own calculations using Colombia's Annual Manufacturing Survey.  All firms.  Dashed lines at 15 directly hired 

workers. Figure shows the fitted ratio of workers in each year in the vertical axis against the labor demand firms had in the year 2002. 

Figure 12. Common trends test. Total employment. 

 

Graph plots the average total labor demand from 1995 to 2011 for the three groups of 

firms according to their 2002 labor demand. All firms between 10 and 29 directly hired workers. 

Figure 13. Common trends test direct labor demand. 

 

Graph plots the average direct labor demand from 1995 to 2011 for the three groups of 

firms according to their 2002 labor demand. All firms between 10 and 29 directly hired workers. 
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Figure 14. Common trends test. Outsourced labor demand. 

 

Graph plots the average outsourced labor demand from 1995 to 2011 for the three groups of 

firms according to their 2002 labor demand. All firms between 10 and 29 directly hired workers. 

Figure 15. Common trends test. Ratio of outsourced to direct labor demand. 

 

Graph plots the average ratio of labor types from 1995 to 2011 for the three groups of firms 

according to their 2002 labor demand. All firms between 10 and 29 directly hired workers. 
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Figure 16 Effect of the apprenticeship contract on labor demand. 2002-2003. 

 

Robust Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 Treatment is defined as the number of workers in 2002.

(1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

VARIABLES

-0.001 -0.001 -0.058*** 0.589*** 0.058*** 0.053*** -0.052*** 0.053*** 0.055*** 0.050*** -0.028** -0.105*** 0.026** 0.024* -0.077*** 0.086***

[0.008] [0.008] [0.015] [0.014] [0.008] [0.008] [0.013] [0.017] [0.007] [0.007] [0.012] [0.016] [0.013] [0.013] [0.027] [0.026]

0.000 -0.002 -0.002 -0.006 -0.042** -0.045*** -0.050*** -0.051*** -0.038** -0.040** -0.047*** -0.047*** -0.038 -0.039 -0.026 -0.028

[0.010] [0.011] [0.014] [0.014] [0.018] [0.016] [0.017] [0.017] [0.017] [0.016] [0.016] [0.016] [0.023] [0.024] [0.025] [0.026]

0.039*** 0.040*** 0.042*** 0.041*** -0.083*** -0.077*** -0.081*** -0.074*** -0.097*** -0.090*** -0.096*** -0.089*** 0.045** 0.043** 0.049*** 0.048**

[0.012] [0.012] [0.012] [0.012] [0.010] [0.010] [0.010] [0.010] [0.009] [0.009] [0.009] [0.009] [0.019] [0.019] [0.019] [0.019]

Constant 0.230*** 0.261*** 0.222*** 0.258*** 2.840*** 2.934*** 2.844*** 2.949*** 2.731*** 2.802*** 2.737*** 2.816*** 0.379*** 0.476*** 0.387*** 0.497***

[0.056] [0.074] [0.056] [0.075] [0.043] [0.057] [0.043] [0.059] [0.037] [0.047] [0.036] [0.048] [0.116] [0.146] [0.119] [0.149]

Observations 4,290 4,119 4,290 4,119 4,290 4,119 4,290 4,119 4,290 4,119 4,290 4,119 4,290 4,119 4,290 4,119

Number of firms 2,445 2,360 2,445 2,360 2,445 2,360 2,445 2,360 2,445 2,360 2,445 2,360 2,445 2,360 2,445 2,360

Structural controls NO YES NO YES NO YES NO YES NO YES NO YES NO YES NO YES

Industry controls NO NO YES YES NO NO YES YES NO NO YES YES NO NO YES YES

model fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe

No/Nd Ratio Log(Total Employment) Log(Directly Hired) Log(Outsourced)

Panel A Panel B Panel C Panel D

𝑇𝑡

 ( 𝑑 ≥ 15) ∗ 𝑇𝑡

 ( 𝑑 = 14) ∗ 𝑇𝑡
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Table 4 Effect of the apprenticeship contract on labor demand. 

 

Robust Standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 Treatment is defined as having 14 or more workers in 2002, which includes distorted and constrained firms

(1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4) (1) (2) (3) (4)

VARIABLES

0.021 0.023 0.371*** 0.173*** 0.118*** 0.113*** 0.223*** 0.110*** 0.106*** 0.101*** 0.098*** 0.004 0.048** 0.051*** 0.073*** 0.399***

[0.017] [0.017] [0.020] [0.046] [0.012] [0.011] [0.014] [0.034] [0.010] [0.010] [0.013] [0.031] [0.019] [0.019] [0.027] [0.102]

0.053*** 0.061*** 0.054*** 0.058*** -0.134*** -0.121*** -0.126*** -0.116*** -0.157*** -0.148*** -0.151*** -0.144*** 0.092*** 0.101*** 0.097*** 0.107***

[0.020] [0.020] [0.020] [0.020] [0.014] [0.013] [0.014] [0.014] [0.013] [0.013] [0.013] [0.013] [0.026] [0.026] [0.027] [0.027]

Constant 0.172*** 0.202*** 0.151*** 0.194*** 2.794*** 2.891*** 2.807*** 2.925*** 2.709*** 2.767*** 2.726*** 2.796*** 0.364*** 0.560*** 0.380*** 0.606***

[0.042] [0.054] [0.044] [0.058] [0.036] [0.044] [0.037] [0.045] [0.034] [0.040] [0.034] [0.041] [0.064] [0.093] [0.067] [0.100]

Observations 4,460 4,264 4,459 4,263 4,460 4,264 4,459 4,263 4,460 4,264 4,459 4,263 4,460 4,264 4,459 4,263

Number of firms 2,873 2,761 2,872 2,760 2,873 2,761 2,872 2,760 2,873 2,761 2,872 2,760 2,873 2,761 2,872 2,760

Structural controls NO YES NO YES NO YES NO YES NO YES NO YES NO YES NO YES

Industry controls NO NO YES YES NO NO YES YES NO NO YES YES NO NO YES YES

model fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe fe

Log(Total Employment) Log(Directly Hired) log(Outsourced)No/Nd Ratio

Panel A Panel B Panel C Panel D

𝑇𝑡

 ( 𝑑 >= 14) ∗ 𝑇𝑡
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Abstract

In this paper I evaluate the intent to treat local average treatment effects of the
Colombian apprenticeship contract on manufacturing firm dynamics taking advantage
of an exogenous variation generated by the reform it went through in 2002 and the
regulation design. This evaluation is appealing because very little is known about the
effects of apprenticeship policies on firm dynamics in developing countries. Moreover,
this regulation has been in place for more than a decade but has not been evaluated.
Results using a regression discontinuity design (RDD) which compares small firms
subject to the regulation and those that are not, shows positive effects on output per
worker (10 log points) and total factor productivity (20 log points). It also shows a
negative effect on the average wage bill of directly hired workers (9 log points). These
results suggest that small firms which became subject to the regulation adjusted their
labor force more efficiently, thus increasing productivity but did not share these gains
with their workers through higher wages.

Keywords: Apprenticeships, firm productivity, regression discontinuity design.
JEL Classification: C21, D22, O47

∗This paper is the second chapter of my doctoral dissertation. I thank Marcela Eslava for her valuable
mentorship during this project. All errors are my own.
†I acknowledge funding for this research project from the CEDLAS’ Grant for Graduate Thesis compe-

tition 2015. I thank an anonymous referee from CEDLAS for her helpful comments and suggestions to an
earlier draft.
‡I thank my dissertation committe for their valuable comments and suggestions. They are: Juan Esteban

Carranza, Pablo Lavado, Carlos Medina and Andrés Zambrano.

1



1 INTRODUCTION

1 Introduction

The use of apprenticeship contracts is widespread in Latin America1. These regulations fre-
quently link the use of apprenticeship contracts to firm size, either by limiting the maximum
number of apprentices, or even by imposing quotas based on the number of regular work-
ers. As such, regulations on apprenticeship contracts frequently fall within the category of
size-dependent policies.

The impact of size-dependent policies on the efficiency of an economy has received increasing
attention in the growth literature. Guner et al. (2008) have studied the effect of such policies
for the size distribution of firms, productivity and output. In the first chapter I showed that
labor substitution as a response to the apprenticeship contract can affect the allocation
and composition of labor among firms (Ospino, 2016). Understanding the effects of the
apprenticeship contract on firm productivity, wages and capital accumulation is vital to
designing policies that consider how firms are affected, since most evaluations only consider
the effects of policies on those that receive training.

In this paper I take advantage of the exogenous variation in the apprenticeship contract in
Colombia which made small firms subject to this regulation. I exploit the regulation’s design
to identify the effects on small firm outcomes of the use of apprenticeship contracts. This
regulation and the relevant features for the analysis are discussed in section 2. The paper
is related to at least three different branches of the economics literature. A set of studies
focuses on the impact of size-dependent policies on firm outcomes. This literature is both
theoretical and empirical and finds that restrictions on the use of capital or labor which are
conditional on firm size can have important effects on aggregate productivity. Such policies
can explain the emergence of smaller firms which shift the size distribution to the left (Guner
et al., 2008; Braguinsky et al., 2011; Garicano et al., 2013).

In their model, Guner et al. (2008) find that restrictions on labor use have larger effects
on output, firm size and productivity, than restrictions on capital use because there are
general equilibrium effects, where the most important are lower wages and the creation of
smaller firms. The mechanism is the following. Higher labor costs reduce total labor demand
which lowers wages. Lower wages make less productive firms profitable and induces the
emergence of smaller firms. In this sense, Braguinsky et al. (2011) and Garicano et al. (2013)
provide evidence on size-dependent labor regulation in Portugal and France respectively,
which affects labor allocation and productivity. Braguinsky et al. (2011) argue that the level
of employment protection in Portugal, which they consider among the highest in OECD
countries, explains a size distribution of firms shifted to the left with respect to countries
with less restrictive regulations. Their argument is that employment protection regulation
affects disproportionately larger firms than smaller ones, thus providing incentives to reduce
size. Finally, Garicano et al. (2013) argue that employment protection laws that affect firms
with at least 50 workers in France, explain important dead-weight losses that can be as
high as 5% of GDP. The current paper contributes to this literature by providing empirical

1 ILO’s CEINTERFOR reports the existence of regulation for many Latin American countries includ-
ing: Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Honduras, Peru, Panama, and
Uruguay. http://www.oitcinterfor.org/jovenes/contratos-aprendizaje
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1 INTRODUCTION

evidence of how a size-dependent regulation in a developing country affects the allocation of
labor and capital around the threshold where the regulation kicks in.

A second group of studies focuses on the impact of apprenticeship contracts and other forms
of training on firm labor productivity. The main message from this literature is that evaluat-
ing training policies by just focusing on the wages of trainees is insufficient to capture all the
benefits of training, since it ignores increases in labor productivity. It finds that labor pro-
ductivity gains can be twice as much as wages gains, but these gains differ across economic
sectors (Dearden et al., 2006; Mohrenweiser and Zwick, 2009; Konings and Vanormelingen,
2010). Dearden et al. (2006) find that the impact of training on wages is half the impact on
firm labor productivity (0.35 and 0.60, respectively), thus providing evidence of the underes-
timation of the impacts of training when using wages alone. They also show that this result
is driven by sectors with low wages, suggesting that the monopsony power by firms in these
sectors allows for the difference between wages and productivity gains. Mohrenweiser and
Zwick (2009) use matched employer-employee level data to estimate the impacts of training
apprentices on productivity measures of German firms between 1997 and 2002. The paper’s
main contribution is testing whether all sectors face costs of increasing the share of appren-
tices, something that was taken for granted in the literature; they do this by considering
apprentices in different types of occupations: manufacturing, craft and construction, and
commercial occupations, within firms. In particular, only in the manufacturing sector an
increase in the share of apprentices reduces net profits, but has no effect on labor produc-
tivity (measured as value-added per worker). Konings and Vanormelingen (2010) study how
voluntary job training undertaken by Belgian firms affects firm productivity. They use a
panel of firms that report detailed information about training expenditures, the intensity
of training and the share of trained workers. They find that the productivity premium for
trained workers relative to those that did not receive training is 23% while the wage premium
is 12%. They conclude that in this context it is optimal for firms to provide training since
productivity rises by a higher factor than the rise in wages. This effect is known as wage
compression (Acemoglu and Pischke, 1999). While this literature has assessed the effect of
voluntary training on workers and firms, in Colombia apprenticeship contracts are manda-
tory. This type of regulation has not been assessed and constitutes a relevant contribution
to the training literature.

Finally, the paper is related to the literature about the effects of labor regulation reforms
on the manufacturing sector’s performance (Besley and Burgess, 2004; Eslava et al., 2004).
Besley and Burgess (2004) exploit state level variation over time in amendments to the
Industrial Dispute Act (IDA) of 1947, using data from 1958 to 1992 and find that pro-worker
legislation in India had a negative effect on investment, employment, productivity and output
of formal manufacturing firms. It also increased informal manufacturing activity. Eslava
et al. (2004) studied the role of factor allocation and demand shocks in explaining changes
in productivity after several reforms took place in Colombia in the early 1990’s. While their
focus is not exclusively on labor reforms, they find that after the reforms in the 90’s the
allocation of production towards more productive firms increased total factor productivity.
The current paper provides evidence of how a particular size-dependent regulation reform
to a flexible form of contracting that took place in 2002 and has not yet been evaluated
affected manufacturing firms’ performance in an institutional context which is different from
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India but that nonetheless shares some similarities. For example, Ospino (2016) shows that
the change in the apprenticeship contract regulation is associated with an increase in the
use of outsourced labor contracts in Colombia. Bertrand et al. (2015) show that the IDA, a
size-dependent regulation, is associated with the increased use of contract labor from staffing
companies by Indian firms with more than 100 workers. Bertrand et al. (2015) find that the
availability of a flexible form of contracting allowed firms to invest in risky projects, increase
total labor demand and cope with demand shocks in spite of the tight labor regulation they
are subject to. Therefore, I will test whether the observed labor outsourcing by Colombian
small manufacturing firms as a response to the apprenticeship contract is associated with
capital investment decisions by firms.

The paper is structured as follows. The first section is this introduction. In section 2 I
look at the relevant features of the regulation which are important for its evaluation. In
section 3 I explain the empirical approximation to evaluate the effects of this policy on firm
performance. In section 4 I discuss validity tests for the empirical approximation as well as
the results of the econometric exercises. Finally section 5 ends with a discussion of the main
findings and its implications for public policy. In the Appendix I provide additional results
and robustness checks for the main exercise.

2 Regulatory framework

2.1 Regulation before 2003.

Law 188 of 1959 established the nature of the apprenticeship contract as a labor contract.
Apprentices were employees of the firm and the labor code regulated this working relation-
ship. Their salary could not be lower than 50% of the minimum wage and it had to increase
as the apprentice gained knowledge in her craft until it reached at least a full minimum
wage. Decree 2838 of 1960 established that employers with more than US$15,0002 in capital
or more than 20 permanent workers, had the obligation of hiring apprentices. The number
of apprentices could not exceed 5% of firm personnel. Given that apprenticeships could
only be hired for occupations defined by the labor ministry based on recommendations by
SENA (Colombia’s vocational and training institution), only students of programs offered
or recognized by SENA could be hired using apprenticeship contracts. The prevalent form
of compliance with the regulation was modifying regular workers labor contracts and pro-
viding time for training. This practice allowed employers to train their workforce at SENA’s
nocturnal programs while these continued to work in their regular daily shift. Such an al-
ternative allowed firms to comply with the regulation without affecting their labor force or
reducing production. Accordance 007 of 2000 established that the regulated quota would
be determined using the number of skilled workers at the firm. The amendment defined
skilled worker as those in the list occupations for which an apprenticeship contract could

2$100,000 Colombian pesos of the time, converted using the exchange rate provided by Colombia’s central
bank.
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be signed. In practice 3 the apprenticeship quota was calculated using only the number
of non-production regular workers which was known as the “administrative staff” at the
firm.

2.2 Regulation after 2003.

Law 789 of 2002 was a major labor reform approved on December 27 of that year, which
overhauled among other things, the apprenticeship contract regulation. For example, article
30 changed the legal nature of the apprenticeship contract from a regular labor contract to a
special form of hiring which no longer implied an employer-employee relationship. The law
limited the duration of each contract to a maximum of 2 years and stated that apprentices
must receive a monetary stipend. Thus, starting in January of 2003 apprentices were no
longer considered firm employees. This same article established that compensation will be
as follows: 50% of a minimum wage during the classroom training phase and 75% for the
duration of the on-the-job training phase (100% of a minimum wage in the case university
students4.).

Article 32 states that firms which hire at least 15 workers in any sector, except in construc-
tion, are obligated to hire apprentices for the occupations related to their economic activity.
Article 33 defined the regulated quota (RQ) as the minimum number of apprentices the firms
must hire. Firms subject to regulation must hire one apprentice for every 20 regular workers,
and they must hire an additional apprentice if the number of workers is a multiple of 10.
Therefore firms between 15 and 29 direct workers must hire one apprentice, firms between
30 and 49 workers must hire two, those between 50 and 69 workers must have three appren-
tices and so on5. This same article states that if the apprenticeship contract were to end
for any reason, the firm must replace the apprentice so that it always fulfills its RQ. Article
34 established an alternative way of complying with the RQ, which is called “monetizing”.
Under this option firms must pay a monthly fee to SENA. It is calculated by multiplying 5%
of their labor force size, excluding contractors and temporary workers, times the minimum
wage. Article 35 established that the apprentice selection process will be carried out by firms,
but current or past employees can’t be hired under apprenticeship contracts. Apprenticeship
contracts cannot be renewed once they’ve expired which implies that the same person can
not be an apprentice more than once while obtaining a degree.

Apprenticeship contracts require firms to incur in other costs. In addition to an apprentice’s
compensation, decree 933 (Signed in april) of 2003 established that firms must pay health
and professional risk insurance for apprentices as if they earned a full minimum wage6. Given

3I thank Lizeth Cortés for providing helpful information to understand the details of the previous regu-
lation

4University students can only be hired during the on-the-job training phase.
5University students can only be hired to fulfill maximum 25% of the regulated quota.
6In Colombia the minimum wage is high and binding (Maloney and Mendez, 2004). Non-wage labor

costs in Colombia include severance payments, health and pension contributions, payroll taxes, two annual
bonuses, vacation compensation, and a transportation subsidy, all of which amounts to 66.6% for minimum
wage workers (Mondragón-Vélez et al., 2010).
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that apprentices are not considered firm workers they are less costly than a minimum wage
worker during their productive phase. (Health costs amount to 8.5% while professional risk
insurance range from 0.348% to 8.7%, depending on the economic activity of the firm. See
footnote 5). A transitory paragraph in article 11 established that firms for which SENA had
not established the RQ must do so themselves within 2 months of the decree’s publication.
Therefore in practice, all firms must have complied with the new regulation by June of
2003. Paragraph 1 allowed firms with less than 15 regular workers to voluntarily have one
apprentice even though these firms are in no obligation to do so. Paragraph 2 of article 11
allows the firm to split the RQ among its different plants according to its needs. Paragraph
3 allows firms to hire up to twice its RQ as long as the firm does not reduce the number
of regular employees used to calculate the quota. Article 14 established the sanctions for
not complying with the RQ in the amount of a full minimum wage for every apprentice not
hired or monetized, in addition to the amount due, including interest.

In short, the current regulation applies to a broader group of firms (especially small firms)
than before the reform took place since the quota is calculated based on the total number
of regular workers and not just non-production staff. In practical terms this modification
more than doubled the number of apprenticeship contracts between 2002 and 2003 from
33,000 to 72,000 per year across all economic sectors. However, it isn’t clear whether the
regulation generated more costs than benefits for firms. While apprentices cost less during
their productive phase than minimum wage workers7, firms are required to pay for them
even during their classroom training which becomes a net cost since classroom training can
be as long as three quarters of the apprenticeship contract’s duration.

Finally, firms subject to the regulation face other administrative costs which are not easy
to quantify. For example, in July and December of every year firms must fill out forms
informing SENA whether the number of workers hired during the past semester changed in
a way which affects its RQ. In these forms firms must detail the number of workers in each
occupation and the number of hours they work in a typical week. Once the form is filled
out, firms must wait for the expedition of a legal document (Resolución) which determines
the new official quota. Further, selection and interview of apprentices must be performed
exclusively from the pool of candidates SENA lists in its website and the firm must incur in
the affiliation costs of apprentices to social security and professional risks insurance. These
administrative costs are more likely to be important for firms around the first threshold of
compliance with the apprenticeship contract since it implies incurring in the learning costs
of complying with a new regulation.

3 Empirical approximation

I now describe the data, the variables of interest and the econometric models to be used in
estimating the impact of apprenticeship contracts on firm dynamics.

7The apprenticeship contract regulation states that if the national unemployment rate falls below 10%
apprentices must be paid a full minimum wage. The unemployment rate didn’t reach single digit levels in
Colombia until 2010.
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3.1 Data 3 EMPIRICAL APPROXIMATION

3.1 Data

The data for the main analysis comes from Annual Manufacturing Survey (EAM by its ini-
tials in spanish) for the years 2001-20048. Rather than a survey as its name suggests, EAM is
a census of all formal manufacturing Colombian firms who hire at least 10 employees or gen-
erate an output value of at least 35,000 USD. The number of manufacturing establishments
range from 7.909 in 1995 to 9.809 in 2011. It has very detailed information on output, sales,
asset investments and intermediate materials consumption, as well as labor demands broken
down by different worker categories (e.g. temporary, permanent, men, women, skilled, man-
agerial, production, non-production.) This information allows the estimation of production
functions from which TFP is recovered. The data are proprietary, administered by the Na-
tional Statistical agency (DANE) and must be accessed on-site at DANE’s External Special
Processing Room (SPEE for its initials in spanish).

3.2 Construction of outcome and control variables

All monetary variables are expressed in 2011 prices using DANE’s producer price index (IPP).
The IPP varies by industry class at the two digit ISIC code (CIIU Revisión 3 AC).

Output.–It is measured as the wholesale value of all goods manufactured by the estab-
lishment net of indirect taxes.

Investment.–It is constructed as the net purchases of assets, excluding buildings and
land.

Capital.–It is constructed using the iterative equation Kt = Kt−1 ∗ (1− δ) + It. Where
δ is the depreciation rate (which was set to 5%) and It is asset investment by firms.
The capital measure also excludes buildings and land purchases or sales.

TFP.–Total factor productivity was constructed using the production function esti-
mates obtained by Eslava et al. (2004) for the Colombian manufacturing sector. These
authors estimate the Cobb-Douglas production function, f(k, l, e,m) = Akαlβeγmσ.
Where k is capital, l is labor, e is electrical energy consumption measured in Kilo-
watts and m is intermediate materials. Thus, log(TFP )[log(A)] = log(Output) −
log(f(k, l, e,m))9.

Skilled and Unskilled labor.–Skilled labor is defined as production professionals and
technicians, while unskilled labor is defined as production laborers and operators. Both
categories exclude non production workers and apprentices.

8I also constructed a longer longitudinal version of the dataset for the period 1995-2011 following the
methods proposed by Eslava and Melendez (2011). This latter dataset was used to test the validity of using
a difference-in-difference approximation for the current analysis.

9A second method to estimate production function parameters was used. Each parameter is estimated as
the average factor share, across firms and industries during the period 2000-2002. In this case, the parametric
Cobb-Douglas production function only uses capital, labor and intermediate materials. The two estimates
are highly correlated. The results using this measure are available upon request
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Wage bill.–Direct labor wage bill, includes wages of permanent and temporary workers
directly hired by the firm but excludes social security payments and benefits of these
workers. Outsourced labor wage bill includes the payments of all production workers
hired through temporary third party agencies.

3.3 Empirical strategy

An empirical evaluation of the impact of the Colombian apprenticeship contract on firm
outcomes is appealing for several reasons. The natural experiment generated by the reform
allows the estimation of the causal effect of this regulation on measures of firm productivity
such as total factor productivity (TFP) and output per worker. It also allows to test whether
this regulation had an impact on the substitution of capital for labor and on firm investment.
While Ospino (2016) showed that the apprenticeship contract is associated with a reduction
in total labor demand and the substitution between direct and outsourced labor, his model
did not incorporate capital and thus was not able to answer whether firms also substituted
labor for capital as a response to the policy. Finally, In addition to its negative effects on
labor demand this regulation could have affected worker wages. Therefore, an evaluation of
its effects on the average expenditures on workers wages will be carried out.

The 2002 reform to the apprenticeship contract regulation affected firms in two ways: 1)
Many small firms that were not subject to the apprenticeship contract regulation before
2002 were required to do so starting in 2003. 2) The regulation that is currently in place
generates heterogeneity in the share of apprentices that firms must hire. These shares change
discontinuously at specific thresholds. This paper exploits the first feature and leaves the
second one to be addressed in a subsequent paper10. Finally, the Colombian apprenticeship
contract is similar to the ones used in other Latin American countries. The main difference
is its compulsory quota but it is a useful regulation for the analysis of how apprenticeship
contracts affect firm performance. Apprenticeship contract regulations are a topic of regional
interest11.

To evaluate the impact of being subject to the apprenticeship contract, a suited methodolog-
ical approach is a Difference-in-Difference (DD) estimation because it exploits the fact that
before the regulation changed some small firms were not subject to the regulation and in
spite of the change they are still not required to comply with it while other firms of similar
size are. Unfortunately, the empirical analysis in section 5.2 of the Appendix shows that the
assumptions necessary for the DD estimation do not hold. In particular I found evidence of
anticipation effects and trends did not follow a common growth pattern. Given these find-
ings and to take advantage of the regulation threshold which separates similar firms from

10An earlier version of this paper estimated the impact of the share of apprentices on the outcomes of
interest for several thresholds. For consistency with the first chapter in this dissertation which restricts the
analysis to the first threshold, the committee recommended that the other thresholds be studied in another
paper.

11See http://blogs.iadb.org/trabajo/category/aprendices/ for a series of blogs on the subject by
The Inter-American Development Bank
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having to comply with the apprenticeship contract, a regression discontinuity design was
preferred.

As discussed, the changes introduced by the 2002 reform can be exploited under a regression
discontinuity design (RDD) to determine the effects of the apprenticeship contract on firm
performance. This methodology relies on the similarities of the groups which are being
compared. Firms locating before the threshold of compliance with this regulation were likely
to be similar to those which have to comply with it before the regulation changed. Notice
first that the 2002 regulation changed the threshold level of compliance with the regulation
from 20 to 15 workers. And second, it changed the type of workers considered to determine
the mandatory quota from management staff to all directly hired workers. Therefore it’s
very likely that firms had no incentives to change their directly hired labor demand at the
threshold of compliance with the regulation before the reform was in effect. If firms cannot
perfectly modify the number of directly hired workers to avoid compliance, then having to
comply with the regulation is “as good as” randomly assigned at the threshold, and a RDD
may be valid (Lee and Lemieux, 2009).

The validity of the RDD rests on the imperfect capacity of firms to control the assignment
variable (the number of directly hired workers in the apprenticeship contract regulation),
therefore such limited capacity is assumed. If it’s costly for firms in the short run to adjust
the number of directly hired workers, then these firms will not fire workers in order to avoid
being subject to the regulation. This could be due to a number of legal factors such as
severance payments and contractual clauses, or economic factors such as positive demand
shocks and technological requirements in the production process.

As a technical point, implementing the RDD to evaluate the apprenticeship contract must
consider the fact that the assignment variable, the number of directly hired workers at the
firm, is discrete. In this case the limit of the expected value of the outcome of interest as we
get arbitrarily close to the threshold from either side does not exist and thus the only way to
identify the model parameter of interest is through a parametric estimation (Lee and Card,
2008; Gelman and Imbens, 2014). I will follow the standard practice of clustering standard
errors at each level of the assignment variable as suggested by Lee and Card (2008). Doing
this takes into account the correlation of firms that have the same number of directly hired
workers.

yij = β0 + β1Dij +m(Ndij, p)γp +Dij ×m(Ndij, p)αp + µij (1)

The model to be estimated is given by equation (1). The assignment variable Ndij is the
number of directly hired workers by each firm in 2002. It has been normalized so that it
takes the value of zero at the threshold cut-off value (15 directly hired workers). i indexes
firms and j indexes each discrete value of directly hired workers by firms, since standard
errors are clustered at this level. The advantage of this normalization is interpreting β0 as
the expected value of the outcome at the threshold for firms not subject to the regulation.
Dij = 1[Ndij ≥ 0] is an indicator variable that identifies firms that hired between 15 and 24
directly hired workers in 2002. m(Ndij, p) is a row vector of a second degree polynomial of
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Ndij which is also defined in 200212. Dij ×m(Ndij, p) allows polynomial slopes to differ for
firms below and above the threshold of compliance.

β1 is the parameter of interest and captures the intent-to-treat (ITT) impact of the appren-
ticeship contract on firm outcome y since E[y|Ndij = 0, Dij = 1] − E[y|Ndij = 0, Dij =
0] ≡ β1. It estimates the ITT parameter since outcomes are measured in the year 2004, but
treatment and assignment variable polynomials are defined using the observed direct labor
demand in 2002. The analysis takes the year 2004 as the main estimation sample for two
reasons: 1) Ospino (2016) shows that firm labor demand responded to the change in the
apprenticeship contract regulation starting in 2004. 2003 appeared to be a transition year
since as discussed amendments to the regulation were introduced as far as June of that year.
2) In the year 2003 the number of apprentices hired was not reported in the data and these
must be subtracted from total employment as apprentices are not considered, by regulation,
firm workers. Moreover, since having an apprentice implies being the subject of regulation,
per worker variables would by construction be lower at the threshold for treated firms. For
these reasons Dij determines whether firms should have been subject to the apprenticeship
contract given their direct labor demand in 2002.

4 Results

4.1 Assumptions and validity tests

In this section I carry out standard assumptions and validity test for RDDs to make sure
the approximation is appropriate for the current evaluation.

Changes in outcomes at the threshold

As Imbens and Lemieux (2008) suggest, graphical analysis is an integral part of the RDD. In
this section I show non parametric estimations of the outcome variable around the cutoff value
which should provide insights for whether there are any effects of the regulation. Figures 2-
?? show quadratic non parametric fit graphics that plot the relationship between outcomes
in the year 2004 and direct labor demand in 2002. These figures show that in all cases
the slopes of the quadratic functions appear to be different for treatment and control firms
which provides empirical support for estimating different slopes in equation (1). While point
estimates appear to differ at the threshold, the 95% confidence intervals are so wide that one
can not reject the null hypothesis of being equal. This second point suggests the inclusion
of baseline covariates which may help reduce the sample variability of the estimators (Lee
and Lemieux, 2009).

12A second degree polynomial was used since it provides sufficient functional flexibility and Gelman and
Imbens (2014) warn against the use of higher order polynomials in RDD estimations.
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Figure 1: Average Log output per total number of workers

Source: EAM 2004. Figure plots quadratic fits of the outcome variable for treatment and control firms. x’s represent the average value of the
outcome for each level of the assignment variable. Shaded areas contain a 95% confidence interval for the estimation.

Figure 2: Average of Log capital per total number of workers

Source: EAM 2004. Figure plots quadratic fits of the outcome variable for treatment and control firms. x’s represent the average value of the
outcome for each level of the assignment variable. Shaded areas contain a 95% confidence interval for the estimation.
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Figure 3: Average Log Total Factor Productivity

Source: EAM 2004. Figure plots quadratic fits of the outcome variable for treatment and control firms. x’s represent the average value of the
outcome for each level of the assignment variable. Shaded areas contain a 95% confidence interval for the estimation.

Figure 4: Average Log Investment

Source: EAM 2004. Figure plots quadratic fits of the outcome variable for treatment and control firms. x’s represent the average value of the
outcome for each level of the assignment variable. Shaded areas contain a 95% confidence interval for the estimation.
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Figure 5: Average Skilled/Unskilled ratio

Source: EAM 2004. Figure plots quadratic fits of the outcome variable for treatment and control firms. x’s represent the average value of the
outcome for each level of the assignment variable. Shaded areas contain a 95% confidence interval for the estimation.

Figure 6: Average Log Directly hired wage bill

Source: EAM 2004. Figure plots quadratic fits of the outcome variable for treatment and control firms. x’s represent the average value of the
outcome for each level of the assignment variable. Shaded areas contain a 95% confidence interval for the estimation.
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Figure 7: Average Log Outsourced hired wage bill

Source: EAM 2004. Figure plots quadratic fits of the outcome variable for treatment and control firms. x’s represent the average value of the
outcome for each level of the assignment variable. Shaded areas contain a 95% confidence interval for the estimation.

No manipulation and local continuity
In this section I show the results of the McCrary (2008) test of no manipulation. Local
continuity tests of baseline covariates are presented in the Appendix13.

13Firm age showed a statistically significant difference of one year. Firms that in 2002 had a labor demand
of directly hired workers that would make them subject to the apprenticeship contract regulation had been
founded a year before firms that would not be subject to it.
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Table 1: Parametric McCrary (2008) test of no manipulation

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Dependent variable is the Log number of firms at each size level. Regression includes a second degree

polynomial and interactions with treatment variable. Standard errors clustered at the assignment variable level.

Table ?? shows the results of performing a parametric version of McCrary (2008) test of no
manipulation by estimating model (1) on a sample of the average values of each variable for
each level of Nd ∈ (5, 24). The dependent variable is the Log number of firms at each level of
direct labor demand. The parameter of interest is D15 which test whether the (log) number
of firms is statistically different before and after the regulation threshold. The coefficient for
the treatment variable is not significant for the +/−6 and +/−4 samples. This implies that
the hypothesis that the assignment variable is continuous at the threshold of compliance with
the regulation can not be rejected and provides evidence of no manipulation of the running
variable. In section ?? of the Appendix I show that the test is robust to using the number
of firms at each level of direct labor demand, and that the result holds for the +/−4 sample
when D15 is defined using the observed direct labor demand in the year 2004.

4.2 Estimation results

Table 3 shows the results of estimating equation (1) for the first threshold of compliance with
the apprenticeship contract regulation. All columns include a second degree polynomial and
interactions with the treatment variable, which is measured in the year 2002. Columns
(1)-(4) do not include any controls, columns (5)-(8) include baseline controls and columns
(9)-(12) add industry indicators. Baseline controls, measured in 2002, are: The log value
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of intermediate materials used in production, the log value of electrical energy consumption
in production and firm age, measured as the number of years since it was created. Each
group of regressions uses different samples around the threshold of compliance with the
apprenticeship contract. My preferred specification is column (12) which controls for baseline
covariates, industry of economic activity and uses the sample of firms between 11 and 18
directly hired workers in 2002 (the +/ − 4 sample). Recall that the estimated coefficients
must be interpreted as intent-to-treat effects.

Results in Panel A, show that the apprenticeship contract had a positive effect on output
per worker. It increased labor productivity by 10 log points. The increase in output per
worker is consistent with the fact that firms subject to the regulation reduced their total
number of workers (Ospino, 2016). Panel B shows evidence of substitution of labor for
capital at the margin, which is consistent with the findings of theoretical size-dependent
distortion models. These models predict that at the margin firms are constrained in their
labor demand and will substitute labor for capital (Guner et al., 2008) or other untaxed
workers (Ospino, 2016). The estimated effect is an increase of 52 log points in capital per
worker. Panel C shows a positive effect of the apprenticeship contract regulation on firm
TFP. Total factor productivity increased by 20 log points as a result of the apprenticeship
contract for firms subject to the regulation. Panel D shows that once I control for industry,
the negative effect of the apprenticeship contract on firms investment disappear. Panel E
shows that being subject to the apprenticeship contract regulation did not affect the ratio of
skilled to unskilled labor. This result provides evidence that labor substitution of direct for
outsourced labor did not affect the skill composition of production workers. Panel F shows
that the apprenticeship contract reduced the average wage bill of directly hired workers by
9 log points which suggests that productivity gains were not shared with workers through
higher wages. In contrast, Panel G shows that the regulation did not have an effect on the
average wage bill of outsourced labor.
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Table 2: Parametric RDD estimation results

Panel A: Log Output per worker

Panel B: Log Capital per worker

Panel C: Log Total Factor Productivity

Panel D: Log Investment

Standard errors clustered at the assignment variable level shown in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1.

Treatment: Firms with 15-29 direct workers in 2002. Control: Firms with less than 15 workers in 2002. Regression includes a second degree

polynomial and interactions with treatment variable.
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Table 3: Parametric RDD estimation results (Continued)

Panel E: Skilled/Unskilled Ratio

Panel F: Log Average wage bill-Direct labor

Panel G: Log Average Wage bill-Outsorced labor)

Standard errors clustered at the assignment variable level shown in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1.

Treatment: Firms with 15-29 direct workers in 2002. Control: Firms with less than 15 workers in 2002. Regression includes a second degree

polynomial and interactions with treatment variable.

As a robustness check, in section 5.1 of the Appendix, I show that most outcome variables
do not show significant effects in the year 2002, for different bandwidth samples. The two
exceptions are, the capital per worker ratio and firm investment. These two variables showed
positive coefficients of 57.4 and 39.5 log points respectively, which suggests firms capital
accumulation decisions might have been affected by other policies or that firms reacted in
expectation to the regulation. For the other variables, the lack of anticipation effects provide
further assurance that the results found appear to be the effect of the policy and not of firms
decisions before the regulation was introduced.

I also carried out the analysis using the sample for the year 2003. As discussed, given
that labor substitution as a result of the policy did not take place until 2004 (Ospino,
2016), I did not expect to find significant effects. Section ?? in Appendix shows statistically
significant effects for capital per worker (72.6 log points), investment (50 log points), and the
skilled/unskilled ratio (12 log points). The fact that the effects of capital and investment are
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larger than the anticipation effects, suggest the policy might have affected these variables in
2003.

5 Discussion

In this paper I have used regression discontinuity design (RDD) methods to evaluate the
impact of the apprenticeship contract on Colombian firm dynamics. Firms showed statis-
tical significant differences at the moment when the regulation changed and most outcome
variables do not followed a common trend before the regulation was reformed. Therefore,
a difference-in-difference approximation which at first seemed appealing could not be used
for this evaluation. Nevertheless, the assumptions for implementing a RDD held, and there-
fore I proceeded to carry out the evaluation using an intent-to-treat regression discontinuity
design.

Results showed positive effects on output per worker, capital per worker, total factor produc-
tivity and negative effects on the direct labor average wage bill. While testing for anticipation
effects, capital per worker showed a statistically significant increase in 2002. Therefore, the
estimated effect for this variable should not fully be attributed to the apprenticeship contract.
The increase in productivity measured by output per worker and total factor productivity
suggests that the policy might have forced firms around the threshold of compliance with
the regulation to adjust their labor force size more efficiently. The absence of effects on the
skill composition of labor suggests labor productivity did not increase by firing unskilled
labor. However, the negative effect on the average wage bill of directly hired workers and
the absence of effects on the average wage bill of outsourced workers suggests that such
productivity gains were not shared by firm workers through higher wages.

The policy implication of this paper is that having small firms being subject to the appren-
ticeship contract regulation had a positive effect on productivity for this group of firms. From
the worker’s perspective the effect is a negative one since firm’s wage bill per directly hired
worker decreased approximately by 9%. This result suggests that workers that determine
whether firms are subject to the apprenticeship contract regulation could be the ones bearing
the cost of the regulation design. A rigorous evaluation of this regulation for apprentices and
regular workers employment status and wages is a pending subject in Colombia to have a
thorough assessment of the costs and benefits of the apprenticeship contract regulation from
the worker’s perspective.

Bibliography

Acemoglu, D. and Pischke, J.-S. (1999). Beyond becker: Training in imperfect labour mar-
kets. The Economic Journal, 109(453):112–142.

Angrist, J. D. and Lavy, V. (1999). Using maimonides’ rule to estimate the effect of class
size on scholastic achievement. The Quarterly Journal of Economics, 114(2):533–575.

19



BIBLIOGRAPHY BIBLIOGRAPHY

Bertrand, M., Hsieh, C., and Tsivanidis, N. (2015). Contract labor and firm growth in india.
Becker Friedman Institute Working Paper Series.

Besley, T. and Burgess, R. (2004). Can labor regulation hinder economic performance?
evidence from india. The Quarterly Journal of Economics, 119(1):91–134.

Braguinsky, S., Branstetter, L. G., and Regateiro, A. (2011). The incredible shrinking
portuguese firm. National Bureau of Economic Research Working Paper Series, No. 17265.

Dearden, L., Reed, H., and VanReenen, J. (2006). The impact of training on productivity
and wages: Evidence from british panel data. Oxford Bulletin of Economics and Statistics,
68(4):397–421.

Eslava, M., Haltiwanger, J., Kugler, A., and Kugler, M. (2004). The effects of structural
reforms on productivity and profitability enhancing reallocation: evidence from colombia.
Journal of Development Economics, 75(2):333–371.

Garicano, L., LeLarge, C., and Van Reenen, J. (2013). Firm size distortions and the produc-
tivity distribution: Evidence from france. National Bureau of Economic Research Working
Paper Series, No. 18841.

Gelman, A. and Imbens, G. (2014). Why high-order polynomials should not be used in
regression discontinuity designs. Technical report, National Bureau of Economic Research.

Guner, N., Ventura, G., and Xu, Y. (2008). Macroeconomic implications of size-dependent
policies. Review of Economic Dynamics, 11(4):721–744.

Imbens, G. W. and Lemieux, T. (2008). Regression discontinuity designs: A guide to practice.
Journal of Econometrics, 142(2):615 – 635. The regression discontinuity design: Theory
and applications.

Konings, J. and Vanormelingen, S. (2010). The impact of training on productivity and
wages: Firm level evidence.

Lee, D. S. and Card, D. (2008). Regression discontinuity inference with specification error.
Journal of Econometrics, 142(2):655 – 674. The regression discontinuity design: Theory
and applications.

Lee, D. S. and Lemieux, T. (2009). Regression discontinuity designs in economics. Working
Paper 14723, National Bureau of Economic Research.

Maloney, W. and Mendez, J. (2004). Measuring the impact of minimum wages. evidence from
latin america. In Law and Employment: Lessons from Latin America and the Caribbean,
pages 109–130. University of Chicago Press.

McCrary, J. (2008). Manipulation of the running variable in the regression discontinuity
design: A density test. Journal of Econometrics, 142(2):698 – 714. The regression discon-
tinuity design: Theory and applications.

20



5.1 Appendix BIBLIOGRAPHY

Mohrenweiser, J. and Zwick, T. (2009). Why do firms train apprentices? the net cost puzzle
reconsidered. Labour Economics, 16(6):631–637.
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5.1 Appendix

Parametric McCrary (2008) tests

Table 3: Parametric McCrary (2008) test of no manipulation. Year 2002

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. D15 = 1: Firms with 15-29 direct workers in 2002. D15 = 0: Firms

with less than 15 workers in 2002. Dependent variable is the number of firms at each level of direct labor demand. Regression includes a second

degree polynomial and interactions with direct labor demand in 2002. Standard errors clustered at the assignment variable level.
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Table 4: Parametric McCrary (2008) test of no manipulation. Year 2004

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. D15 = 1: Firms with 15-29 direct workers in 2004. D15 = 0: Firms

with less than 15 workers in 2004. Dependent variable is the Log number of firms at each level of direct labor demand. Regression includes a

second degree polynomial and interactions with direct labor demand in 2002. Standard errors clustered at the assignment variable level.

Table 5: Parametric McCrary (2008) test of no manipulation. Year 2004

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. D15 = 1: Firms with 15-29 direct workers in 2004. D15 = 0: Firms

with less than 15 workers in 2004. Dependent variable is the number of firms at each level of direct labor demand. Regression includes a second

degree polynomial and interactions with direct labor demand in 2002. Standard errors clustered at the assignment variable level.

Local continuity of baseline covariates
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Table 6: Local Continuity Test: Log Value of raw materials

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.

Table 7: Local Continuity Test: Log Energy Consumption

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.
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Table 8: Local Continuity Test: Firm Age

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.

Robustness Checks: Anticipation Effects

Table 9: Anticipation Effect: Log Output per worker

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.
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Table 10: Anticipation Effect: Log Capital per worker

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.

Table 11: Anticipation Effect: Log Total Factor Productivity

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.

Table 12: Anticipation Effect: Log Investment

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.
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Table 13: Anticipation Effect: Skilled/Unskilled Ratio

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.

Table 14: Anticipation Effect: Log Wage bill per worker–Direct labor

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.

Table 15: Anticipation Effect: Log Wage bill per worker–Outsourced labor

Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment: Firms with 15-29 direct workers in 2002. Control:

Firms with less than 15 workers in 2002. Regression includes a second degree polynomial and interactions with treatment variable. Standard errors

clustered at the assignment variable level shown in square brackets.

RDD for outcome variables in the year 2003
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Table 16: Parametric RDD estimation results. Sample year 2003

Panel A: Log Output per worker

Panel B: Log Capital per worker

Panel C: Log Total Factor Productivity

Panel D: Log Investment

Standard errors clustered at the assignment variable level shown in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1.

Treatment: Firms with 15-29 direct workers in 2002. Control: Firms with less than 15 workers in 2002. Regression includes a second degree

polynomial and interactions with treatment variable.

27



5.2 Difference-in-Difference validity tests BIBLIOGRAPHY

Table 17: Parametric RDD estimation results. Sample year 2003 (Continued)

Panel E: Skilled/Unskilled Ratio

Panel F: Log Average wage bill-Direct labor

Panel G: Log Average wage bill-Outsourced labor

Standard errors clustered at the assignment variable level shown in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1.

Treatment: Firms with 15-29 direct workers in 2002. Control: Firms with less than 15 workers in 2002. Regression includes a second degree

polynomial and interactions with treatment variable.

5.2 Difference-in-Difference validity tests

Balance of covariates
It’s not unusual for natural experiments to generate treatment and control groups which are
not balanced in covariates. I tested for mean differences at baseline in terms of firm age, the
share of management workers, electricity consumption, and the number of skilled workers.
Table 14 shows that firms do not differ in terms of their average age, but treatments have
a lower share of managers, consume more electricity, and have a higher number of skilled
workers.

Table 18: Sample mean difference test of some baseline covariates

Variable Treatment Control Difference P-value
Age 18,98 18,84 0,14 0,818
Share of admin workers 0,29 0,34 -0,04 0,000
Log. Energy consumption 10,72 9,83 0,89 0,000
No. Of Skilled Workers 6,60 2,75 3,85 0,000

Treatment: Firms with 15-29 direct workers in 2002. Control: Firms with less than 15 workers in 2002. The number of observations varied

between tests.
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Common trends assumption
As a test of the validity of the DD estimator I fitted a model of leads and lags as specified
in equation (2).

yit = αi + λt +
2011∑

τ=1995

βτDi(I[Nd ≥ 15|t = 2002])× λτ + µit (2)

The variable Di is defined as the treatment status firm i had in the year 2002 and is therefore
the time invariant intent to treat. The model thus formally tests the DD assumption of no
difference in trends previous to treatment by testing βτ = 0 ∀ τ < 2003. The test also
serves as a way to provide support for the interpretation of the DD estimators as identifying
causal effects.

The key identifying assumption of the DD estimator is that in absence of treatment both
groups would follow the same trend in outcome variables. In line with figures 5 to 11, table
15 showed significant effects for all outcomes except the skilled/unskilled ratio, suggesting
anticipation effects of the change in regulation. The result implies that the common trend
assumption does not hold for the evaluation of the apprenticeship contract. The failure to
meet the DD assumptions invalidates this approach and was therefore not pursued.

Figure 8: Log Output per worker

Source: EAM 1995-2011. Treatment is defined in 2002.
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Figure 9: Log Capital per worker

Source: EAM 1995-2011. Treatment is defined in 2002.

Figure 10: Log Total Factor Productivity

Source: EAM 1995-2011. Treatment is defined in 2002.
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Figure 11: Log Investment

Source: EAM 1995-2011. Treatment is defined in 2002.

Figure 12: Skilled/Unskilled Ratio

Source: EAM 1995-2011. Treatment is defined in 2002.
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Figure 13: Log Wage bill per worker–Direct labor

Source: EAM 1995-2011. Treatment is defined in 2002.

Figure 14: Log Wage bill per worker–Outsourced labor

Source: EAM 1995-2011. Treatment is defined in 2002.
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Table 19: Leads and Lags estimation

Source: EAM 1995-2011. Robust standard errors in brackets. *** p < 0.01, ** p < 0.05, * p < 0.1. Treatment is defined in 2002. Table shows
estimates of parameters βτ in model (2).
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Abstract

In this paper I build a stochastic matching model of the labor market to study the
effects of restrictions on the use of apprenticeship contracts in job creation, wages and
unemployment. The purpose is to have an analytical framework to assess the costs
and benefits of restricting the use of flexible forms of contracting where apprentice-
ship contracts are one type. I extend Pissarides’ (2000) stochastic matching model to
give matches not productive enough to sign an open ended contract the option of pro-
ducing under an apprenticeship contract which lasts for one period and can increase
the match’s productivity with uncertainty. I then modify this benchmark model to
accommodate an alternative policy that allows the use of apprenticeship contracts for
any match regardless of their productivity. I study the policy’s effect on job creation,
wages and unemployment. The analysis provides theoretical arguments to relaxing the
use of apprenticeship contracts to hire more productive workers and giving firms more
freedom to use these contracts for new matches.

Keywords: Apprenticeship, stochastic matching, labor market flexibility.
JEL Classification: E24, J41, J63, J64

1 Introduction

Firms can train workers to improve their productivity instead of searching the labor market
for more productive workers, which is useful when frictions make it difficult to find suit-
able personnel. On the other hand, training may be used as a screening device to identify
qualified individuals when firms face strong labor protection regulation that will make them
reluctant to hire new workers. In both cases training can be a stepping stone to a better
paid job for workers. Apprenticeship contracts are widely used in Latin America and in

∗This paper started to be written during my international stay at Georgetown University as part of my
doctoral studies at Universiad de los Andes. It is the final chapter of my doctoral dissertation.
†I thank Marcela Eslava for her superb guidance during this research project.
‡I appreciate very helpful comments and suggestions from James Albrecht, Federico Filippini, Alan Finkel-

stein, Pablo Lavado and Andrés Zambrano.
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developed countries around the world (Acemoglu and Pischke, 1998, 1999), allowing firms to
provide training to workers through special, fixed-term contracts which are usually targeted
to young or otherwise hard to employ workers. This papers explores two distinguishing fea-
tures of apprenticeship contracts. First, its fixed-term nature gives firms more flexibility to
begin a working relationship in the presence of strong labor protection regulation. Second,
its human capital accumulation feature allows firms to increase worker productivity. The
theoretical framework developed incorporates these two features simultaneously, and cap-
tures the dual role that apprenticeships play in the labor market for hard to employ low
productivity workers. I take a different approach from the literature on labor protection and
flexible forms of hiring by abstracting from the differences in dismissal costs or payroll taxes
between fixed-term and open-ended contracts. And rather, I focus on the effects that these
special fixed-term contracts have on the labor market relative to the case of a single contract
economy.

I build a stochastic matching model that allows firms to offer apprenticeship contracts only
to workers which are not productive enough to be hired under open-ended contracts. This
benchmark model qualitatively captures apprenticeship contracts regulations in several key
aspects:

• Apprenticeship contracts have a predetermined duration.

• They are usually targeted to low productivity workers.

• Regulation usually prevents the use of these contracts for current or past firms em-
ployees.

• These contracts allow firms to pay below minimum wages.

• They are a key part of vocational training programs.

I then study the factors that affect a policy intervention which allows apprenticeship contracts
use for any new match regardless of its productivity.

In the model, apprenticeships contracts can only be used at match formation, during one
period. Thus, in contrast to other types of fixed-term contracts its main purpose is to increase
the match’s productivity. The model captures the benefits of apprenticeship contracts in
increasing productivity and worker-firm match quality. I find that the availability of training
contracts reduces unemployment with respect to the case when these contracts are not
available to firms by increasing job creation. The model also captures the downside of flexible
forms of contracting. Apprenticeship contracts can also increase job destruction since not all
training contracts will become regular contracts, because training may not be a successful
investment in all cases. Further, the model qualitatively captures the empirical finding that
flexible contracts can increase wage inequality (Jahn et al., 2012), and thus restrictions on
the use of apprenticeships for otherwise employable workers can have positive effects on the
wage distribution. This finding may provide theoretical grounds for the restrictions to the use
of apprenticeship contracts to vulnerable groups and workers without previous attachment
to the firm if wage inequality is a concern. Nevertheless, in the model wage differences are
explained by productivity heterogeneity and thus wage dispersion emerges naturally.
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The framework extends Pissarides (2000) stochastic matching model by allowing firms to
offer an apprenticeship contract to workers in new matches, instead of a regular, open-
ended contract. Given a random productivity draw, each worker-firm pair chooses whether
to start production either under an apprenticeship contract, a regular contract or keep on
searching. While an apprenticeship contract allows matches to increase their productivity,
this process is uncertain and not all apprenticeship contracts will achieve this goal. At the
end of the apprenticeship, which lasts one period, the contract can be transformed into a
regular contract or the match can be dissolved, at no cost. As Bentolila et al. (2012) discuss,
allowing fixed-term contracts to reach its full length and not be destroyed by an exogenous
shock, captures the empirical fact that most fixed-term contracts reach their full term to
avoid paying early termination costs. The model therefore captures the fixed-term nature of
apprenticeships and its ability to increase productivity.

The research questions I set out to answer in this paper are: what are the effects of appren-
ticeship contracts on labor market efficiency and wage inequality; and how do restrictions on
the use of apprenticeship contracts affect the wage distribution, productivity and training
provision. The motivation for the first question comes from the extensive use of learning
contracts in developing countries and how little is known (theoretically) about its effects on
labor market performance. The motivation for the second question comes from the obser-
vation that apprenticeship contracts are restricted to specific hard to employ populations
in the labor market and that the impact of labor flexibility on wage inequality is a fairly
unexplored area in the literature (Jahn et al., 2012). In the training literature however wage
dispersion has received much more attention. For example, Fu (2011) explores different
channels through which ex-ante identical workers receive different wages depending on firm’s
decisions to provide training and on worker’s experience.

Temporary contracts can serve many purposes in labor markets with strong protection for
currently employed workers. They can be used as screening devices to identify good can-
didates from the pool of potential hires. They can help firms cover temporary absences by
employees or help them cope with demand shocks. This is particularly useful when political
restrictions make reforms to regular contracts unfeasible (Eslava et al., 2014; Jahn et al.,
2012). There is empirical evidence that labor market flexibility can have trade offs between
efficiency and inequality (Jahn et al., 2012). The Spanish labor market, for example, has
been studied extensively as a case study to show that flexibility can have negative effects on
unemployment. Spain could have avoided at least 45% of the increase in its unemployment
rate during the great recession had it adopted more restrictive policies on the use of fixed-
term contracts and relaxed the degree of employment protection for open-ended contracts
(Bentolila et al., 2012). This and other European cases, like France and Italy, have spurred
proposals in favor of a single labor contract, to avoid the negative effects of two-tier labor
markets (Bentolila et al., 2012). On the other hand, temporary contracts can have positive
efficiency effects by increasing productivity, reducing skills mismatch and unemployment, in
particular when job destruction is due to firms uncertainty about worker productivity or
when firms can substitute between types of fixed-term contracts (Cappellari et al., 2012;
Faccini, 2014; Pries and Rogerson, 2005). In addition flexible forms of contracting can help
firms engage in risky but profitable investment projects when these face tight labor regulation
regarding firing costs (Bertrand et al., 2015).
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The current paper contributes to this literature by showing that relative to the case of a
single contract, apprenticeships can increase output and job creation. On the other hand, I
also show that restrictions on these type of contracts can reduce wage inequality and that
there are trade offs between higher output and job creation and wage dispersion and job
destruction. In the empirical literature, Cappellari et al. (2012) show that a reform that made
apprenticeship contracts less restrictive in Italy had a positive effect in labor productivity, by
increasing job turnover and facilitating the substitution of temporary agency workers. These
authors further show that substitution among different kinds of temporary contracts and not
just with respect to open-ended contracts is the main channel through which efficiency gains
take place.

Apprenticeship contracts are widely used in Latin American countries to regulate internships
for vocational training students, the unemployed and the socially disadvantaged population1.
There are many differences in terms of contract characteristics: regarding duration, target
groups, monetary compensations, certification of apprenticeships and the number of appren-
tices a firm can or must train in Latin America. For the purpose of this paper, the main
message is that: 1) most countries do not make training compulsory and 2) there are clear
restrictions on the use of these contracts. In particular target populations are the youth, the
unemployed and those with little experience in the labor market. Also, these contracts are
restricted to last a fixed amount of time, which in general can not be extended, a feature
which classifies them as a fixed-term duration contract (Cappellari et al., 2012). A deeper
understanding of how these policies affect hiring practices, the wage structure, productivity
and unemployment can help understand the channels through which these policies operate
and can provide recommendations to tailor policy design to specific contexts.

The paper contributes to understanding the role that restrictions on the use of apprenticeship
contracts play in the process of job creation and destruction and how it affects unemployment
through the lens of a stochastic matching model. In contrast to the approach followed in
the literature, the margin I explore does not exploit the degree of employment protection of
regular contracts relative to temporary ones, but rather the model sheds light about the role
that the flexibility introduced by fixed-term contracts and the expected success of training
plays for training provision, unemployment, job turnover and wage inequality.

2 The model

This model inherits many features of standard stochastic matching models. Thus workers
and firms are ex-ante identical, risk neutral and infinitely lived. Production requires only
of one firm and one worker, which constitutes a match. When a pair meets they observe
productivity x which is drawn independently across matches from CDF F (x) (x ∈ [0, 1]) and
decide whether to form a match or keep searching for a suitable counterpart. The matching
technology is standard, given by a matching function m(v, u) = Auαv1−α which is increasing
in both arguments and homogeneous of degree one. Where u is the measure of unemployed
workers, v is the measure of vacancies in the economy, and A is a parameter that governs

1See ILO’s CINTERFOR http://www.oitcinterfor.org/jovenes/contratos-aprendizaje
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matching efficiency. Just like in the standard stochastic matching model when all contracts
are open-ended, and end only if hit by an exogenous shock, in this model only a fraction of
encounters will turn into matches. This fraction is given by 1−F (x̂), where x̂ represents the
minimum productivity draw for which matches will sign a contract. The probability of any
worker meeting a vacancy is given by m(v,u)

u
= m(θ, 1) and the probability of any vacancy

meeting a worker is q(θ) = m(v,u)
v

= Aθ−α, where θ ≡ v
u

and ∂q(θ)
∂θ

< 0. A match’s output per
period of time t is given by x, its idiosyncratic productivity and output is not conditional
on the type of contract signed. Firms can create vacancies at a per-period cost of c.

As an innovation, this model features two types of contracts: regular open-ended contracts
and apprenticeship fixed-term contracts2. Matches under a regular contract produce x, pay
a wage w(x) and last until they are exogenously destroyed by some shock which arrives with
probability λ at the end of each period. Apprenticeship contracts, on the other hand, last for
just one period at the end of which they can be turned into regular contracts or destroyed.
They also produce x per period but pay a wage wT (x). Apprenticeships cost the match τ
(measured in units of output) and may change the match’s productivity from x to 1 with
probability G(x) at the end of the period, where G(x) is a CDF that follows a standard
uniform distribution. G(x) captures the fact that as x takes higher values, the likelihood
the investment is successful increases as well. Thus the implicit assumption is that more
productive matches will have a higher chance of increasing its productivity. 1 − G(x) is
the probability that investing will not change the match’s productivity, and will affect job
destruction, since unsuccessfully trained matches that are not productive enough to continue
under a regular contract will be destroyed. Further, since Pr(x < X) = 1 − Pr(x ≥ X)
this probability captures how “distant” a particular match is from reaching the highest
level of productivity. G(x) provides information about the probability that investing in
increasing the match’s productivity will be successful, while F (x) provides information about
Pr(x < X) and affects job creation by determining the expected value of the productivity
distribution.

Modeling apprenticeships in this fashion captures two main features of real world appren-
ticeship contracts: i) fixed duration and ii) the expected increase productivity. Therefore
the model is at the crux of the literature about flexible forms of hiring and on-the-job train-
ing. The first feature captures the flexible nature of temporary contracts which allows firms
to hire workers that due to their low productivity would not be hired under open-ended
contracts, since firing them would be costly (infinitely costly in the current model). The
second feature provides an alternative incentive to hire these low productivity workers since
they could be transformed into very productive ones, at a fixed cost. The trade-off in this
case is that the lower the productivity of the match, the lower will be the chance that this
investment will be successful.

2There are several authors who have modeled dual labor markets with fixed-term and open-ended con-
tracts (Cahuc and Postel-Vinay, 2002; Costain et al., 2010). However these authors focus on dismissal costs
differentials as the main distinction between contracts.
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Timing of the model

At the beginning of each period vacancies are opened, matches meet, productivities are
revealed and they decide whether to dissolve or to engage in production under any of the
available contracts. At the end of the period, successfulness of apprenticeships are revealed,
matches decide whether to transform apprenticeship contracts to regular ones or to end
matches; while regular matches may be hit with a shock that destroys the match with
probability λ.

2.1 Modeling the use of apprenticeship contracts

In this section I model the use of apprenticeship contracts. Since these fixed term contracts
are targeted towards low productivity workers in the model such contracts can only be offered
to workers that would not be hired under a regular contract. This model is the benchmark to
study a policy which allows the unrestricted use of apprenticeship contracts to hire workers
productive enough to be hired under regular contracts.

Firms

I begin by stating the firm’s problem. Given that new matches draw productivities from
a known, invariant distribution, not all draws will cause a firm to hire a worker and start
production. The prospect of a better draw implies that firms have reservation productivities
below which no draw is acceptable to start a working relationship. Considering that firms
choose between each contract and the possibility of keeping the vacancy open while continu-
ing the search, there should be a reservation productivity. That is a draw below which each
contract is no better than looking for a new partner. I denote the reservation productivity
of a regular contract by x∗ and that of an apprenticeship contract by x∗T . At this point I will
conjecture that such reservation productivities exits but once the match’s problem is clearly
stated its existence will be evident.

The asset value of a vacant position for a firm is given by:

rV = −c+ q(θ){F (x∗)

∫ x∗

x∗T

max[JT (x)− V, 0]dF (x)

+ [1− F (x∗)]

∫ 1

x∗
max[J(x)− V, 0]dF (x)}

(1)

Where r is the discount rate. Equation (1) takes into account the fact that firms will meet
acceptable workers for a regular contract with probability [1−F (x∗)]q(θ). With probability
F (x∗), firms will meet workers whose productivity is not high enough to work under a
regular contract. In this case, matches can evaluate whether to fill the vacancy using an
apprenticeship contract or continue searching. Finally, notice that vacancies are not specific
to a particular contract type. Any worker can fill it, regardless of the contract type it
signs.
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Let J(x) be the asset value of a regular contract for a firm in a match with productivity
x, defined in equation (2) and JT (x) be the asset value of a training contract, defined in
equation (3).

rJ(x) = x− w(x) + λ[V − J(x)] (2)

The value of a regular contract filled position is given by equation (2). It produces x and
pays w(x) per period. The match ends with probability λ. Equation (3) captures the value
of a training contract. It states that training may bring the productivity level of the match
to the maximum level next period with probability x or leave the productivity at the same
level the match drew initially3. At the end of the period, the match must choose whether to
engage in a regular contract or destroy the match.

(1 + r)JT (x) = x− wT (x)− τ + xmax[J(1), V ]

+(1− x) max[J(x), V ]
(3)

Workers

Just like firms, workers choose a reservation value of productivity, which implicitly defines
the wage they will earn. Low enough draws, which do not compensate for their outside
option, will be rejected. The equilibrium nature of the model implies that these reservation
values coincide for the match, justifying the use of the same notation and the focus on the
surplus functions shared by firms and workers according to the surplus sharing rule discussed
in section 2.2. The asset value of job searching for unemployed workers is given by:

rU = b+ qw{F (x∗)

∫ x∗

x∗T

max[WT (x)− U, 0]dF (x)

+ [1− F (x∗)]

∫ 1

x∗
max[W (x)− U, 0]dF (x)

(4)

Where b is out-of-work income flow, WT (x) is the value of a training contract and W (x) is
the value of a regular contract for a worker in a match with productivity x. qw = θq(θ), and
similar to the firm’s problem, implies that there is a minimum level of productivity below
which the wage offer does not compensate stopping the job search. The asset values of being
employed under each contract type for a worker take a similar form to the firm’s and are
given by (5) and (6).

rW (x) = w(x) + λ[U −W (x)] (5)

(1 + r)WT (x) = wT (x) + xmax[W (1), U ]

+(1− x) max[W (x), U ]
(6)

3The probability of success is G(x) but since I assumed a standard uniform distribution and to keep
notation simple I’ll use the fact that in this case G(x) ≡ x.
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2.2 Equilibrium conditions

Since market frictions captured by the matching function do not allow all vacancies to be
filled immediately so that not all encounters turn into matches, a filled job generates a
surplus. These are net gains for both firms and workers of being in a match. It will be
convenient to define the surplus of a match conditional on the type of contract they intend
to engage in, thus the surplus function is the joint net returns from filling a vacant position
and finding a job for a firm-worker pair and is given by the following relationships:

S(x) = [J(x)− V ] + [W (x)− U ]

ST (x) = [JT (x)− V ] + [WT (x)− U ]
(7)

2.3 Wage Bargaining

I follow the literature and assume that wages are negotiated over each period through a Nash
bargaining process which implies that the workers get a fraction β of the relevant surplus
that is being bargained over. This fraction is assumed to be the same when negotiating over
each contract type.

w(x) = arg max
w
{[J(x)− V ]1−β[W (x)− U ]β} (8)

wT (x) = arg max
wT

{[JT (x)− V ]1−β[WT (x)− U ]β} (9)

First order condition to problems 8 and 9 imply that the gains for firms and workers equal
the share of the surplus they each appropriate, as expressed in the equations in (10):

W (x)− U = βS(x)

WT (x)− U = βST (x)

J(x)− V = (1− β)S(x)

JT (x)− V = (1− β)ST (x)

(10)

2.4 Job Creation

Having defined the surplus sharing functions, I now define the equilibrium conditions that
determine job creation. The free entry condition implies that jobs will be posted until the
asset value of having an unfilled position is zero, meaning that firms will not open any new
vacancies beyond this point:

V = 0

This condition along with equations (1), (7) and (10), leads to the job creation condi-
tion:

c

(1− β)q(θ)
= F (x∗)

∫ x∗

x∗T

max[ST (x), 0]dF (x) + [1− F (x∗)]

∫ 1

x∗
max[S(x), 0]dF (x) (11)
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Expression (11) implies that the expected cost of filling a vacancy, in equilibrium, is equal
to the firm’s share of the expected surplus that a filled vacancy generates. This expected
surplus is the weighted average of each contract surplus, given the level of market tightness,
θ. Where the weight is given by the probability of drawing a productivity level that is not
high enough to generate a positive surplus under a regular contract. Similarly, in equilibrium
the value for workers of searching from unemployment can be written as:

rU = b+ qwβ{F (x∗)

∫ x∗

x∗T

max[ST (x), 0]dF (x) + [1− F (x∗)]

∫ 1

x∗
max[S(x), 0]dF (x)} (12)

(11) and (12) imply that:

rU = b+
βθc

1− β
(13)

Equation (13) states that in equilibrium the value of search from unemployment is consistent
with the firm’s job creation condition (11). It implies that the reservation productivity
must compensate both firms and workers for vacancy costs and forgone out-of-work income,
respectively given the level of θ (Pissarides, 2000, pp. 155).

2.5 Surplus Functions

Considering that the job creation condition (11) requires firms to estimate the expected
surplus for each acceptable productivity draw, expressions for these surplus functions must
be determined. Combining the free entry condition with equations (2), (5) and (13), the
value of the surplus for a regular contract is given by:

(r + λ)S(x) = x− b− βθc

1− β
(14)

This expression is exact to the one derived by Pissarides (2000). The discounted surplus
of a regular contract is increasing in the match’s productivity, for a given θ, since it allows
it to produce more output. On the other hand, it is decreasing in out-of-work income,
market tightness and vacancy costs. This is because out-of-work income increases a worker’s
bargaining power by improving her outside option. Likewise, a tighter market makes it more
difficult for firms to meet workers, a “congestion externality” and finally higher costs make
it less profitable to open a vacancy.

Now, to determine the value for the discounted surplus of a training contract, I use equations
(3), (6), (7) and (13) and get:

(1 + r)ST (x) = (r + λ)S(x)− τ + xmax[S(1), 0]

+ (1− x) max[S(x), 0]
(15)

Equation (15) implies that the present value of a training contract equals the present value
of a regular contract plus the net expected returns from training. It’s natural to expect that
S(1) > 0, which only requires that the most productive draw from the distribution generates
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a positive surplus under a regular contract. Let x∗ ∈ x : S(x∗) = 0 and x∗T ∈ x : ST (x∗T ) = 0.
To determine the threshold values, x∗ and x∗T , it suffices to evaluate the surplus functions
(14) and (15) at these values respectively and notice that at these levels the match must
generate zero surplus. There is a unique value of x which equates the worker’s output and her
outside option in (14), thus generating zero surplus. This value determines the reservation
productivity, or break even level of a regular contract. On the other hand, differentiating
equation (15) with respect to x, we get: S ′T (x) = 1

1+r
{(1 + r + λ − x)S ′(x) + (S(1) −

max[S(x), 0])}. Considering that x ∈ [0, 1], S(1) ≥ S(x), r ≥ 0, and λ ≥ 0, it is clear that
S ′T (x) > 0. Thus the surplus for a training contract is also an increasing function of x.

x∗ = b+
βθc

1− β
(16)

x∗T =
(r + λ)x∗ + τ

r + λ+ S(1)
(17)

These two relationships describe the set of productivity draws that in equilibrium guarantee
that jobs will be created. Considering that both surplus functions are increasing in x, x∗

and x∗T define the minimum acceptable productivity draw for each contract type, therefore
any productivity draw higher that these values will start production under each one of these
contracts.

Definition 1. Equilibrium for the model will be given by the set (x∗, x∗T , θ).

Given that the solution to the model is determined by the relationship between x∗T , x
∗, and θ,

then the system of equations (11), (16) and (17) completely determine the steady state
equilibrium of the model.

2.6 Wage schedules

To determine wage schedules I use equations (2), (3), (10), (14), and (15). These expres-
sions reflect the fact that ex-ante identical workers in equilibrium will earn different wages,
conditional on the type of contract they work under and the outcome of training.

w(x) = βx+ (1− β)b+ βθc (18)

wT (x) = w(x)− βτ (19)

These expressions reflect that wages are lower under training contracts that under regular
contracts for a given level of idiosyncratic productivity. It’s interesting to notice that worker’s
bargaining power reduces wages under a training contract but have the opposite effect under
a regular contract. The reservation wages are of particular importance because from the
worker’s perspective, it implies the natural stopping strategy when searching for work. The
reservation wage is such that (20) holds. This reflects that the worker is indifferent between
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accepting a regular contract and searching if the match draws productivity value x∗. An
assumption is that when indifferent the worker will choose to work.

W (x∗) = U (20)

The reservation wage for regular contracts is given by evaluating the wage schedule (18) at
the reservation productivity value given by (16):

w(x∗) = b+
β

1− β
θc (21)

Another useful expression for the reservation wage is obtained by evaluating (5) at the value
of (16) and using (20):

rU = w(x∗) (22)

Using (6) and (22) it’s clear that although a worker under a training contract earns a lower
wage than under a regular one, expected gains outweigh current losses.

wT (x∗) = w(x∗)− βτ (23)

2.7 Employment and Unemployment flows

In this section I discuss the dynamics and equilibrium of flows of workers into and out of
unemployment, which will determine the unemployment rate. In equilibrium these flows
must be same, so after defining the flows into employment and into unemployment I will
equate these expressions to determine the equilibrium unemployment function.

Let NT denote the mass of workers under apprenticeship contracts each period and NP

denote the mass of workers under regular contracts. Equations (24) and (25), describe the
law of motion for each worker type. Equation (26) describes the law of motion of the mass
of unemployed workers. Where Ẋ is the change in variable X with respect to time. Job
flows will be given by:

ṄT = [F (x∗)− F (x∗T )]θq(θ)u−NT (24)

ṄR = [1− F (x∗)]θq(θ)u+

∫ x∗

x∗T

G(z)NTdG(z)− λNR (25)

u̇ = λNR +

∫ x∗

x∗T

[1−G(z)]NTdG(z)− [1− F (x∗T )]θq(θ)u (26)

The fraction of workers that start under an apprenticeship contract is the subset of x ∈
[x∗T , x

∗], while regular contract workers are defined by the subset x ∈ [x∗, 1]. Equation (24)
states that with probability [F (x∗)− F (x∗T )]θq(θ) matches will draw productivity levels for
which an apprenticeship generates a positive surplus. Therefore the first terms captures the
expected number of unemployed workers entering apprenticeships. The last term states that
all apprenticeship contract will end with certainty at the end of the period.
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Equation (25) states that the number of workers under a regular contract increases with that
mass of matches that draw productivity values greater or equal to x∗ and thus leave unem-
ployment at the beginning of each period. The number or regular contracts also increases
with the number of successfully trained workers at the end of each period, which is captured
by the second term. Finally, these contracts are destroyed with probability λ at the end of
each period.

Equation (26) shows the law of motion for unemployment. It increases with the number of
regular contracts destroyed each period and with the number of unsuccessful apprenticeships.
And it is reduced by the number of workers that land a job under any contract type.

In steady state equilibrium, Ẋ = 0 and therefore from equations (24) and (25) we get the
steady state values for each type of employment arrangement, N∗T and N∗R, where u∗ is the
steady stated mass of unemployed workers:

N∗T = [F (x∗)− F (x∗T )]θq(θ)u∗ (27)

N∗R =
1

λ
{[1− F (x∗)]θq(θ)u∗ +

∫ x∗

x∗T

zdF (z)N∗T} (28)

Adding (27) and (28) we get total employment:

N∗T +N∗R = [F (x∗)−F (x∗T )]θq(θ)u∗+
1

λ
{θq(θ)u∗{[1−F (x∗)]+

∫ x∗

x∗T

zdF (z)][F (x∗)−F (x∗T )]}}

(29)
Given that the mass of the labor force has been normalized to 1:

u∗ = 1−N∗T −N∗R (30)

Inserting equation (29) in (30) we get the steady state unemployment rate:

u∗ =
λ

λ+ θq(θ){[F (x∗)− F (x∗T )][λ+
∫ x∗
x∗T
zdG(z)]− [1− F (x∗)]}

(31)

2.8 Expected wages and wage distribution

Now that the mass of workers under each contract type can be calculated, I can determine
average wages for each group of workers and in the economy more generally. This part of
the model will allow me to asses the effects of apprenticeships on average wages and its
distribution, a relevant topic in the literature as mentioned in the introduction. Average
wages are the expected value of wages a typical worker under each contract receives. Lets
denote average wages for a regular contract and for an apprenticeship contract by w̄ and w̄T ,
respectively. These can be calculated as:

w̄ =

∫
N∗

R

w(x)dF (z)

1− F (x∗)
(32)

w̄T =

∫
N∗

T

wT (x)dF (z)

F (x̄T )− F (x∗T )
(33)
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Finally the average wage in the economy is a weighted average of the wages for each group
of workers:

ω̄(x) =
N∗R × w̄ +N∗T × w̄T

N∗R +N∗T
(34)

A measure of wage dispersion in search and matching models is the Mean-Min ratio, in-
troduced by Hornstein et al. (2011). It is defined as the ratio of the average wage in the
economy to the minimum observed wage. In the current model this would be defined as
ω̄(x)

wT (x∗T )
, since w(x) > wT (x). Based on this statistic, a discussion about the implications of

apprenticeships for wage dispersion is interesting and thus if the expected wage increases as
a result of higher productivity and the minimum observed wage is lower since apprentices
earn a lower wage, then it is expected that wage dispersion should increase relative to the
case with just open-ended contracts.

2.9 Output

In the current setting, total output is a measure of welfare. Therefore if more flexible labor
forms of hiring allow total output to increase this could be welfare improving. Output by
matches under a training contract is given by the product of the mass of workers under a
training contract times expected output for these contracts:

QT = N∗T ×
∫ x̄T

x∗T

xdF (x) (35)

While that of matches under a regular contract is given by:

QR = N∗R ×
∫ 1

x∗
xdF (x) (36)

Given that x∗ increases relative to the original Pissarides (2000) model because a higher
number of vacancies are opened it isn’t obvious that total output will increase in the presence
of apprenticeship contracts. This is because while expected output increases, the number
of matches under a regular contract decreases and matches under a training contract have
a lower expected output since some low productivity matches now generate output. Total
output will be given by Q = QR +QT .

3 Policy Evaluation: Relaxing the use of apprenticeship contracts.

To evaluate whether relaxing the use of apprenticeship contracts may have positive effects
on labor market performance, in this section I allow firms to choose between offering ap-
prenticeship contracts to workers that would generate positive surpluses under regular con-
tracts.
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The asset value of a vacant position for a firm is now given by:

rV = −c+ qf
∫ 1

x∗T

max[JT (x)− V, J(x)− V ]dF (x) (37)

Where r is the discount rate. Equation (37) takes into account the fact that firms will
meet acceptable workers of productivity x with probability qf = [1−F (x∗T )]q(θ) and choose
between engaging in a training contract or a regular contract.

The value of filling each contract type are the same as in the benchmark case given by
equations (2) and (3).

Workers

The asset value of job searching for unemployed workers when apprenticeships are not re-
stricted to low productivity workers is given by:

rU = b+ qw
∫ 1

x∗T

max[WT (x)− U,W (x)− U ]dF (x) (38)

Where b is out-of-work income flow, WT (x) is the value of a training contract and W (x) is the
value of a regular contract for a worker in a match with productivity x. qw = [1−F (x̂)]θq(θ),
and similar to the firm’s problem, implies that there is a minimum level of productivity below
which the wage offer does not compensate stopping the job search.

The asset values of being employed under each contract type for a worker take a similar form
to the firm’s and are given by (5) and (6) as in the restricted case.

3.1 Job Creation

Having defined the surplus sharing functions, I now define the equilibrium conditions that
determine job creation. The free entry condition implies that jobs will be posted until the
asset value of having an unfilled position is zero, meaning that firms will not open any new
vacancies beyond this point:

V = 0

This condition along with equations (37), (7) and (10), leads to the job creation condi-
tion:

c

qf
= (1− β)

∫ 1

x̂

max[ST (x), S(x)]dF (x) (39)

This expression implies that the expected cost of filling a vacancy, in equilibrium is equal to
the firm’s share of the greatest expected surplus between the two contracts, for a given level
of θ. Similarly, in equilibrium the value of searching from unemployment for workers can be
written as:

rU = b+ qwβ

∫ 1

x̂

max[ST (x), S(x)]dF (x) (40)
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(39) and (40) imply that:

rU = b+
βθc

1− β
(41)

Expression (41) is the same as the case when apprenticeship are restricted.

3.2 How would matches choose between contracts if apprenticeship were not
restricted to low productivity workers?

In this section I characterize the cases for which a training contract generates a higher surplus
than either a regular contract or the option of continuing the search for a suitable partner.
This analysis allows me to determine which set of matches choose to start production under
a training contract and which are the parametric conditions that guarantee this result. Of
interest for the purpose of this paper are the cases where training contracts are attractive
enough that some matches which are not productive enough to sign a regular contract start
production under this type of contract. This will be the alternative policy to study the effects
of restricting the use of apprenticeship contracts to the group of low productivity matches.
This case does not rule out, however, that some productive matches receive training, therefore
the parametric conditions which can assure this happens are derived.

The analysis proceeds as follows: First I study the subset of productivity draws for which a
regular contract is preferred to continuing the search for another partner because it gener-
ates a positive surplus, x ≥ x∗. I then determine for this group of matches the conditions
under which training is an even better option than regular open-ended contracts. Second, I
study the set of matches that do not generate a positive surplus under a regular contract,
x < x∗. For this group, I then determine whether starting production under an apprentice-
ship contract is preferred to continuing the search in the labor market. This approach will
characterize the parametric conditions that allows training to take place or not. The cases
I study are described in Table 1.

Table 1: Cases matches face.

Case Productivity Relative Surplus
draw Values

1 x ≥ x∗ ST (x) > S(x)(≥ 0)
2 x ≥ x∗ ST (x) < S(x)(≥ 0)
3 x < x∗ ST (x) ≥ 0 (S(x) < 0)

3.2.1 Matches with productivity x ≥ x∗. Case 1.

This subset of the productivity distribution is characterized by all x ∈ [x∗, 1]. According to
surplus function (14) and equation (16) for this set of matches, S(x) ≥ 0, so these are matches
that could start production under a regular open-ended contract. Nevertheless, matches will
choose training over regular contracts if ST (x) > S(x)(≥ 0). Using surplus functions (14),
(15) and the previous condition produces parametric condition (42), according to which

15



matches that would start production under a regular contract choose to train instead, when
the cost of training are strictly lower than the sum of the expected gains of training and the
expected surplus losses if the match operates under a regular contract:

x[S(1)− S(x)] + λS(x) > τ ; ∀x ≥ x∗. (42)

Evaluating (42) at x∗ and 1, we get:

x∗S(1) > τ (43)

λS(1) > τ (44)

In the first case, the condition means that the expected surplus of successfully training the
worker which just compensates for filling a vacancy with a regular contract must be higher
than the costs of training. In the case of the most productive worker, training costs can’t
exceed the expected losses if the match ends once it transforms into a regular contract. I
must show whether the rest of the matches in this set also receive training, and characterize
the conditions necessary for this to take place. The left-hand side (LHS) of (42) is a function
of x, while its right-hand side is a constant. By differentiating the LHS of the inequality
with respect to x yields:

∂
LHS(42)

∂x
= S ′(x)[1− 2x+ λ]

This expression is positive up to the value of x = 1+λ
2

and then becomes negative, which
implies that the function is concave. Thus two cases emerge:

• λ > x∗.
If λ > x∗, then condition 43 is a sufficient condition for ST (x) > S(x) ∀x ≥ x∗, and
thus every match eligible for open-ended contracts receives training. This case imposes
a restriction on the value of λ: λ > x∗ > τ

S(1)
. It’s straightforward to notice that in

this case x∗ ≤ 1+λ
2

, so the slope of LHS is positive at this point, and that although the
value of the LHS(42) decreases as x→ 1, since λ > x∗, condition 44 will always hold.

• λ < x∗.
If λ < x∗, then condition 44 is the sufficient condition for all the matches in the set to
receive training. Now the restriction on λ is: x∗ > λ > τ(1+r)

S(1)
. Thus x∗ ≥ 1+λ

2
and the

slope of LHS is decreasing for every x as x→ 1 at this point.

The parametric restriction falls solely on the relative value of training costs, which must be
strictly lower than the min[x∗, λ].

3.2.2 Matches for which ST (x) < S(x)(≥ 0). Case 2.

It could be the case that some matches do not meet condition (42). Namely that relative costs
are just too high for training to be a valuable investment for some matches with productivity
x ≥ x∗. Given that condition (42) is a concave function of x, for some value of τ(1 + r),
there should be some matches that fulfill the training condition while others do not. Let
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xT be the lowest level of productivity for which condition (42) holds and x̄T be the highest
level. In this case matches in the set [xT , x̄T ] will start as training contracts and the rest
as regular contracts since they generate a positive surplus under a regular contract. These
levels of productivity can be determined by solving condition (42) with equality. The main
difference is that in this case xT 6= x∗ and x̄T 6= 1.

Given that all the matches discussed in this section generate a positive surplus under a regular
contract, they will continue to produce in subsequent periods unless they are destroyed by
a productivity shock, independently of whether training was successful or not. The workers
that draw productivities in the set x ≥ x∗ are certain to have a job for at least two periods,
if they’re offered a training contract.

3.2.3 Matches with productivity x < x∗. Case 3.

The discussion in the previous section considered the cases for which a regular open-ended
contract was a viable option. In this section I discuss the case of matches that are not
productive enough to generate a positive surplus under a regular contract. Two possibilities
emerge, either the match generates a positive surplus under a training contract, or it does not.
If the match generates a positive surplus it will start production under a training contract,
at the end of which it can be turned into a regular contract if training was successful, or it
can be destroyed, since it didn’t generate a positive surplus under a regular contract in the
first place.

According to surplus function (15), x∗T is defined in equation (17) as the level of produc-
tivity that generates zero surplus for a training contract. Given that surplus functions are
increasing in x, the set of matches with productivity x ∈ [x∗T , x

∗) will receive training, since
they generate a positive surplus under this type of contract, and thus compensate for the
searching efforts of both parties, even though their productivity is not high enough to pro-
duce under a regular contract. The parametric condition to train these matches is obtained
by imposing S(x) < 0 and rearranging the surplus function (15):

xS(1) + (r + λ)S(x) > τ(1 + r); ∀x ∈ [x∗T , x
∗)

As x → x∗ the second term in the left-hand side, which is negative, goes to zero and the
condition approaches that which guarantees that a match with reservation productivity for an
open-ended contract is trained. This result implies that training will only take place for this
group of matches if training costs are low enough, which makes this case compatible only with
condition (43) of case 1 if new matches with productivity level x∗ are going to receive training.
The lowest value of x in this set is x∗T , and therefore the training cost that guarantees that

matches with this level of productivity receive training is x∗T + (r + λ)
S(x∗T )

S(1)
> τ

S(1)
.

These matches are less productive than those eligible for regular contract which implies that
if training is unsuccessful, the match will break with certainty. The fraction of matches under
a training contract [

∫ x∗
x∗T

[1−z]dG(z)]NT will not be successfully trained, and will be searching

for a job at the beginning of next period. For this set of workers under an apprenticeship

17



contract, training can be either a stepping stone to a permanent contract, or just temporary
work they would not enjoy in absence of this flexible form of contracting.

The cases discussed fully describe the actions that must be made by the agents in the
modeled economy to choose between apprenticeships and regular contracts. In section 3.2.1
I showed that when matches are eligible for a regular open-ended contract either all matches
will be trained or just a fraction, conditional on the relative costs of training. When all
acceptable new matches for a regular contract operate under an apprenticeship contract,
these will be transformed into regular ones at the end of the apprenticeship. On the other
hand, workers that are not eligible for a regular contract but that nonetheless are eligible for
an apprenticeship, will undergo training during one period, at the end of which the fraction of
successfully trained matches will be hired under a regular contract and the rest will go back
to searching from unemployment. In sum, the restriction on training costs which guarantees

that all new matches receive training is: x∗T +(r+λ)
S(x∗T )

S(1)
≥ τ

S(1)
, since this restriction allows

conditions (43) and (44) to be satisfied. Table 2 summarizes this section’s discussion.

Table 2: Training decisions by new matches

Case Productivity Relative Surplus Matches with Matches with
draw value training contracts Open-ended contracts

1 x ≥ x∗ ST (x) > S(x)(≥ 0) [x∗, 1] [∅]
2 x ≥ x∗ ST (x) < S(x)(≥ 0) [xT , x̄T ] [x∗, xT ) ∪ (x̄T , 1]
3 x < x∗ ST (x) ≥ 0 [x∗T , x

∗) [∅]

4 Discussion

I have constructed a tractable framework to study the effects that apprenticeship contracts
have on job creation, unemployment and the wage distribution. I have shown that relative
training cost play a substantial role in defining whether training will be offered to new
matches if apprenticeships were to be allowed to be offered to new matches eligible for
regular contracts. From a policy perspective reducing the fixed costs of apprenticeships for
firms and lifting the restrictions for its use can increase the amount of training that takes
place in the economy.

The proposed framework can be extended in several ways including but not restricting
to:

1. The Introduction of wage taxes/subsidies and firing costs to capture the standard
features of fixed-term versus open-ended contracts.

2. Allowing workers to keep their new level of productivity when the match breaks, so
that the distribution of productivity is affected in equilibrium.

Extension 1 would allow the testing of different policy instruments on labor market outcomes
and would allow a direct contrast of fixed-term contracts with the proposed apprenticeship
contract. Extension 2 on the other hand, would allow the analysis of general, rather than
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firm specific training which elicits questions like under-provision of training given a hold-up
of investment in human capital.
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