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Abstract 

In this paper we estimate the marginal internal rate of return to training 
using firm level data. Our data allows us to adequately account for the costs of 
training. We find that (unlike schooling) foregone output accounts for more than 75% 
of the total cost of training. This is not surprising given that in our sample firms train 
less than 1% of hours worked. We also quantify the effect of training on current and 
future output. We use a fixed effects instrumental variables estimator for dynamic 
panel data to estimate the production function (e.g., Blundell and Bond, 2000). In our 
preferred specification we find that increasing training per employee in 10 hours 
(approx. 0.5% of total hours worked/year), leads to an increase in current output of 
about 0.5% and to smaller increases in future output since knowledge depreciates 
over time. These estimates imply that the private return to training among the firms 
providing training is 32%, and it is -9% for those providing no training. The former 
firms offer positive but low amounts of training, in spite of large returns. We 
conjecture that this is due to coordination problems between management and 
employees, and due to uncertainty in the returns to training. 
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1. Introduction 

Individuals invest in human capital over the whole life-cycle. It is estimated that 

over one half of lifetime human capital is accumulated through post-school investments on 

the firm (Heckman, Lochner and Taber, 1998), either through learning by doing or through 

on-the-job training. However, very little is known empirically about investments in on-the-

job training. While there exist many public training programs for which we can find 

economic evaluations, most of the job training in the economy is done within firms and the 

evidence on their effectiveness is much more scarce. 

Furthermore, like any other investment decision, firms will offer training 

programs as long as the expected benefits outweighed the total costs of training. A crucial 

parameter to evaluate such investments and, therefore, the allocation of resources in the 

economy, is the return to training. Surprisingly, there is almost no research estimating (well 

defined) returns to training investments (one important exception is Mincer, 1989). Most of 

the literature focuses on quantifying the benefits of training for workers or firms with little 

or no concern with the costs of training (either with foregone productivity or direct costs). 

Most papers estimate the effects of on-the-job training on wages or productivity. In this 

paper we estimate the internal rate of return to formal on-the-job training.1 Our data 

consists of the census of large firms operating in Portugal between 1995 and 1999. The 

coverage, quality and detail of our data allows us to improve the existing literature in 

several dimensions. In particular, it allows us to properly account for the costs of training. 

Our estimated benefits are on par with or below most of the standard estimates of 

the literature. However, when we properly account for the costs of training we conclude 

that the implied estimates of the internal rate of return to training for the firms providing 

positive amounts of training are quite high. This implies that most of the estimates of the 

returns to training in the literature implicitly hide very large estimates of rates of return to 

training. Our estimated benefits for firms not currently providing training are generally 

quite low or negative. Our estimates are ex-post. We do not know the expected returns the 

firm faced at the time the firm made the decision of whether to invest or not invest. 

                                                                 
1
  We will consider only formal training programs. This is a weakness of most of the literature, since informal 

training is very hard to measure. 
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Nevertheless, based on our estimates we argue that those firms deciding not to invest in 

training behave optimally given that return to training for them is on average so low. On 

the other end, those firms who offer training seem to be underinvesting given that their 

estimated average marginal return to training is very high. We conjecture that one possible 

reason for underinvestment may be coordination difficulties between the management and 

the workforce. 

Our concept of return will be the marginal internal rate of return of an investment. 

Let jt sB +  be the flow of marginal benefits of an additional unit of training each period and 

let T
jtC  be the total marginal cost of the investment in training. Assuming that the cost is all 

incurred in one period and that the investment generates benefits for N  periods, the 

marginal internal rate of return of the investment is given by the rate r  that equalizes the 

present discounted value of net marginal benefits ( PDV ) to zero: 
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To estimate the total costs of training, ,T
tC  we need information on the direct cost 

of training and on the foregone productivity cost of training. The first is rarely observed in 

firm data sets while the second is basically the marginal product of foregone production 

time. Our data is unusually rich for this exercise since it contains information on the 

duration of training, direct costs of training and training subsidies. In addition, we can also 

estimate the marginal productivity of labor and, therefore, the foregone productivity cost of 

training. 

A major issue is to be able to identify the causal effect of training on output. In 

fact, we face the standard problem of how to identify parameters of the production function 

when there are missing inputs and inputs are chosen endogenously. Since we have access to 

a panel of firms, we will attempt to correct for this problem through a first difference 

strategy which uses past inputs as instruments for current differences in inputs, using the 

strategies developed by Arellano and Bond (1991), Arellano and Bover (1995) and 

Blundell and Bond (2000) for dynamic panel data models. This is also the approach taken 

by Dearden, Reed and Van Reenen (2000) in a recent paper on the effects of training on 

productivity and wages. From the production function we extract estimates of the marginal 
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product of training and the marginal product of labor. We then estimate a direct cost of 

training function regressing the direct costs of training on polynomials in hours of training 

allowing for firm fixed effects. From this function we get the marginal direct cost of 

training. 

When computing the benefits of the investment in training we recognize that what 

determines current output is not the current flow training, but the stock of training.2 This 

has implications both for the estimation of the production function and for the computation 

of returns. It implies that training increases output contemporaneously but also in future 

periods. However, human capital depreciates over time, and in our paper this can occur for 

two reasons. The first is genuine depreciation of knowledge. The second is worker 

turnover. We assume that workers that leave the firm take with them not only labor but also 

human capital, while workers who join the firm have no human capital of the type which is 

provided by company training. In our empirical work, we compute a firm specific 

depreciation rate accounting for knowledge depreciation and worker turnover. 

Well defined rates of return to training are almost never computed in the literature. 

Papers such as Bartel (1994), Black and Lynch (1998) or Dearden, Reed and Van Reenen 

(2000) report either the effect of training on wages, the effect of training on productivity or 

both. In the returns to schooling literature similar quantities are often defined as rates of 

return to schooling, because of the assumption that direct costs are irrelevant and that 

individuals attend school full time. However, this is not a valid exercise in the context of 

our paper because training is usually undertaken simultaneously with work and spend only 

a small proportion of their time in training, which means that the cost of foregone work will 

be small. Furthermore, direct costs of training are substantial and likely to be an important 

component of total costs. Mincer (1989) makes this point very clear and Machin and 

Vignoles (2001) emphasize the need to adequately consider costs in this literature. 

                                                                 
2
  Note that most of the literature estimates the contemporaneous effect of training on output. In other words, 

they estimate tB , neglecting all the future changes in output, t sB + . Dearden, Reed and Van Reenen (2000) 

are one exception since they regress output on a measure of the training stock. 
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As a first exercise, we compute implicit internal rates of return for some of the 

papers in the literature estimating the effects of training on wages or productivity. As best 

as we could, we computed the foregone productivity costs of training implicit in these 

papers. Since there was no information on the direct costs of training we assumed these 

were zero. The numbers we computed are of absurd size, most of them extremely high, due 

to the fact that small amounts of training are estimated to generate sizeable benefits in 

terms of increases in training or productivity. For example, the implicit internal rate of 

return in Dearden, Reed and Van Reenen (2000) is estimated to be, at the very least, 100%; 

for Bartel (1994), we estimate rates of return between 50% and 2600%; for Black and 

Lynch (1998), we estimate a return of -64%. The details of these calculations are available 

in the appendix. These are very simple calculations but they serve to make the point that 

most of the papers in this literature have not given adequate consideration to the plausibility 

of the size of the effects that they present. We could claim that their estimates are still 

plausible because of the neglect of direct costs, but then these need to come into the picture 

explicitly in order to assess such a claim. Careful consideration of costs is an essential part 

of this whole exercise, and the main concern of this paper. 

Several interesting facts emerge from our empirical analysis. The estimated 

marginal productivity of training seems to be quite large: an increase in the amount of 

training per employee of 10 hours per year, leads to an increase in current productivity of 

0.5-1.5%. Increases in future productivity are dampened by the rate of depreciation of 

human capital but are still substantial. In a rough comparison, this estimate is below other 

estimates of the benefits of training in the literature (see Dearden et al, 2000, and Blundell 

et al, 1996). If the marginal productivity of labor were constant (linear technology), an 

increase in the amount of training per employee by 10 hours would translate into foregone 

productivity costs of 0.5% of output (given that 10 hours corresponds to 0.5% of total hours 

worked in a year). However, with decreasing marginal productivity of labor, foregone 

productivity is even lower. In our data, marginal direct costs account on average for about 

77% of the total marginal costs of training. 

We then proceed to estimate the internal marginal rate of return to training 
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investments. We assume human capital depreciates by 17% a year3 and we estimate 

average turnover for each firm. Returns vary across firms with different levels of 

productivity. In particular, we estimate that (across specifications) the returns to training for 

firms providing no amount of training are generally either negative or quite small in 

magnitude. However, the lower bound for our estimates of the returns to training for firms 

providing training is 29%. Our estimates of returns are high by any standard. However, 

they are implicit in the whole literature on the returns to private training, since the estimates 

of benefits are of the same magnitude or higher than the ones we estimate, and estimates of 

the marginal product of labor are comparable.4 

It is possible that we (and the whole literature) overestimate the benefits of 

training because we do not account properly for the fact that training (as well as all other 

inputs) is endogenous. However, we allow for time invariant firm effects in the production 

function and we instrument current differences in training with lagged values of training 

(and current levels of training with lagged differences). We further allow time variant 

productivity shocks to be first-order auto correlated (as in Blundell and Bond, 2000). Our 

instruments are valid instruments if the error terms in our estimating equation in first 

differences are not correlated over time. We test and reject the null of no first order auto-

correlation of the error terms in first differences, but we do not reject the null of no second 

order auto-correlation. Therefore, all our instruments are lagged at least two periods. We 

have multiple instruments and therefore we can perform a standard overidentification test, 

which (for most specifications) we do not reject at conventional levels of significance. Our 

estimates of the direct cost of training function also account for firm fixed effects. 

We conjecture that those firms not providing training are behaving optimally 

given that their returns are so low. However, for those providing training, if returns are as 

high as we estimate them to be it is puzzling why they train such a small proportion of the 

total hours of work (less than 1%). We conjecture that suboptimal amounts of training may 

be the result of a coordination problem. Given that the benefits of training need to be shared 

between firms and workers, each party individually only sees part of the total benefit of 

                                                                 
3
  See Lillard and Tan (1986). Our attempts to estimate this parameter produced very imprecise estimates and 

therefore we decided to use a number within the range of reasonable estimates in the literature. 
4
  Mincer (1989), the only other paper we know that performs a similar calculation of returns, finds estimates 

around 17-25%. He computes the return using wages, so this number is a lower bound to the total returns, 
since firms and workers should share the rents generated by training. 
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training. Unless investment decisions are coordinated and decided jointly, inefficient levels 

of investment may arise. Furthermore, our estimates of returns are ex post, and there is 

considerable heterogeneity. We do not estimate ex ante expected returns faced by firms, nor 

do we estimate the risk of human capital investments. Information problems and 

uncertainty may also lead firms to invest small amounts in training even though the ex post 

average return is substantial. A third hypothesis is that the firm is constrained in its 

investment opportunities, for example due to lack of access to credit. 

The paper proceeds as follows. In section 2, we present our basic framework for 

estimating the production function of the firm, and therefore compute the marginal benefits 

of training and the marginal product of labor. We also briefly discuss the direct cost 

function. Section 3 describes the data used. In section 4 we present our empirical estimates 

of the costs and benefits of training and compute the marginal internal rate of return for 

investments in training. We conclude in section 5. 

2. Basic Framework 

2.1. Estimating Production Functions 

The most common approach used to estimate the effect of training on productivity 

is to specify a production function which includes training as another input (see e.g. Bartel, 

1991).5 One of the problems in this literature is that the functional form and the outcome 

variable are often determined by data availability and, therefore, estimates are not directly 

comparable across papers. Moreover, the measures of training used also differ across 

papers (hours of training, number of trainees, indicators for the presence of training), and so 

do the outcome variables for the firm (sales, output, value added, value added per worker). 

Most of the literature uses the current or the one-year before level of training to measure 

                                                                 
5
  An alternative approach to measure the effct of training on productivity is to use wages (see Bartel, 1995, and 

Arulampalam et al., 1997). However, changes in the average wages within a firm may be a poor indicator of 
changes in the firm's productivity. For example, if training is firm specific then wages may not increase after 
training. See Acemoglu and Pishke (1998, 1999) for a model where institutions that foster wage compression 
provide an incentive for firms to invest in general training. Wage growth is likely to be a lower bound to 
changes in productivity that is likely to be overestimated as more able workers are more likely to have higher 
wage growth and are also more likely to receive training. Notice however that the lower bound is not in growth 
rates. For example, Dearden et al (2001) find that wages incraese percentualy by less than output but wages 
might be a lower bound even if this is not the case as they are measured in different units. 
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the stock of human capital in the firm.6 The latter procedure is correct only if we assume 

that skills depreciate fully in one period. It is usually assumed that the production function 

is either log-linear in training (e.g. Barron et al., 1989, and Black and Lynch, 1998), or 

semi log-linear (e.g. Bartel, 1991, 1994, Dearden et al., 2000, and Ramirez, 1994), 

Table 1  presents a summary of the variables used to measure productivity, 

training, the specification and data set used in different papers.7 The diversity of these 

measures creates a difficulty in comparing and interpreting the estimates across samples. 

However, across studies from the U.S. and Europe there is a robust positive correlation 

between a measure of formal on-the-job training and firm level productivity. 

In most of the work on this topic the stock of human capital is measured using 

current or lagged training. We relax this assumption allowing the stock of human capital to 

depend on the past history of human capital investments, and derive the reduced form 

equation that will be estimated to quantify the effect of training on productivity. We assume 

that the production function is semi-log linear and that firm's stock of human capital 

determines the level of current output: 

 1 2 exp( )jt t jt jt jt jt jt j jtY A K l N H Zβ βα γ θ η ε= + + +  (2.1) 

where jtY  is a measure of output in firm j  at period t , jtK  is a measure of capital stock, 

jtL  is a measure of the labor input, jtH  is the aggregate stock of human capital in the firm, 

jtl  is the hours worked per employee, jtN  is the total number of employees in the firm and 

jtZ  is a vector of firm and workforce characteristics. Given that the production function is 

assumed to be identical for all the firms in the sample, jη  captures firm heterogeneity and 

                                                                 
6
  Some papers propose regressing output growth on the period flow of training to overcome the difficulties 

associated with measuring the stock of human capital (see e.g. Barret and O'Connell, 1999). 
7
  Bartel (1991) finds evidence for the US manufacturing firms that if a firm increases the proportion of 

occupations with training by 1 percentage point then current productivity increases by 0.17%. Bartel (1994) 
shows that firms that provided training to particular occupations, and did not do so before have higher 
productivity growth than other firms. And vice-versa, i.e., firms that gave some training and stopped doing so, 
registered decreases in productivity growth. The magnitude of the qualitative effect of training depends on the 
occupation group: it varies from 17% in managers to 60% in clerical occupations. Black and Lynch (1998) 
using data for the US, do not find evidence for a statistically significant effect of the number of trainees on 
current or future productivity level. They find that an increase in the proportion of total hours of training off 
the job by 1 percentage point increases productivity by 0.002%. Evidence for European countries, as that in 
Alba-Ramirez (1994) for Spain and Barrett and O'Connell (1999) for Ireland, has also pointed to a positive 
correlation between training and firm productivity. Dearden, Reed and Van Reenen (2000) find also evidence 
for the UK, that sectors in manufacturing that offer training receive subsequent increases in output. Their 
findings suggest that a 5 percentage point increase in industry training incidence leads to an increase in 
industry labor productivity by 4 per cent and a 1.6 percent increase in hourly wages. 
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jtε  captures time-varying productivity shocks. 

We need to obtain estimates for two components: jt

jt

Y

H

∂
∂  and jt

jt s

H

T −

∂
∂  for 1,..,s N= . 

To compute jt

jt s

H

T −

∂
∂  we need to make further assumptions on the functional form of the 

human capital production function. In particular, we assume that the total human capital in 

the firm depreciates for two reasons. On the one hand, skills acquired in the past become 

less valuable as knowledge becomes obsolete and workers forget past learning. This 

depreciation affects all the workers in the firm. We assume that one unit of knowledge at 

the beginning of the period depreciates at rate δ  per period. On the other hand, skills 

depreciate because each period the worker turnover within the firm implies that, all else 

constant, new workers need to acquire skills and those who leave take with them firm 

specific knowledge. Therefore, we propose a human capital production function of the 

following form (abstracting from j ): 

1 ((1 ) )( )jt jt jt jt jt jt jt jtH h t N E X tδ ω
′

+ = − + − + +  

where jth  is the per capita human capital in period t  ( jt

t

H

jt Njh = ), jtX  is the number of new 

employees in period t  and jtE  the employees who leave the firm in period t .8 jtω
′

 is a 

firm time varying productivity shock. At the end of period t , the stock of human capital is 

given by the human capital of those jt jtN E−  workers that were in the firm in the 

beginning of the period (these workers have a stock of human capital and receive some 

training on top of that) plus the training of the jtX  new workers. This specification implies 

that the stock of human capital per employee is given by: 

1 (1 )jt jt jt jth h tδ φ+ = − +  

where 
1

jt jt

jt

N E

jt Nφ
+

−=  and 0 1jtφ≤ ≤ . Comparing this equation with the permanent inventory 

formula it is straightforward to see that the total skill depreciation in the model is given by 

(1 ) .jtδ φ− Assume each firm starts out with an initial stock of human capital given by 0jH . 

The human capital of the firm in any future period can be written as: 

                                                                 
8
  We assume that all entries and exits occur at the beginning of the period. We also ignore the fact that workers 

who leave may be of different vintage than those who stay. Instead we assume that they are a random sample 

of the existing workers in the firm (who on average have th  units of human capital). 
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1

1
1 1 0 1

1
(1 ) ... (1 ) ...

t
t s

jt j jt j jt s jt jt s
s

H H tδ φ φ δ φ φ
−

−
− − − −

=
= − + ∑ −  (2.2) 

0jH  is the firm's human capital the first period the firm is observed in the sample and it is 

unobservable in our data. Plugging (Human capital) into the log-linearized version of 

(Production function final) for period t ∈  gives: 

1
1

1 2 1
1

ln ln ln ln ln (1 ) ...
t

s
jt t jt jt jt jt s jt jt s jt jt jt

s
Y A K l N t Zα β β γ δ φ φ θ μ ε

−
−

− − −
=

= + + + + ∑ − + + + (2.3) 

where 1 1 0(1 ) ...t
jt j jt j jHμ γ δ φ φ η−= − + .9 

Estimating equation (2.3) by least squares has some problems. There is a possible 

misspecification due to the functional form chosen, even though there is no obvious 

solution for this (except being non-parametric which is not feasible with so many 

explanatory variables). The production function may also be misspecified in the sense that 

variables that determine the level of output are omitted and uncorrelated with other 

observable inputs but correlated with training. Another obstacle with using this approach is 

that the human capital measure, and therefore training, may be correlated with unobserved 

productivity shocks. Even though the inclusion of firm time invariant effects mitigates this 

problem (see Griliches and Mairesse, 1995), this assumption would be violated if, for 

example, transitory productivity shocks determine the decision of offering training. 

Moreover, the sign of the bias is indeterminate as it depends on the sign of the correlation 

between training and the productivity shock.10 Finding an exogenous variable correlated 

with training and uncorrelated to unobserved firm productivity would help identifying the 

direction of causality but, in practice, this is a very difficult task due to lack of good 

instrumental variables. We take advantage of the panel dimension of our firm sample to 

minimize these two problems by following an approach similar to the one that Dearden, 

Reed and Van Reenen (2000) use with industry level data. To address the first obstacle we 

control for firm time invariant characteristics, unobserved to the econometrician, but that 

                                                                 
9
  From this equation in principle it would be possible to estimate the depreciation rate δ . However, our 

attempts to do so yielded very imprecise estimates and we chose to set δ  equal to 17%, a number which is 
reasonable in the literature (e.g., Lillard and Tan, 1986). 
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are potentially correlated with the decision to offer training. To address the second obstacle 

we need an instrumental variable that is correlated with training but not with the transitory 

productivity shock. We use the Blundell and Bond (1998) GMM estimator to address this 

issue. This estimator exploits information in levels and in differences. It's validity is based 

on the assumption that the productivity shocks are an AR(1) process. Another advantage of 

this approach is that it also corrects for biases generated by measurement error in the 

variables in the model. 

However, the first differencing approach only works if jtμ  is a firm fixed effect, 

which only occurs if skills fully depreciate ( 1δ =  or 0jtφ =  for all ),t  or if there is no 

depreciation ( 0)δ =  and turnover is constant ( jt jφ φ= ). If δ  and turnover are positive and 

time varying but smaller than 100% , then jt jμ η−  is depreciates every period at rate 

( )1 jtδ φ− .11 Given δ , and jtφ  it is probably possible to separately identify jη , a time 

variant fixed effect, from 1 1 0(1 ) ...t
j jt jHγ δ φ φ −− , a firm effect that depreciates every period 

at a fixed rate. For computational reasons, we ignore this problem and approximate this 

parameter by a time invariant firm effect.12 Therefore, in practice we employ a differencing 

procedure that does eliminate the influence of jη , but not of 0H , in the regression (unless 

the latter is well approximated by an invariant firm effect). The extent of the resulting bias 

implied by this restriction depends on the correlation between 0H  and the choice of inputs. 

In future work we plan to relax this constraint.13 

Blundell and Bond (2000) start from the equivalent of the following equation: 

1 2ln ln ln ln lnjt t jt jt jt jt jt j jtY A K l N H Zα β β γ θ μ ε= + + + + + + +  

and assume that 

1jt jt jtε ρε ϕ−= +  

                                                                 
10

  If when productivity is high firms allocate more resources to training, γ  is overestimated. On the other hand, 

it might be when demand is low and labor is idle that firms invest more in training programs (because the 

opportunity cost of labor is lower), and γ  will be underestimated (Dearden et al, 2000). 

11
  Just notice that ( )1 1t

t t
μ
μ δ φ+ = − . 

12
  We have an unbalanced panel of approximatly 5,500 observations of 1,500 firms. Using this approach would 

imply imposing approximately 4,000 restrictions on the regression. 
13

  Our instrumental variables are not helpful fir this problem unless they are uncorrelated with 0H , which again 

is an unreasonable assumption. 
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where jtϕ  is i.i.d. Then: 

1 2

1 1 1 1 2
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jt t jt jt jt jt jt
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or 
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jt jt jt jt jt jt

jt jt jt jt jt jt

j jt
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π π π π π π
π π π π π π
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+ + + + + +
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This formulation imposes some restrictions between the regression coefficients, 

usually called common factor restrictions. We first estimate the unrestricted model and 

them impose (using minimum distance) and test the validity of these restrictions, as is 

standard in this literature. 

2.2. Computing the Marginal Benefits of Training and Marginal Foregone Productivity 

Empirically jtY  is the firm's value added, jtK  is the book value of capital, jtl  is 

hours worked per employee, jtN  the total number of employees, jtZ  includes time varying 

firm and workforce characteristics as the proportion of males in the workforce, the average 

age of the workforce, the distribution of the tenure on the job of the workforce, 

occupational distribution of the workforce, education of the workforce (measured by the 

proportion workers with high education), time, region and sector effects. jtt  is measured 

with the hours of training per employee. 

We assume that depreciation has these two components (δ  and ).φ  We assume 

that 17%δ =  per period14 and we estimate the turnover rate from the data. The average 

turnover in the sample is 14%.15 We observe the initial and the end of the period workforce 

as well as the number of workers who leave the firm. To compute the number of new hires 

we assume that 1t t t tN N X E+ = + − . Whenever the initial number of employees in the firm 

is unobserved we assumed that 0.φ =  Also, because the panel is unbalanced, we assumed 

that when the firm is unobserved between any two periods, the training provided is an 
                                                                 
14

  Lillard and Tan (1986) estimate that depreciation is between 15% and 20% per year. 
15

  Although there is some sector variation in the turnover rates, all sectors report value above 20% per period. 
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average of the lead and lagged training values16. Total average skill depreciation in our 

sample is 25% per period.17 

From the estimates of the production function above we compute the current 

marginal product of training and the marginal product of labor. We assume that the future 

marginal product of current training investments is equal to current marginal product of 

training minus depreciation. We measure training in hours per employee and we measure 

labor in number of workers. Therefore in order to get the marginal product of an hour of 

training per employee we divide the marginal product of an additional worker by the 

number of annual working hours per employee in the firm and we multiply the resulting 

quantity by the number of workers in the firm. 

3. Direct Costs of Training 

As argued in Becker (1962), training involves a direct cost (e.g., the cost of 

renting the equipment in training) and a value placed on the time and effort of trainees 

(foregone productivity). The latter are costs in the sense that they could have been used in 

producing current output if they were not used in raising future output. Let the total training 

cost is given by .T
jt jt jtC C FP= +  In the previous section we saw how we compute jtFP . 

The data used in this paper allows us to compute estimates of the total training 

costs because there is information on total direct costs of training in a given year, jtC . 

These costs include labor payments to trainers or training institutions, training equipment 

as books, or movies and cost related to the depreciation of training equipment (including 

buildings and machinery). We the estimate a direct cost function by regressing direct costs 

of training on quadratic spline in total hours of training, where the knot point is 2500, 

roughly the median number of hours of training in the sample. We also include a time 

invariant firm effect in the cost function. Because we measured benefits in terms of hours 

of training per employee in order to get a comparable measure of marginal direct costs of 

training we multiple the marginal cost of training from the above function by the number of 

                                                                 
16

  This assumption is likely to have minor implications in the construction of the human capital variables because 
there were few of these cases (approx. 3% of the final sample). Moreover, most of the firms are unobserved for 
only one period. 

17
  In results available on request, we perform some sensitivity analysis of the rates of return with respect to the 

skill depreciation. 
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workers in the firm (since we want the marginal cost of giving one extra hour of training to 

every worker).18 

Once we have marginal benefits and marginal costs we can compute individual 

specific marginal internal rates of return, by solving equation (1.1) for each firm. 

4. The Data 

The main source of data is the “Balanço Social”, an annual survey administered 

by the Portuguese Ministry of Employment covering every firm with more than one 

hundred employees operating in Portugal. It is based on a mandatory survey and it has 

information on different training measures, labor productivity, worker turnover, total wage 

bill and direct training costs at the firm level for the period 1995-1999. Details of this 

survey are given in appendix. This data set has several advantages relatively to the data 

used in other studies. First, it contains employer reports of training activities within the 

firm. Having information reported by the employer is better than asking the employee 

about past training if the employee recalls less information about on-the-job training.19 

Second, training variables are reported for all employees in the firm, not just new hires. 

Third, the survey is mandatory for all the large firms in the country, representing 34 % of 

the total workforce in 1995. Two problems with the empirical literature on this topic have 

been the small sample sizes and the low quality of the available training data. Response 

rates on surveys can be very low when surveys are not mandatory.20 Fourth, it has a 

longitudinal dimension with time consistent information on training measures, total 

                                                                 
18

  Full estimates of the production and cost functions are available on request. 
19

  However, firm level data is likely to be a greater advantage over worker level data for informal training. In this 
type of training the worker might consider as working time, the period in which he is actually being trained. 

20
  Bartel (1989) uses a survey conducted by the Columbia Business School with a 6% response rate. Lynch and 

Black (1997) use data on the Educational Quality of the Worforce National Employers survey, which is a 
telephone conducted survey with a 64% complete response rate. Barrett and O'Connell (1999) expand an EU 
survey and obtain a 33% response rate. 
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productivity, total wage bill and direct training costs at the firm level.21 More than 50%  of 

the firms are observed at least twice during the period 1995-1999.22 

Table 2  reports the descriptive statistics for the relevant variables in the analysis. 

We divide the sample according to whether the firm provides any formal training and, if it 

does, whether the yearly total training hours are above the median (1,489  hours) for the 

firms that provide training. Firms that offer training programs have a higher value added 

per employee and are larger than low training firms and firms that do not offer training. 

Total hours on the job per employee, either working or training do not differ significantly 

across types of firms. High training firms also invest more in physical capital measured by 

the book value depreciation of capital and have higher yearly labor costs per employee 

(approximately twice as large as labor costs per employee for firms that do not offer 

training).23 In general, the workforce in firms that provide training is more educated and is 

older than the workforce in firms that do not offer training (the proportion of workers with 

bachelor or college degrees is 8% and 5% in high and low training firms versus 2% in non-

training firms). The workforce in firms that offer training has a higher proportion of male 

workers and a higher average tenure.24 These firms also tend to have a higher proportion of 

more skilled occupations such as higher managers and middle managers, as well as a lower 

proportion of apprentices. High and low training firms differ significantly in their training 

intensity. Firms with a small amount of training (defined as being below the median) offer 

on average 2.6  hours of training per employee per year while those that offer a large 

amount of training offer on average 33 hours of training.25 Even though the difference 

between the two groups is large, it is surprising to find such small amounts of training 

                                                                 
21

  Dearden, Reed and Van Reenen (2000) cover the period 1983-1996 but match the UK Labor Force Survey 
with industry level data, which might generate aggregation biases of unknown sign. 

22
  The major reasons why firms leave the sample are related with firms exiting the market, reduction in 

employment below 100 employees, which implies that answering to this survey is not mandatory, and to 
changes in the address of the firm headquarter. This implies a change in the firm identifier so that the firm 
would still be in the sample but under a different firm identifier. 

23
  This labor costs excludes the labor costs related to training programs. 

24
  Arulampalam, Booth and Bryan (2003) also find evidence for European countries that training incidence is 

higher among men, and is positively associated with high educational attainment and a high position in the 
wage distribution. 

25
  In our empirical work we use as measure of training the number of hours of training per employee. This 

statistic is more informative than the total number of training hours because it controls for the fact that larger 
firms have a higher number of trainees. Other useful statistics would be the number of trainees and hours of 
training per trainee but the number of trainees is imperfectly measured in this data set. 
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overall (average yearly hours on the job 1,837 hours), even for the high training firms. 

Portuguese firms with more than 100 employees that offer more training than the median, 

train at most 1.8%  of total time on-the-job, which is a rather small number. High training 

firms spend on average almost 5 times more in direct costs of training per employee than 

low training firms (41 euros per year and per employee for a low training firm versus 223 

euros for a high training firm). As a proportion of value added these costs are 0.3%  and 

1.4%  respectively. This proportion is rather small, but is in line with training such a small 

number of hours. In sum, the Portuguese data is in line with surveys from other countries in 

Europe and from the U.S., with respect to the profile of the firms that train. There is a lot of 

heterogeneity among the firms that offer training, with the low training firms and the high 

training firms being very different. Finally, the Portuguese firms train a very small 

proportion of time and therefore also spend a small proportion of their value added with 

formal training programs. 

5. Empirical Results 

As our measure of the return to training we use the standard concept of internal 

rate of return of an investment. Let jt sB +  be the flow of benefits each period and let T
jtC  be 

the total cost of the investment. Assuming that the cost is all incurred in one period and that 

the investment generates benefits for N  periods, the internal rate of return of the 

investment is given by the rate r  that equalizes the present discounted value of net benefits 

( PV ) to zero: 

1
0

(1 )

N
T t s
t s

s

B
PV C

r
+

=
= − + ∑ =

+
 

Panel A  of Table 3  presents the coefficients on labor input (number of workers) 

and stock of training in the production function (equation (2.3)). The different columns 

present the results under different specifications. Column (I) has the lowest number of 

controls and column (II) has the highest number of controls. 

The point estimates of the effect of training on output are sensitive to the set of 

controls that is used. However, the overall pattern is that as the set of controls becomes 

richer the point estimates on the training variable decrease, while variation in the point 
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estimate of the coefficient on labor input does not follow a systematic pattern. The 

estimated benefits in all the columns of the table seem to be quite high: a increase in the 

amount of training per employee of 10 hours (approximately 0.5% of total hours worked 

per year), leads to an increase in current productivity of 0.5-1.5%. This estimate is in line 

with other estimates of the benefits of training in the literature (see Dearden et al, 2000, and 

Blundell et al, 1996). If marginal productivity of labor is constant (linear technology), an 

increase in the amount of training per employee by 10 hours would translate into foregone 

productivity costs of 0.5% of output. With decreasing marginal product of labor, foregone 

productivity is even lower. Our preferred estimates are the ones of column (VIII) since 

those include the full set of controls. We present the remaining columns for completeness 

and analysis of the sensitivity of results. 

For each column we present four sets of tests. The first one is a test of 

overidentifying restrictions (Hansen test). For most specifications (including VIII, our 

preferred one) we do not reject these restrictions, although this does not happen for all of 

them. The second test is a test of first order autocorrelation of the error term in first 

differences. For every specification we reject the null of no first order autocorrelation, and 

therefore all our instruments are included with a lag of 2 or higher. Across specifications, 

we do not reject the null of no second order autocorrelation. Finally, the last test is a test of 

the validity of the common factor restrictions, which we impose (using minimum distance) 

to get the estimates in panel A of table 3. Again, for most specifications, we do not reject 

the validity of the common factor restrictions. 

One important contribution of our paper is to quantify the importance of foregone 

costs of training. In the case of education, foregone earnings are a much more important 

component of total costs than tuition and other direct costs (full time students forego 100%  

of labor earnings to invest in schooling). Not much is known for the on-the-job training. 

Median marginal costs of training are reported in panel B of table 3. On average, foregone 

productivity accounts for less than 25% of the total costs of training. Notice that marginal 

direct costs of training are much higher for firms offering no training than for firms offering 

positive amounts of training, suggesting that there are large fixed costs of setting up a 

training program in a firm. Panel B  of Table 3  also presents, for each specification, the 
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median estimates of the benefits of giving all employees one extra hour. Benefits are 

measured one period after the training is offered. 

Our estimates of the median marginal internal rate of return for the whole sample 

ranges from 0 to 50%, it ranges from -9 to 23% for the firms who do not provide training, 

and it ranges from 29 to 139% for the set of firms offering training. Our preferred 

specification is in column VIII, which includes the full set of controls. Notice that the larger 

the set of controls included the smaller the return, suggesting that our returns may be 

overestimated. With the exception of columns (I) and (IV), the returns to training for firms 

not providing training are always below 5% and are negative in some cases. The reason 

these firms do not offer training may be precisely because they face low returns and 

therefore they may be acting rationally and optimally. 

However, the returns for firms providing training are quite high, our lower bound 

being of 29% and our preferred estimate being 32%.With such high returns, it is puzzling 

why firms train such a small proportion of the total hours of work (less than 1%). Even 

though ours may be overestimates of the true internal rate of return (as suggested before), 

we believe that if such upward bias exists it should not be as high as to make these numbers 

decrease considerably. The reason is that we are being as careful as possible in the 

estimation of the production function, by including fixed effects and instrumenting current 

inputs with lagged inputs (with a large enough lag so that our results are robust to 

autocorrelation in the error terms in differences). Therefore, we conjecture that suboptimal 

amounts of training may be the result of a coordination problem. Given that the benefits of 

training need to be shared between firms and workers, each party individually only sees 

part of the total benefit of training. Unless investment decisions are coordinated and 

decided jointly, inefficient levels of investment may arise. 

Furthermore, our estimates of returns are ex post, and there is considerable 

heterogeneity. We do not estimate ex ante expected returns faced by firms, nor do we 

estimate the risk of human capital investments. Information problems and uncertainty may 

also lead firms to invest small amounts in training even though the ex post average return is 

substantial. In fact, we find significant heterogeneity in the ex post returns to training, 

which may indicate also a large amount of uncertainty (although in our current framework 

we cannot distinguish ex ante heterogeneity from uncertainty). Focusing on our preferred 
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specification, the 10th and 90th percentile of the distribution of overall returns to training 

are -13% and 86%, for firms providing training these quantities are -15% and 11%, and for 

those providing training we have -6% and 94%. 

There is a third type of explanation that is usual in this type of situations. It is 

possible that firms would like to invest more in their workers but they are constrained (e.g., 

credit constrained). In that case, investments in training are likely to be suboptimal. 

6. Conclusion 

In this paper we estimate the marginal internal rate of return to training using firm 

level data. The literature has neglected the cost side of this investment and focused on 

quantifying the benefits of training. The coverage and quality of the firm level survey 

allows us to improve the existing literature in several dimensions. We find that (unlike 

schooling) foregone output accounts for more than 75% of the total cost of training. This is 

not surprising given that in our sample firms train less than 1% of hours worked. We also 

quantify the effect of training on current and future output. Even tough disentangling 

correlation and causality is difficult, we use a fixed effects instrumental variables estimator 

for dynamic panel data to address the problem (e.g., Blundell and Bond, 2000). In our 

preferred specification we find that increasing training per employee in 10 hours (approx. 

0.5% of total hours worked/year), leads to an increase in current output of about 0.5% and 

to smaller increases in future output since knowledge depreciates over time. These 

estimates imply that the private return to training among the firms providing training is 

32%, and it is -9% for those providing no training. The former firms offer positive but low 

amounts of training, in spite of large returns. We conjecture that this is due to coordination 

problems between management and employees, and due to uncertainty in the returns to 

training.
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Appendix 

A. THE RETURNS TO SCHOOLING AND TRAINING 

Similarly to schooling, on the job training is an investment in the individual's 

human capital. Therefore, we borrow the framework from the returns to schooling literature 

to compute the returns to job training. In the schooling literature the return to a year of 

schooling can be estimated from a regression of log wages on years of schooling: 

 ln .Y Sα β ε= + +  (6.1) 

The reason is that schooling is generally a full time activity and most of the cost of 

schooling is foregone earnings. Suppose an individual has s  years of schooling and is 

considering whether to go to school one more year or not. If he decides to take one more 

year of schooling he cannot work during that year and he foregoes the annual wage he 

would have earned if had he entered the labor market with s  years of schooling. Then the 

return to his investment is 

( ) ( )
( )

1

.

Y s Y s
R

Y s

β

+ −
= =

=
 

where β  is the coefficient on schooling in regression (wage return)26. Assume now that s  

is years of job training and that an individual is considering whether to enrol in training one 

more year. Unlike schooling, training is a part time activity and, therefore, the foregone 

earnings cost of training is not ( )Y s . If an individual spends a proportion γ  of his working 

time in training (and if there are no direct costs of training), the returns to training would 

be: 

 

( ) ( )
( )
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= =

=
 (6.2) 

                                                                 
26

  Heckman, Lockner and Todd (2003) discuss under what conditions we can interpret β  as an internal rate of 

return to schooling. 
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From the point of view of a firm deciding whether to provide training to its workers, 

foregone productivity can be computed as the product of the marginal product of worker's 

time and the amount of working time spent in training activities. This simple point, made 

by Mincer (1989), has rarely been picked up in the literature. One of the reasons is because 

the information on the percentage of time spent training within the working period is rarely 

available in surveys. In our sample the average training time that would not be working 

time had the training not taken place is approximately 50%. Therefore, assuming that all 

the training takes place during working time would lead a significant overestimation of the 

costs of training. 

There is another important difference between standard analyses of schooling and 

our analysis of the returns to on-the-job training. In the estimation of the returns to 

schooling direct investment costs are usually neglected (one important exception is 

Heckman, Lochner and Todd, 2003). This procedure is justified by the fact that direct costs 

are small in absolute value because most of the education is publicly provided. 

Furthermore, even when these costs are substantial (such as college tuition in private 

universities) they are thought to be much smaller than the foregone earnings cost of 

schooling and therefore not worth considering. This assumption is more unattractive for the 

case of private training. Although some private training is subsidized, most of it is privately 

financed27. Moreover, because foregone productivity is smaller in the case of training, 

direct investment costs potentially account for a substantial fraction of total training costs. 

In our empirical work the direct costs of training turn out to be quantitatively very 

important, both in absolute terms and relative to the foregone productivity cost of training. 

Finally, another important difference between the returns to schooling literature 

and our paper concerns the assumption on the depreciation rate of human capital. It is 

usually assumed that there is no depreciation rate for human capital acquired in school. 

However, if depreciation rates are positive then the estimated returns to schooling and 

                                                                 
27

  In our sample 10% of the firms do not support any cost of training. The average percentage of costs of training 
supported by the firm is 75% (100% for the median firm). 
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training are smaller than β  and β
γ  respectively.28 In our empirical work we consider 

different assumptions on the depreciation rates. In particular, we relate the depreciation rate 

with the rate of worker turnover within the firm. 

B. IMPLICIT RATES FROM THE LITERATURE 

One of the points of our paper is that we need to correctly estimate the costs of 

training in order to compute meaningful returns to training. By using the data available in 

several papers we can compute estimates of the implicit training costs in those papers. We 

can then compute the corresponding rate of return as net benefits divided by the total costs 

of training. To exemplify our argument, we compute the implicit returns to training for 

three papers in this literature: Dearden, Reed and Van Reenen (2000), Bartel (1994) and 

Black and Lynch (1998). 

We assume that all costs occur in one initial period. The total benefit is given by 

the present discounted value of all future increases in output generated by the training that 

is offered in period t . Given that we do not have information on the direct costs of training 

for the other samples we compute two different returns. On the first one we focus only on 

the forgone output costs and, therefore, understate the total costs of training. We may be 

overstating the opportunity costs of training by assuming that all the training takes place 

during working hours. On the second return we assume that direct costs are the same 

proportion of total costs as in our data. 

Table 1A  presents estimates of returns to training implicit in the three examples 

we chose. The details of the construction of these estimates are available below.29 This 

                                                                 
28

  If human capital does not depreciate over time the return to training is given by expression (Return intro). An 

investment of ( )Y sγ  today yelds an increase in output of ( ) ( ) ( )1Y s Y s Y sβ+ − =  in every year in the 

future. Therefore: ( ) ( ) ,
Y s

rPV Y s
βγ= − +  where PV  is the present value of the investment in training. 

The r  that solves 0PV =  (internal rate of return) is given by equation (Return intro). In the extreme case 

that depreciation is 100% per year the benefits of training only occur in one year. Then present value of the 

investment is given by: ( ) ( )
1

Y s

rPV Y s
βγ += − + . Solving for r  we get that 1R β

γ= − . 
29

  These studies estimate production functions. We use the coefficient on training to compute the benefits of 
training and the coefficient on labor to compute the foregone productivity costs of training. 
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table shows that once we properly account for the costs of training the implied estimates of 

returns to training implied from these studies are generally of an implausible magnitude. 

B1. Dearden, Reed and Van Reenen (2000) 

The specification of the production function in this paper is the following: 

ln ln
VA T H

X
N N N

α β γ θ ε⎛ ⎞ ⎛ ⎞ ⎛ ⎞= + + + +⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

 

where VA  is value added, T  is number of trainees, H  is hours worked, N  is number of 

employees and X  are other controls. In their preferred specification: 0.8β =  and 

0.42γ = . From their table of sample statistics, where they divide firms into high and low 

training firms, it is possible to obtain the following figures: 

( )

( )

Low High 

ln 2.76 3.19

39.1 40.2
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Replicating the exercise on their paper (page 49) suppose we increase T
N  from 

10% to 15%. Then the effect on VA
N  is: ( )0.8 0.15 0.10 0.04∗ − = . This is the benefit of 

training. 

What about the costs of this exercise? We cannot measure direct costs but we can 

say something about foregone productivity. Assume that workers, when they train, they 

train full time (this will give us an upper bound on the foregone productivity costs of 

training). In table 3.2 of their paper, we interpret “average hours worked” as average hours 

worked per employee per week: 0.4H
N = . By definition: 

H
H T

N
−Δ = Δ ∗  

because the change in total production hours per week ( HΔ ) has to equal the change in the 

number of trainees (individuals who stop working and start training: TΔ ) multiplied by the 
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amount of hours each one worked ( H
N ). Then: 
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which implies that: 

( )
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Using their estimate for γ  the effect on VA  is: 

ln ln
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γ⎛ ⎞ ⎛ ⎞= ∗⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
= − ∗
= −

 

Foregone productivity is equal to 2%  of VA
N . This is the cost of training. 

Finally the return is: 

0.04 0.02

0.02
100%

Benefit Cost
R

Cost

−=

−=

=

 

This estimate of returns assumes that: i) the effects of training last only for one period 

(100% depreciation rate); ii) workers who train, full time, and there is no joint production 

of training and output; iii) there are no direct costs of training. Relaxing assumptions i) and 

ii) leads to an increase in R  while relaxing iii) leads to a decrease in R . 
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B2. Bartel (1994) 

The estimated production function that we take from this paper is the following: 

ln ln
Y

T N X
N

α β γ θ ε⎛ ⎞ = + + + +⎜ ⎟
⎝ ⎠

 

where Y  is output, T  is an indicator for the presence of training in the firm, N  is number 

of workers and X  are other controls. We can rewrite this equation as 

( )ln 1 ln .Y T N Xα β γ θ ε= + + + + +  

When T  corresponds to managerial training the estimates are the following: 0.18β =  and 

1 0.12γ + = . 1T =  means that more than 10% of the workforce ( N ) is trained (i.e., 

ln 0.10d N = ) 

Assuming that a manager trains full time (no work while in training), the effect of 

one manager's work on output is 0.12  ( N  is just aggregate labor), training has a 100% 

depreciation rate and that the direct costs of training are 90% (average in our data) of the 

total training costs, then: 

0.18 0.012 0.1
50%.

0.012 0.1
R

− −= =
+

 

Here we also make the assumption that teh % of direct costs on total costs is the same 

across occupations. 

If 0.12Managerβ β> =  then 2 4R b ac−  decreases. However, if depreciation rates 

are lower than 100% and/or managers train only part time, then all else constant, R  should 

be higher than 360%. Using other occupations besides managers we estimate: 

Prof

c

Prod

0.27 0.01
= 2600%

0.01
0.55 0.007

7700%
0.007

0.2 0.01
1900%.

0.01

R

R

R

− =

−= =

−= =
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B3. Black and Lynch (1998) 

The specification estimated in this paper is the following: 

ln ln ln
O

S T H X
H

α β γ θ η ε⎛ ⎞= + + + + +⎜ ⎟
⎝ ⎠

 

where S  is sales, T  is number of trainees, O  is off-work hours of training, H  is hours of 

work and X  are other controls. They estimate that: 0.09β = , 0.0002γ =  and 0.47θ = . 

For O  we can assume there is no foregone productivity cost. However, we still 

need a measure of foregone productivity because not all training is done in off-work hours. 

In principle we can assume that: 

H h N= ∗  

where h  is hours of work per worker and N  is number of workers. From appendix D in 

their paper, 0.49T
N =  in 1993. Assuming that workers work full time (ignore O  for now) 

then: dT dN=  (for a given size of the labor force). Then: 

( )ln ln .
dT dN N

d T d N
T T T

= = = ∗  

Suppose that we increase T  by 10%: ln 0.1d T = . Then S  increases by 

0.1 0.08 0.009∗ = . We also know that ( )ln ln 0.1 0.49 0.049T
Nd N d T= = ∗ = . Assuming 

that h  does not vary in this exercise, ln ln 0.049d H d N= = . Therefore, the reduction in 

sales is: 0.47 0.05 0.025.∗ =  

Assuming a depreciation rate for training of 100% per period we obtain: 

0.009 0.025
0.64 64%.

0.025
R

−= = − = −  

In this exercise we ignored off-work hours of training so our costs are too high. If we also 

used a depreciation rate below 100% the estimated return would be higher. In particular, if 

the depreciation rate was 0% then 0.009
0.025 0.36 36%R = = = . 
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C. THE DATA 

The main source of data is Balanço Social, an annual survey designed by the 

Portuguese Ministry of Employment covering every firm with more than one hundred 

employees operating in Portugal30. This is the first mandatory survey collecting 

longitudinal firm level data on training practices, productivity, wage bill and direct training 

costs. This paper covers the period 1995-1999. 

The training information concerns only formal on-the-job training, i.e., structured 

training provided by the firm that is offered at the firm or at other location. Examples of 

formal training may include seminars, lectures, workshops, audio-visual presentations. In 

this survey there is yearly information for the number of training programs provided by the 

firm, the number of trainees involved in these programs31, the total training hours and the 

total costs of training. Most of this information is available for two different types of 

training: internal and external to the firm, depending on whether training is offered inside 

the firm or in another location. Other variables available in the Balanço Social and 

collected at the firm level include the firm's regional location, ISIC five digit sector codes32, 

total sales, value added, number of employees and a measure of capital, given by the book 

value of capital depreciation33. Some worker characteristics available at the firm level 

include average age and tenure of the workforce and the proportion of males, as well as 

several measures of the firm's employment practices (such as number of hires, fires and 

proportion of fixed term contracts in the firm). 

The original data is composed of 2,923  firms. Due to the well known problems of 

estimating productivity in non-manufacturing we restrict the analysis to manufacturing (a 

total of 1,500  firms). Table A 1  reports the sample means for the proportion of firms 

providing training programs and for the training hours per employee and per trainee. On 

                                                                 
30

  Public Administration is not included but state owned firms are. The survey accounts for approximately one 
third of the total private employment. 

31
  There is information for the yearly number of trainees but not for the number of workers enroled. These will 

differ as long as the same worker participates in more than one training program per year. 
32

  ISIC stands for International Sector Industry Classification. 
33

  It is a function of the book value of the firm's capital stock. It depends on the value of capital and the book 
keeping value methods used to depreciate capital in the firm's accounts. If the book value deprecition capital is 

linear: .t tBV Kπ= ∗  It is a very imperfect measure of capital, but the only one available in this data set. 
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average, 53% of the firms in the sample provide some training34. Conditional on offering 

training, large firms, i.e., firms with more than 400  employees, train on average 24  hours 

per employee while smaller firms train approximately 15  hours. In general, sectors where 

there is a higher proportion of firms providing training also train more hours of training per 

employee and have a workforce with higher wages and years of schooling.

                                                                 
34

  According to the EU report on continual training programs, the proportion if firms offering training in Portugal 
in the early nineties is smaller (13%) than for the EU average (57%). Their survey covers only continual 
training (while here I cover also up-front training, i.e., the training the worker receives when he is hired) and 
covers both small and large firms. It is a robust finding in the literature that smaller firms are more likely to 
offer training. 
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