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Santiago Budrı́aa and Pedro Telhado Pereirab,*

aUniversity of Madeira and CEEAplA, Portugal
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This article investigates the determinants and wage effects of training

in Portugal. In a first stage, we show that there are considerable differences

in training participation across groups of workers, with elder and low

educated individuals participating substantially less. In a second stage,

we show that training has a positive and significant impact on wages.

The estimated wage return is about 30% for men and 38% for women.

Discriminating between levels of education and working experience

and the public and private sector reveals important differences across

categories of workers. We find that women, low educated workers and

workers with long working experience earn larger returns from training.

The average effect of training is similar in the private sector and the public

sector. However, differences across experience groups are larger in the

private sector, while differences across education groups are larger in the

public sector. We use three alternative classifications of training activities

and find that training in the firm, training aimed to improve skills needed

at the current job and training with duration less than a year are associated

to larger wage gains.

I. Introduction and Executive Summary

Education is a scarce and valuable good in the
Portuguese labour market. Among EU State
Members, Portugal is the country with the lowest
schooling levels, while returns to formal education
are highest (e.g. Vieira, 1999; Pereira and Martins,
2002, inter alia). However, little is still known about
the wage effects of training. As stated by Lynch and
Black (1998, p. 65), ‘. . . the traditional schooling
system is not an option that many incumbent workers
or firms use when facing the need to upgrade their
skills. As a result, the provision (or nonprovision)
of employer-provided training is a key factor

determining how much and what kind of skill
upgrading occurs within firms and across workers’
(quoted in Asplund, 2005). In this article, we explore
the extent, determinants and wage impact of various
forms of training across workers with different
characteristics.

In Portugal, participation in training is rather low as
compared to countries in the Organization for
Economic Cooperation and Development (OECD).
This fact raises efficiency concerns. Skills obsolescence
may lead to substantial costs in terms of labour
productivity, skill deterioration and unemployment.
This might be of particular importance in an economy
with already low labour productivity that, moreover,
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is currently experiencing difficulties in converging to

OECD levels after a decade of convergence

(EUROSTAT, 2004).
In the past few years, training activities financed

by the European Union have been stepped up. For
the period 1994–1999, the budget of the European

Social Fund (ESF) allocated to programmes of

human resources and promotion of employment

was ECU 2178 million for Portugal. It was expected

that, over those years, ESF assistance would allow

the training of 350 000 persons per year. A new
programming period started in 2000 and will end

in 2006. For that period, the ESF will transfer new

funds to co-finance, together with national public

funds, mainstream training programmes.1 The com-

mitted budget was Euro 1548 million, which repre-
sents the second highest per capita use of this kind of

fund among European countries. As regards imple-

mentation, however, execution rates are being rather

low (CGQCA, 2004). This fact is disturbing, as it

indicates that an important opportunity to upgrade

the skills of the Portuguese workforce is being lost.
Training participation raises also equity concerns.

More educated workers tend to receive more training

(Oosterbeek, 1996; OECD, 1999, 2003a; Ok and

Tergeist, 2003; Peraita, 2005). At the same time, the

returns to formal education are remarkably high in

Portugal and the wage gap between high and low
skilled workers is substantial. Thus, if training

increases wages and is concentrated towards indivi-

duals with more favourable labour market character-

istics, lower training participation among specific

groups of workers may deteriorate the labour
market position of already disadvantaged individuals.

Moreover, different forms of training may be asso-

ciated to different returns, which drives an additional

wedge between groups of workers that typically

participate in different training schemes. Further,

individuals who differ in gender, education and
professional backgroundmay obtain different benefits

from training activities, thus warning policy makers

that equality of provision does not assure equality of

outcome.
Several studies have used international comparable

data to analyze the determinants and effects of
training participation in different countries (OECD,

1999, 2003a; Brunello, 2004; Arulampalam et al.,

2003; Ok and Tergeist, 2003). Due to the lack of

appropriate data, these studies report typically little

evidence on the Portuguese case. At the national level,

Saraiva (1999) explores training participation and its

impact on wages. His results suggest that training

activities that take place in the firm raise wages. As

opposite, programmes provided by other institutions
such as training centres do not increase wages

significantly. Hartog et al. (2000) use the European

Community Household Panel to explore earnings

differentials between participants and nonparticipants

in training programmes. They find that differences are
significant only for some types of vocational training.

In this article, we use data from the Portuguese

Labour Force Survey to explore the extent and

determinants of training participation. With such

analysis we intend to identify those groups of workers

that seldom get trained. To our eyes, they constitute
a critical group for policies aimed to increase the

overall training participation. In a second stage,

we explore the wage effects of training. Our estimates

indicate that training raises wages substantially.2

The question of whether the wage effects

of training vary with the characteristics of the trained
worker has received little attention in the literature.

This is unfortunate. By differentiating between

categories of workers we can obtain valuable

information to assess policy choices related to skill

formation, such as whether to encourage an overall

increase in training levels or to attempt to redirect
training investments toward groups in the workforce

whose expected returns are larger. This article takes

a step towards filling this gap and differentiates

simultaneously between workers that differ in educa-

tion background and working experience, men and
women and the private and public sector. We find

that workers with long experience and low education

levels earn more from training activities. Therefore,

policies oriented to increase training participation

among individuals with such characteristics are

expected, ceteris paribus, to reduce wage inequality.
We also differentiate between types of training.

In the literature, there is a confusing multitude of

definitions of training activities, which mitigates the

comparisons across countries and within single

countries. In this article, we exploit three alternative

classifications: (i) internal vs. external training, (ii)
current skills versus future skills training and (iii) long

duration vs. short duration training. We find that

internal, current skills and short duration training

are associated to larger wage gains.

1 The POEFDS (Portuguese Operational Program of Employment, Training and Social Development) has been recently
launched to translate the European Union employment strategy into action. It operates through five sub-programmes: Initial
training, Continuous training, Public administration, Employment policy, and Social development.
2Another branch of the literature focuses on the productivity rather than wage effects of training. See, for example,
Kazamaki-Ottersten et al. (1999) for Sweden and Dearden et al. (2000) for the UK.
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The structure of the article is as follows. Section II
presents the data set and the classifications of training
that we use throughout the article. Section III offers
a background discussion to motivate the choice
of the model and its functional form. We follow
two alternative approaches: simple Ordinary Least
Squares (OLS) estimation and a treatment effects
model that controls for the endogeneity of training.
Section IV presents the empirical results. In a first
stage, we draw on the logit and multinomial logit
models to identify patterns of unequal training
provision across different worker groups. In a
second stage, the results on the wage impact of
training are presented. Section V presents the
concluding remarks. The article contains
additionally three appendices. Appendix A contains
the training questions of the Portuguese Labour
Force Survey. Appendix B checks whether the
independence from irrelvant alternatives (IIA)
assumption holds in the multinomial logit models.
Appendix C assesses the robustness of our results
to changes in the participation equation.

II. The Data

The Portuguese Labour Force Survey (henceforth,
IE, Inquerito ao Emprego) is a quarterly survey of
a representative sample of households in Portugal.
Its sample size is about 45 000 individuals and it has
a rotating structure in which 1/6 of the sample
is dropped randomly in each quarter. Our analysis
uses pooled data from 1998 to 2000.

The IE asks individuals about their monthly net
wage, age, education level, time when the first
contract was obtained, sector of employment, type
of contract, professional activity, hours worked,
tenure and region, among other variables. The key
question about training is

. ‘Apart from formal schooling, have you com-
pleted any training scheme as a formation for
a professional activity?’

Most international surveys explicitly ask for
training participation during the last months and
disregard training experiences that took place in the
past. As opposite, the above question does not refer
to a particular time period. Thus, individuals in our
sample can report on a training activity that took
place years ago. Moreover, we know the date when
the activity was finished.

As a shortcoming, the IE does not offer the
possibility of reporting more than one training
event. Therefore, we assume that workers report
the information regarding the most important event
in which they have participated.

Trained workers are asked to classify the activities
according to three different criteria. We know where
the training activity took place, the purpose of the
activity and whether or not it had a duration longer
than 1 year.3 The precise form of the questions
is given in Appendix A. This information allows us
to compare the wage increases associated to different
types of training.

Surprisingly, the IE misses the information
about the training events of individuals with the
lowest education level (<4 years of primary educa-
tion). This is unfortunate and forces us to restrict our
sample to workers with the following highest
qualifications: between 4 and 6 years of primary
education, 9 years of primary education – which in
Portugal corresponds to compulsory education –,
secondary and tertiary education.4

As a second restriction, we leave out from the
analysis workers who after having finished a training
activity switched to a different job. The focus of our
study is, therefore, the wage impact at the current job
of training that took place after the job was obtained,
rather than the impact of training that took place
before the worker switched to his/her current job.5

We further restrict our analysis to individuals who,
at the time of the survey, were aged between 16 and
60, wage earners during the week of the interview,
worked more than 15 hours a week and were not
employed in agricultural, fishing or extracting activi-
ties. Hence, we exclude self-employed individuals,

3An additional classification regards the content of the training activities. There are more than 50 branches, such as health
and life sciences, physics, chemistry, engineering, mathematics, and agriculture, among others. Due to the number of
candidate answers, we do not exploit this classification.
4Workers with 4 years or less education represent only 4.6% of the Portuguese workforce. Thus, restricting the sample to
workers with more than 4 years of education is not expected to affect the representativeness of our results by much.
5Returns to training may differ importantly between workers who switch to a different job and workers who stay at the same
job after having finished training. Loewenstein and Spletzer (1999), Booth and Bryan (2002) and Gerfin (2004) find that
workers who stay in the training company tend to reap lower gains than those who move to another firm. More bargaining
power, realized gains and promotions are some candidate explanations for this observation. In this article, we disregard
moving workers. The reason is that our data set does not provide us with good instruments to account for training
participation of workers that switched to a different job. The only information available regards the individual’s current job.
Therefore, variables observed at the time of the survey such as activity, tenure, firm size, sector and the like can hardly
account for training participation in a former job.
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as well as those whose main activity status is
paid apprenticeship or training, unpaid family
worker, out of the labour force and unemployed.

The previous exclusions leave us with a final
sample of 27 161 individuals. Table 1 offers descrip-
tive statistics of the raw data. Workers who received
some training earn on average about 40% more than
workers who did not receive any training at all.
Trained workers tend to work in the public sector,
have longer tenure, work in average-sized firms and
be more educated, relative to untrained workers.
As shown in the last row, only 5.2% of the sample
population has ever participated in some training
activity. This rate is rather low by international
standards.6

Training location

Respondents are asked to specify where the training
activity took place, using five mutually exclusive
categories: (i) college or university, (ii) firm, (iii)
training centre, (iv) vocational school and (v) other.
We use this information to differentiate between
internal training and external training, depending
on whether the training activity took place in the
firm or in some other institution.

Panel A of Table 2 reports the proportions of each
event. A large fraction of workers have been trained
at firms (internally), with 45.2% of men and 37.4%
of women reporting this event. Professional schools
and centres of vocational training account for some
15% of the events each, while training at a college
or university has an incidence of <5%. Finally, the
residual category ‘other’ represents some 25% of the
total activities.

Training purpose

The purpose of the training activity must be indicated
using the following categories: (i) to improve or
update skills, (ii) within a program of continuous
training, (iii) to switch to another job or duties, (iv)
to help get started with a first job, (v) within a
program of initial training, (vi) for personal interest
and (vii) other.

As Panel B of Table 2 shows, some 60% of the
events are viewed as improving or updating skills.
Training for personal interest and continuous train-
ing account, respectively, for 11 and 7% of the total
activities. Training to switch to another job or
duties represents an additional 12% for men and

6% for women. Finally, the lowest shares correspond
to training to get started with a first job, initial
training and other purposes.

We have regrouped the previous answers into two
categories. A first category, called current skills
training, includes those activities aimed to update or

Table 1. Means of selected variables

Variables
Untrained
workers

Trained
workers

Log hourly wage 1.0 1.4
Log hours 3.7 3.6
Experience 19.0 19.1

Proportions (%)
Female 45.4 45.2
Part-time 3.3 2.2
Public 23.7 45.8

Cohort
Age<30 years 32.9 27.1
30 years� age� 44 years 41.7 46.1
Age>44 years 25.5 26.8

Tenure
Tenure<6 years 45.6 26.8
6 years� tenure� 25 years 46.3 60.7
Tenure>25 years 8.2 12.5

Firm size
Firm size<20 employees 26.9 25.4
20� firm size� 500 employees 9.7 21.8
Firm size>500 employees 63.5 52.8

Education
4–6 years 63.2 29.3
Primary 15.8 26.6
Secondary 11.5 27.7
Tertiary 9.4 16.4

Activity sector
S1. Food, drinks and tobacco 3.6 1.9
S2. Retail 10.6 3.9
S3. Wood and paper 3.2 2.4
S4. Chemical and mineral

products
2.9 2.6

S5. Metallurgy, equipment
and vehicles

7.5 5.7

S6. Construction 12.3 2.5
S7. Commerce 13.2 10.6
S8. Restaurants 5.9 4.4
S9. Transports &

telecommunications
4.5 6.6

S10. Insurance and finance 2.1 6.3
S11. Public administration 10.0 20.6
S12. Education 8.6 12.5
S13. Health 7.1 10.9
S14. Culture, sport and leisure 2.4 3.9
S15. Others 6.2 5.4

Sample population 94.8 5.2

6Arulampalam et al. (2003) report that training incidence across European countries is highest in Britain, Denmark, and
Finland, with participation rates above 40%, and lowest in Ireland, Italy, and Spain, with participation rates below 10%.
Unlike in our data, these rates refer to training activities that took place during the year prior to the survey.
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improve skills that are needed in the current job.
It includes categories (i), (ii), (iv) and (v) and
represents some 75% of the total activities. In a
second category we have included those activities
more aimed at improving skills for a future job.
Though not explicitly stated by the respondent,
training for personal interest is likely to develop
skills that can be used in the future. Thus, we assume
that (vi), together with (iii) and the residual category
(vii), represent future skills training.

Training duration

The IE allows us to split the training activities

into two categories: long duration training (one year

or more), which comprises vocational formation

of tertiary level and specific professional

formation with 1 year or longer duration and short

duration training (<1 year), which comprises any

training with less than one year duration and

other forms of training.7 Panel C of Table 2

Table 2. Training incidence by categories (%)

Men Women

(A) Training Location

College or university 3.2 4.1

Firm 45.2 37.4

Professional school 14.6 15.4

Centre of vocational training 12.7 14.0

Other 24.4 29.2

(B) Training Purpose

To help get started with a first job 5.0 6.8

To improve or update skills 57.5 60.5

To switch to another job or duties 12.1 6.2

Within a program of promotion of employment: initial training 2.5 4.5

Within a program of promotion of employment: continuous training 7.2 7.1

For personal interest 10.6 11.3

Other 5.2 3.6

(C) Training Duration

Vocational formation of tertiary level 4.7 6.3

Specific professional formation with one year or longer duration 20.8 20.8

Any training with less than one year duration 43.8 40.7

Other 30.7 32.2

(D) Detailed decomposition of training

Internal 4.5 5.1
Current skills

Current skills

External 

External 

External 

External 

10.7 14.0

Internal 1.0 1.1
Long duration 

Future skills

Future skills

9.3 6.9

Internal 35.0 29.2

22.0 30.6

Internal 4.7 2.0

Short  duration 

12.8 11.1

7 In Portugal, the duration of vocational formation of tertiary level is one year or longer. ‘Other forms of training’ may include
informal training such as reading, participation in lectures, courses, seminars, quality circles and specific company training.
Though not stated explicitly, the length of these activities is supposed to be much shorter than a year.
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shows that nearly 75% of the events have short
duration.

In Panel D of Table 2 we report cross-tabulations
of location and purpose for long and short
duration training. Current skills training tends to
have short duration and, when it has long duration,
it tends to be external. Future skills training tends
to have longer duration and is basically external.

III. The Model

In order to explain earnings, we use schooling levels,
experience and experience squared as the standard
Mincer terms, a set of explanatory variables to
capture the observable individual heterogeneity
and a dummy variable for training participation.

We suspect that differently endowed individuals
obtain different gains from training. To detect
potential differences, we extend the model by inter-
acting the training dummy with working experience
and schooling levels. The resulting OLS equation is

logw ¼ �Xþ �1EDþ �2EXPþ �Tþ �1T� ED

þ �2T� EXPþ e ð1Þ

where w is the hourly wage, ED and EXP are column
vectors of dummies with the education and experi-
ence levels, T is a dummy for training participation,
X represents other variables assumed to affect
earnings, � i and �i are row vectors of coefficients,
� measures the impact of training on wages and
e�N(0, �2) is the error term.

Training participants are not necessarily a random
group. They may be selected (or self-selected) into
training because of unobservable characteristics such
as commitment, motivation and flexibility. If this
is the case, the profitability of the training activity is
likely to be related to the probability of participation
and, thus, a naive OLS estimation of � is expected to
be biased. To take account of the selectivity problem,
we model a participation equation as

T ¼ �Hþ u ð2Þ

where H is a vector of individual and workplace
characteristics and u is an error term. In the Section
Determinants of training participation, we describe
the variables included in H. Assuming that workers
participate in training only if the benefit is positive,
we have

T ¼ 1 if T � > 0

T ¼ 0 if T � � 0
ð3Þ

where T � is the estimated benefit of participation.
Therefore, a model that controls for selection bias is

logw ¼ �Xþ �1EDþ �2EXPþ �Tþ �1T� ED

þ �2T� EXPþ �T̂� þ e ð4Þ

where T̂ � is the typical selection correction. To
estimate the model, we adopt a maximum-likelihood
method, in which Equations 2 and 4 are estimated
simultaneously. When different types of training are
included in the regression, � and � are row vectors,
T is a column vector of dummies for each type of
training and T̂ � is a column vector with the selection
corrections.

IV. Empirical Results

This section investigates the determinants and wage
effects of training. All the regressions are performed
for men and women separately. Standard errors are
corrected for heterocedasticity.

Determinants of training participation

We regress training participation on a set of socio-
economic characteristics. As explanatory variables
we include in vector H education, age, private sector
or public sector, full-time or part-time contract,
tenure, firm size, whether the worker holds a second
job, whether the worker has ever resided in a foreign
country and a set of 15 dummies for the activity
sectors. We also include controls for Portuguese
region and quarter.

Table 3 presents the logit estimates on training
participation. The estimated coefficients are the odds
ratios. For the reference worker, they represent the
factor by which the probability of selection
into training increases for a marginal increase in
a continuous variable and for a discrete change in
the probability for dummy variables.

In line with international evidence, we find that
training goes mainly to more educated individuals.
Workers with more than primary education are
at least 3 times more likely to participate in training
than workers with less than primary education. This
finding matches a priori expectations. As Peraita
(2005, p. 1894) puts it, ‘employees who have already
shown an aptitude to learn new skills by having
higher levels of educational attainment are more
likely to participate in training provided by their
employers’. According to Oosterbeek (1996), more
educated individuals not only are more likely to be
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selected in the firm’s training programs, but also have
a higher probability of being hired by a firm that
provides training.

Older individuals tend to receive less training.
The likelihood of training participation is about one-
third lower for workers aged between 30 and 44 years
and about one half lower for workers aged above
44 years. The negative association between age and
training participation is consistent with the human
capital theory that predicts that younger workers are
more likely to train than older workers, since the
period over which they have returns is longer.
This result contradicts the concept of lifelong learn-
ing, which suggests that, in order to prevent that skills
become obsolete, continuing training is observed
across all age groups.

The impact of the remaining variables is as
follows. Having a second job is associated to higher

training participation. This may be due to the fact
that individuals holding a second job are more
motivated or committed to their profession and,
accordingly, they are more likely to make an effort to
develop competencies on the job and improve
performance. The probability of training varies
significantly with tenure in the job and in a nonlinear
way. Workers in average-sized firms and men in the
public sector are more prone to get training. Part-
timers are as likely to get training as workers with
full-time contracts. Men in insurance and finance and
women in culture, sports, leisure, insurance, finance,
health, restaurants and public administration are
more likely to be trained. As opposite, women in the
retail and men in the construction, food, drinks and
tobacco sectors are less likely to be trained.

Tables 4 and 5 focus on the selection into different
types of training. For each alternative classification,

Table 3. Selection into training

Men Women

Odd ratio z-ratio Odd ratio z-ratio

Primary 3.065*** 11.23 3.317*** 9.28
Secondary or higher 3.712*** 12.55 3.373*** 9.91
30 years� age� 44 years 0.717*** �2.91 0.669*** �3.21
age>44 years 0.518*** �4.52 0.554*** �3.54
Public sector 1.485*** 2.88 1.248 1.50
Part-time 1.182 0.51 0.927 �0.33
Tenure 1.117*** 7.47 1.115*** 5.98
Tenure squared 0.998*** �4.30 0.997*** �3.83
firm size<20 employees 1.023 0.23 1.124 1.16
20� firm size� 500 employees 2.770*** 9.85 2.604*** 8.44
Second job 1.678*** 4.29 2.002*** 3.87
Resided abroad 1.159 �1.45 1.153 �1.33
Food, drinks and tobacco 0.578* �1.94 0.706 �1.03
Retail 0.772 �1.05 0.556** �2.36
Wood and paper 0.728 �1.32 1.251 0.69
Chemical products 0.873 �0.59 0.931 �0.19
Metallurgy 0.929 �0.43 1.051 0.19
Construction 0.369*** �4.84 0.409 �1.21
Restaurants 1.222 0.86 1.454* 1.73
Transports 1.171 0.96 1.436 1.36
Insurance, finance 1.531** 2.30 2.228*** 3.25
Public administration 1.140 0.77 1.463* 1.76
Education 0.722 �1.43 0.819 �0.92
Health 1.031 0.14 1.430** 1.87
Culture, sport, leisure 1.361 1.17 2.291*** 3.61
Others 1.454* 1.89 0.911 �0.43

Average probability 0.0515 0.0512
Pseudo R-squared 0.1512 0.1267
No. of observations 15,016 12,145

Notes: *Signals significant at the 10% level, **signals significant at the 5% level and
***signals significant at the 1% level.
The reference individual is a worker with less than primary education, aged <30 years, who
has not a second job, has always resided in Portugal, is working full-time in the private,
commerce sector, in a firm with more than 500 workers.
Control variables are included for region and quarter.
SE are obtained using White’s (1980) method.
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we present the results of multinomial logits where

the dependent variable is a 3-point categorical

variable indicating the worker’s allocation to

training events, where the reference category is

no training. The estimated coefficients are relative

risk ratios (RRR), which can be interpreted as

odds ratios.
We find that education, age, tenure, having

a second job and working in average-sized firms

explain significantly male and female participation

in most training types. The positive effect of

education and the negative effect of age is

particularly evident in the case of long duration

training. It is worth noting that age does not

influence the likelihood of internal training, while it

is highly significant for the remaining categories.

This pattern suggests that training in the firm is

more aimed to prevent skills from becoming

obsolete and, consequently, it is observed across

all age groups.
For both genders, public sector is positively

associated to internal, current skills and short

duration training. Having a part-time contract

is nonsignificant among men, while among women

it is positively associated to future skills training

and negatively associated to current skills training.

Workers who have resided in a foreign country are

more likely to have participated in internal training.

Finally, looking at the average probability of

participation reported in the bottom part of

Tables 4 and 5, one finds that women tend to enrol

into external and current skills training more

than men.
The estimation of a multinomial logit model

assumes that the exclusion of one of the outcomes

in the dependent variable does not affect the

RRR of the regressors in the remaining categories.

This assumption is known as the independence from

irrelevant alternatives (IIA) and, if it does not hold,

the parameter estimates may be inconsistent. In

Appendix B, we have used the Hausman test to

check whether or not the IIA assumption holds. The

chi-squared statistics of Table 1B show that for all

training classifications and for both genders the null

hypothesis is not rejected, i.e. there is no evidence that

the IIA assumption has been violated.

Selection into training

To control for the potential endogeneity of training,
we draw on a treatment effects model. As long as the
errors of the participation equation are uncorrelated
with the errors of the wage equation, the estimated
coefficients are no longer exposed to selectivity bias.8

This approach requires that some variables in the
participation equation – which are supposed to affect
training but not wages – are omitted from the wage
equation. We use as excluded instruments two
dummy variables: one for having a second job, one
for having resided abroad. The motivation is as
follows. Holding a second job may proxy the
individual’s degree of commitment and motivation.
If more motivated individuals are more likely to enrol
into training activities, then such variable should
account for training participation. In a related article,
Harris (1999) analyses the determinants of training
participation in the UK and interestingly finds that
having a second job is positively associated with
training participation. Similarly, individuals who
have ever resided in a foreign country may be more
flexible and ready to upgrade their skills. Moreover,
once abroad, they may have benefited from greater
facilities in the access to training.

As shown in Tables 4 and 5, having a second job
is highly significant among men and women for all
types of training. As opposite, resided abroad
is significant only in the case of internal training
and, therefore, this instrument helps only partially
to identify workers with training events.

In Appendix C, we perform several well-known
tests to assess the quality of the excluded instruments.
We find that our exclusion restrictions pass the
Sargan’s orthogonality test and the Bound et al.
(1995) validity test.9 We also investigated the effects
of adding two additional exclusion restrictions:
marital status (single or not) and looking for an
extra job.10 In computations not reported here, these
variables were found to be significant to account for
some training events. However, the orthogonality test
rejected their inclusion in the participation equation.

Wage effects

Our wage equations control for school highest
qualification, experience (and squared), tenure,

8However, there is no guarantee that just by addressing the endogeneity of training our estimates will be less biased if other
forms of self-selection are present.
9 It may be argued that ‘having a second job’ is a bad instrument, for it is likely to be correlated with wages. This would be the
case if (i) the wage variable includes wages from a second job, and (ii) individuals with lower wages tend to look for a second
job in order to raise monthly earnings. As regards (i), our wage variable refers to the main working activity and, therefore,
does not include earnings from a second job. We also checked hypothesis (ii), and found in calculations not reported here that
‘having a second job’ was not significant in the wage regression.
10 The IE asks individuals whether or not they are looking for an extra job, regardless of the number of jobs they already have.
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public or private sector, full-time or part-time job,
workplace size and activity sector. In addition,
regional and seasonal conditions are captured by a
set of dummies for Portuguese regions and quarters.
We do not control for female self-selection into the
labour market. Using Heckman’s two-step approach,

Pereira and Martins (2001, 2002) report evidence that
the OLS and the 2-step estimates are statistically
equivalent for women. Based on this evidence,
we assume that working women are a representative
sample.

Table 6 reports the OLS and the treatment effects
estimates jointly. To allow for comparison with
previous work, at this stage we do not include
interaction terms between the training dummy and
the experience and schooling levels. According to the
OLS estimation, the wage differential between trained
and untrained workers is 12.7% for men and 8.4%

for women. Under the treatment effects model, the
wage impact of training for an employee with

reference characteristics is 30.3% for men and
37.5% for women. The significance of the selection
term indicates that trained workers are not a random

group. This suggests that the OLS estimates are
downward biased. Therefore, the treatment effects
model is our preferred specification.

Our results indicate that the wage effects of
training in Portugal are higher than previously

thought. Hartog et al. (2000) estimates are 11.4%
for men and 6.7% for women. However, they do not
control for the endogeneity of training and, conse-
quently, their results are very close to our OLS

estimates. In Saraiva (1999), the estimated wage
return is 7% or lower.

As regards the effects of school qualifications, we
find that having primary, secondary and tertiary

Table 6. Wage returns to training – OLS and Treatment effects model

Men Women

OLS Treatment effects OLS Treatment effects

Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio

Training 0.127*** 9.46 0.303*** 4.29 0.084*** 6.29 0.375*** 6.35
Primary 0.196*** 24.38 0.187*** 20.55 0.210*** 24.38 0.193*** 20.38
Secondary 0.334*** 31.58 0.322*** 27.18 0.346*** 35.43 0.330*** 32.21
Tertiary 0.905*** 58.29 0.890*** 52.51 0.926*** 81.23 0.904*** 71.30
Experience 0.026*** 32.67 0.025*** 31.94 0.020*** 22.92 0.019*** 22.51
Experience squared (�100) �0.042*** �25.19 �0.041*** �24.62 �0.035*** �17.96 �0.034*** �17.63
Public sector 0.128*** 11.58 0.121*** 10.55 0.176*** 16.59 0.171*** 15.76
Part-time 0.145*** 4.03 0.143*** 3.98 0.151*** 9.13 0.152*** 9.16
6 years� tenure� 25 years 0.089*** 13.98 0.084*** 12.69 0.109*** 17.27 0.102*** 15.29
tenure>25 years 0.227*** 19.24 0.219*** 18.04 0.275*** 21.26 0.265*** 19.66
firm size<20 employees �0.058*** �8.90 �0.058*** �8.90 �0.045*** �6.46 �0.046*** �6.56
20� firm size� 500

employees
0.036*** 3.78 0.023** 2.15 0.010 1.19 �0.006 �0.67

Food, drinks and tobacco �0.051*** �3.58 �0.047*** �3.33 �0.020 �1.22 �0.015 �0.94
Retail �0.065*** �5.29 �0.064*** �5.15 �0.074*** �6.62 �0.070*** �6.16
Wood and paper �0.032** �2.47 �0.031** �2.34 �0.023 �1.06 �0.026 �1.18
Chemical products 0.059*** 3.93 0.060*** 3.99 0.045** 2.14 0.047** 2.20
Metallurgy 0.000 0.01 0.000 0.05 0.047*** 3.62 0.046*** 3.48
Construction 0.041*** 4.77 0.043*** 4.94 0.096*** 3.25 0.104*** 3.46
Restaurants �0.083*** �5.19 �0.084*** �5.21 0.015 1.21 0.010 0.79
Transports 0.106*** 7.98 0.105*** 7.88 0.176*** 7.10 0.172*** 6.82
Insurance, finance 0.398*** 20.98 0.390*** 20.14 0.358*** 13.49 0.340*** 12.67
Public administration 0.011 0.81 0.010 0.78 0.103*** 6.47 0.096*** 5.86
Education 0.025 1.29 0.029 1.49 0.102*** 7.20 0.108*** 7.45
Health �0.027 �1.59 �0.027 �1.56 0.003 0.25 0.000 0.01
Culture, sport, leisure 0.015 0.51 0.012 0.41 0.005 0.33 �0.007 �0.42
Others 0.044*** 2.58 0.040** 2.34 0.004 0.36 0.004 0.38
Selection term �0.089** 2.52 �0.145*** 4.89

No. of observations 15 016 12 145

Notes: *Signals significant at the 10% level, **signals significant at the 5% level and ***signals significant at the 1% level.
The reference individual is an untrained worker with less than primary education, <6 years of tenure, working full-time in the
private, commerce sector, in a firm with more than 500 workers.
Control variables are included for region and quarter.
SE are obtained using White’s (1980) method.
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education raises wages by about 20, 33 and 90%,
respectively. The estimated returns are practically
identical for men and women. As expected, hourly
wages are higher among employees with more
experience and tenure. Working part-time, in a
relatively large firm and in the public sector is
associated to additional wage increases. Construction,
chemical products, insurance and finance are sectors
that pay higher wages. Men working in activities
related to food, wood and article production, retail
and restaurants earn lower wages. Among women,
metallurgy, public administration, transports and
education are associated to higher wages.

Differences across skill groups. In Table 7 we
present a more elaborated model where the training
dummy interacts with education and experience
levels. To save space, we omit the activity sectors.

As a main result, gains from training are largest
for less educated and high experienced workers, that
is, for those workers who typically participate less in
training activities. In the preferred treatment effects

model, men with reference characteristics earn a
42% wage increase from training. Among women, the

estimated increase is 55%. These coefficients fall

dramatically among high educated and low experi-
enced workers. On the one hand, having a tertiary

degree decreases the estimated effect by 21.5% points

for men and 15.7% points for women. On the other

hand, having <26 years of experience reduces the
premium by at least 7.4% points. Among workers

with <6 years of experience, this decrease is much

sharper: 13.0% points for men and 17.7% points for
women.

An important difference between men and women

has to due with the role of education and experience.
For men, education is a more important determinant

of the returns to training than experience. As

opposite, experience is a more important factor
among women.

Overall, our results indicate that training in the

Portuguese labour market is remedial, that is, it

provides valuable skills to those workers with low
qualifications. As a consequence, sharper wage effects

Table 7. Wage returns to training – OLS and Treatment effects model with interaction terms

Men Women

OLS Treatment effects OLS Treatment effects

Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio

Training 0.221*** 9.16 0.420*** 6.49 0.178*** 4.86 0.551*** 8.78
Primary 0.194*** 23.47 0.184*** 20.67 0.205*** 23.23 0.190*** 20.35
Secondary 0.338*** 30.49 0.324*** 27.31 0.346*** 34.41 0.331*** 31.82
Tertiary 0.920*** 56.70 0.904*** 52.62 0.932*** 79.44 0.912*** 72.91
Experience 0.025*** 31.97 0.025*** 31.51 0.019*** 22.31 0.019*** 22.14
Experience squared (x 100) �0.041*** �24.76 �0.041*** �24.34 �0.034*** �17.60 �0.034*** �17.41
Public sector 0.126*** 11.44 0.116*** 10.18 0.174*** 16.45 0.169*** 15.55
Part-time 0.146*** 4.08 0.144*** 4.05 0.152*** 9.17 0.154*** 9.26
6 years� tenure� 25 years 0.088*** 13.92 0.083*** 12.66 0.107*** 17.04 0.099*** 15.08
Tenure>25 years 0.222*** 18.84 0.213*** 17.59 0.270*** 20.96 0.257*** 19.30
Firm size<20 employees �0.057*** �8.89 �0.058*** �8.89 �0.045*** �6.44 �0.046*** �6.45
20� firm size� 500

employees
0.034*** 3.57 0.018* 1.66 0.0077 0.92 �0.009 �0.98

Selection term �0.115*** 3.59 �0.159*** 6.62

Interaction terms

Primary 0.002 0.05 �0.044 �1.25 0.045 1.23 �0.024 �0.66
Secondary �0.029 �0.82 �0.077** �2.03 0.020 0.54 �0.046 �1.23
Tertiary �0.162*** �3.61 �0.215*** �4.62 �0.087** �2.32 �0.157*** �4.18
Experience<6 years �0.182*** �4.72 �0.130*** �3.18 �0.231*** �5.48 �0.177*** �4.07
6 years� experience� 25

years
�0.091*** �3.19 �0.074*** �2.59 �0.091*** �2.77 �0.074** �2.27

No. of observations 15 016 12 145

Notes: *Signals significant at the 10% level, **signals significant at the 5% level and ***signals significant at the 1% level.
The reference individual is an untrained worker with less than primary education, more than 25 years of experience, <6 years
of tenure, working full-time in the private, commerce sector, in a firm with more than 500 workers.
Control variables are included for region and quarter.
SE are obtained using White’s (1980) method.
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are observed among low educated workers. As
regards experience, our results indicate that training
helps to update the skills of workers whose formal
qualifications are more obsolete. As a consequence,
more experienced employees end up receiving larger
wage benefits. A complementary explanation is that
workers with longer experience have more bargaining
power than job entrants and, therefore, can capture
a larger premium from their training investment.

Differences between the private sector and the public

sector. In this section, we ask whether and to what
extent the wage effects of training in the public and
the private sector are different. To that purpose,
we split the sample into private and public servants
and recalculate the returns to training for both sub-
samples. In Tables 8 and 9, we report the OLS
and treatment effects estimates of a model with
interaction terms.

According to the preferred treatments effects
model, women earn a higher return in either sector.
The coefficient on training for an employee with
reference characteristics is similar in both sectors.
However, the interaction between training and skills
differs importantly across sectors. On the one hand,
in the private sector experience is a strong determi-
nant of the returns to training. After controlling for

selection bias, we find that private servants with
<6 years of experience earn 13.6% points less in the
case of men and 23.9% points less in the case
of women from training than workers with long
experience. In the public sector, differences
across experience levels are much smaller. Among
women, experience is not a determinant of the
profitability of training, indeed. Among men, only
those with an experience ranging from 6 to 25 years
earn a lower return. On the other hand, in the public
sector education is a key factor affecting the returns
to training. In the treatment effects model, men with
tertiary and secondary education earn, respectively,
25.9 and 13.7% points less from training than
men without formal qualifications. Among women,
the differential rises to 33.8 and 23.1% points,
respectively. In contrast, in the private sector
only men with tertiary education appear to receive
a lower return from training. In this case, the
differential of 19.2% points is lower than in
the public sector.

Overall, our results indicate that the interaction
between training and individual characteristics differs
importantly across sectors. The main lesson is that
less experienced individuals earn less from training in
the private sector, while more educated individuals
earn less from training in the public sector.

Table 8. Wage returns to training in the private sector – OLS and Treatment effects model with interaction terms

Men Women

OLS Treatment effects OLS Treatment effects

Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio

Training 0.184*** 6.09 0.437** 2.56 0.157*** 3.40 0.540*** 8.63
Primary 0.170*** 18.40 0.160*** 14.63 0.151*** 14.86 0.135*** 12.64
Secondary 0.292*** 22.52 0.275*** 17.25 0.277*** 23.91 0.256*** 21.46
Tertiary 0.860*** 35.36 0.841*** 30.73 0.795*** 35.44 0.759*** 31.86
Experience 0.024*** 27.87 0.024*** 27.25 0.017*** 17.20 0.017*** 16.86
Experience squared (x 100) �0.039*** �20.90 �0.039*** �20.52 �0.032*** �14.39 �0.032*** �14.04
Part-time 0.101*** 2.59 0.098** 2.53 0.134*** 7.92 0.134*** 7.77
6 years� tenure� 25 years 0.076*** 11.07 0.071*** 9.35 0.077*** 11.02 0.069*** 9.50
tenure>25 years 0.188*** 13.98 0.180*** 12.86 0.181*** 10.87 0.170*** 9.97
firm size<20 employees �0.062*** �8.89 �0.064*** �8.91 �0.058*** �7.16 �0.061*** �7.35
20� firm size� 500 employees 0.042*** 3.80 0.028** 2.04 0.004 0.48 �0.010 �1.01

Selection term �0.120* �1.83 �0.188*** �8.18

Interaction terms

Primary 0.006 0.14 �0.043 �0.81 0.076* 1.71 0.016 0.36
Secondary �0.004 �0.09 �0.063 �1.08 0.092** 2.03 0.024 0.53
Tertiary �0.137* �1.72 �0.192*** �2.27 0.047 0.63 �0.011 �0.16
Experience<6 years �0.186*** �4.06 �0.136*** �2.40 �0.288*** �4.58 �0.239*** �3.95
6 years� experience� 25 years �0.060 �1.54 �0.043 �1.11 �0.115** �2.14 �0.105** �2.02

No. of observations 11 764 8 457

Notes: *Signals significant at the 10% level, **signals significant at the 5% level and ***signals significant at the 1% level.
The reference individual is an untrained worker with less than primary education, more than 25 years of experience, <6 years
of tenure, working full-time in the private, commerce sector, in a firm with more than 500 workers.
Control variables are included for region and quarter.
SE are obtained using White’s (1980) method.
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Differences across training types. In the following,
we exploit our three alternative classification criteria
in order to characterize the returns to different types
of training. We summarize the results in Table 10.

First, we focus on the internal-external distinction.
As Panel A shows, company training carries a larger
return than external training. After controlling for
selection bias, the coefficient on external training
turns to nonsignificant for men, while among women
it is sensitively lower than the coefficient on internal
training. In the previous section we found that, as
compared to men, women are more prone to train
externally. This pattern may obey to a labour market
signal, insofar as women obtain positive wage gains
by enrolling into activities off-the-firm.

Next, we differentiate between current skills and
future skills training. The OLS estimates indicate that
workers who enrolled in future skills training earn, on
average, higher wages. However, once we control for
selection bias, the coefficient on future skills training
turns to nonsignificant. As opposite, training to
improve skills that are needed at the current job is
associated to positive and significant wage increases.

It is common in the literature to use the distinction
between external and internal training to proxy the
distinction between general and firm-specific training.

Similarly, skills acquired for the current job are
expected to be more specific than those skills acquired
for a future job. Thus, we can use the previous two
classifications to test whether general or specific skills
attract larger wage increases. Our results indicate that
specific training gives largest wage gains. This finding
confirms the intuition that specific skills are more
valuable by the current employer than skills that can
be used at other jobs.

Finally, Panel C shows that short duration training
raises wages more than long duration training. Our
estimates seem to contradict the intuition that
investing in human capital for longer periods must
yield larger gains. It turns out, however, that more
than 40% of the training with a short duration is
internal an aimed to improve current skills, while this
proportion falls to nearly 17% for training with a
duration of 1 year or more. Thus, the coefficient on
short duration training reported in Panel C is
partially capturing the (positive) effects of internal
and current skills training.

The research on incidence, extent and impacts of
training is biased towards participation versus non-
participation in training, while corresponding results
for the role of the intensity are mostly lacking. This is
basically due to the lack of appropriate data. We are

Table 9. Wage returns to training in the public sector – OLS and Treatment effects model with interaction terms

Men Women

OLS Treatment effects OLS Treatment effects

Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio Coeff. t-Ratio

Training 0.252*** 6.55 0.394*** 3.22 0.245*** 3.76 0.579*** 5.80
Primary 0.280*** 14.94 0.268*** 12.21 0.311*** 18.08 0.285*** 15.22
Secondary 0.465*** 21.66 0.4540*** 19.14 0.490*** 25.29 0.471*** 23.65
Tertiary 1.025*** 45.46 1.014*** 40.20 1.040*** 73.92 1.022*** 68.18
Experience 0.028*** 13.33 0.027*** 13.25 0.020*** 11.70 0.020*** 11.62
Experience squared (� 100) �0.043*** �11.14 �0.043*** �11.01 �0.028*** �7.51 �0.028*** �7.51
Part-time 0.334*** 4.05 0.336*** 4.08 0.239*** 4.94 0.245*** 5.10
6 years� tenure� 25 years 0.154*** 9.39 0.147*** 8.45 0.192*** 14.41 0.178*** 12.86
tenure>25 years 0.323*** 12.81 0.311*** 11.16 0.369*** 17.68 0.351*** 16.18
Firm size<20 employees �0.031* �1.90 �0.029*** �1.75 �0.021* �1.66 �0.022* �1.67
20� firm size� 500 employees 0.003 0.18 �0.012 �0.54 0.026 1.51 0.000 0.01

Selection term �0.074 �1.19 �0.172*** �5.12

Interaction terms

Primary �0.057 �1.08 �0.076 �1.43 �0.109 �1.52 �0.175** �2.43
Secondary �0.121** �2.01 �0.137** �2.27 �0.183** �2.49 �0.231*** �3.15
Tertiary �0.240*** �3.96 �0.259*** �4.23 �0.277*** �4.17 �0.338*** �5.06
experience<6 years �0.063 �0.85 �0.050 �0.67 �0.020 �0.28 0.015 0.21
6 years� experience� 25 years �0.087** �2.07 �0.082** �1.97 �0.000 �0.00 0.009 0.22

No. of observations 3 252 3 688

Notes: *Signals significant at the 10% level, **signals significant at the 5% level and ***signals significant at the 1% level.
The reference individual is an untrained worker with less than primary education, more than 25 years of experience, <6 years
of tenure, working full-time in the public, commerce sector, in a firm with more than 500 workers.
Control variables are included for region and quarter.
SE are obtained using White’s (1980) method.
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aware that our distinction between activities of long

duration and short duration is a rough measure of

training intensity. However, it constitutes an initial

attempt to provide further light on the connection

between training effort and wages in Portugal.
Tables 11 and 12 report the main estimates of the

treatment effects models with interaction terms. We

omit the corresponding OLS estimates. We find that

for most training types the returns are significantly

lower for more educated individuals. Thus, for

example, male workers with a university degree earn

a wage return from internal, current skills and short

duration training that is nearly 40% points lower

than the return earned by male workers with less than

primary education. Two exceptions are future skills

and long duration training, for which differences

across education groups are not significant. Among

women, the wage differential between workers with

a university degree and workers with less than

primary education ranges from 18.6% points in the

case of future skills training to 36.8% points in the

case of long duration training.
We also detect important differences across experi-

ence groups. For men with <6 years of experience,

the estimated coefficient on external and long

duration training is, respectively, 12.8 and 18.1%

points lower. In contrast, the wage return of the

remaining categories of training does not depend

on experience. Among trained women, those with less
experience earn a lower return from all training
categories.

V. Conclusion

In this article we have explored the extent, determi-
nants and wage effects of training in Portugal.
In a first stage, we found considerable differences in
training participation across groups, with elder, low
educated workers participating substantially less in
training activities. In a second stage, we explored
the impact of training on wages. Our main findings
can be summarized as follows. The wage effects
of training activities are large and significant.
Discriminating between education and experience
levels, genders and the public and private sector
uncovers important differences across categories of
workers. Women, workers with low qualifications
and workers with long working experience earn
significantly more from training. The average effect
of training is similar in the private sector and the
public sector. However, the interaction between
individual characteristics and training differs between
sectors. Differences across experience groups are
larger in the private sector, while differences across
education groups are larger in the public sector.

Table 10. OLS and treatment effects estimates for alternative definitions of training

Men Women

OLS Treatment Effects OLS Treatment Effects

(A) Training location
Internal 0.174*** 0.850*** 0.125*** 0.601***
Selection term �0.321*** �0.215***
External 0.087*** 0.102 0.059*** 0.514***
Selection term �0.008 �0.210***

(B) Training purpose
Current skills 0.124*** 0.754*** 0.081*** 0.700***
Selection term �0.304*** �0.299***
Future skills 0.134*** �0.200 0.095*** 0.257
Selection term 0.141** �0.066

(C) Training duration
Long duration 0.072*** 0.526*** 0.098*** 0.499***
Selection term �0.186*** �0.167***
Short duration 0.146*** 1.160*** 0.079*** 1.427***
Selection term �0.483*** �0.630***

Notes: *Signals significant at the 10% level, **signals significant at the 5% level and ***signals significant
at the 1% level.
The reference individual is an untrained worker with less than primary education, <6 years of tenure,
working full-time in the private, commerce sector, in a firm with more than 500 workers.
Control variables are included for region and quarter.
SE are obtained using White’s (1980) method.
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We used three alternative classifications of training
activities and found that training in the firm, training
aimed to improve skills needed at the current job and
training with a duration less than a year are
associated with larger wage gains.

As a shortcoming, our article considers only
participation in training activities. It does not take
into account the amount, quality and costs of such
activities. Such information would be valuable to
shed light on important questions, such as the net
returns on human capital investment that employers
and employees earn and the complementarities
between different training schemes. Further, we use
cross-sectional data. Longitudinal data containing
the timing of the investment in which earnings
growth is the focus of the analysis is preferable,
insofar as the temporal ordering of cause and effect
can be established. Unfortunately, in the Portuguese
Labour Force Survey individuals are seldom kept for
more than a few quarters and the impact of training
events on earnings growth can not be properly
assessed. Further progress in the acquisition and
development of new training data could help fill
these gaps11.

Nonetheless, we can draw some tentative conclu-
sions with the limited data currently available. First,
the incidence of training in Portugal is one of the
lowest in Europe, while the estimated returns to
training appear to be considerable. Therefore,
policies aimed to encourage and increase the overall
participation in training may be of particular
importance. Second, it has been argued that the
different returns observed across different types of
workers are due to barriers to the access to training.
The argument is that workers and employers would
increase training participation across categories of
workers until their marginal productivity equalize.
According to this, we find that barriers are impor-
tant, with low qualified workers typically participat-
ing less in training schemes. Third, training appears
to be remedial, i.e. it provides valuable skills to
workers with low education attainment. In the
international literature, there is no general consensus

concerning the returns that workers with different
educational background receive from training12.
We find that in Portugal the wage effects of training
are much larger for low educated workers. This
suggests that policies aimed to facilitate the access
to training of the less qualified are expected to
reduce wage inequality. Assistance from the
European Social Fund can contribute importantly
to implement such policies. Unfortunately, according
to the monitoring committees, execution rates are
being rather low in Portugal. This warns that an
important opportunity to improve the labour market
position of less favoured individuals is, therefore,
being lost.

Recently, the OECD has recommended that
reforms in the Portuguese Labour Market should be
accompanied by a stronger emphasis on training.13

This article is an attempt to provide useful informa-
tion regarding those types of training and groups
of workers towards which those reforms should
be oriented.
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Appendix A. Training Questions in the IE,
1998–2000

. Apart from formal schooling, have you com-

pleted any training scheme as a formation for a

professional activity? (1¼ yes, 2¼ no)
. What type of training?

(1) Vocational formation of tertiary level
(2) Specific professional formation with one

year or longer duration
(3) Any training with less than one year

duration
(4) Other.

. Where did you receive this training?
(1) University or college
(2) Firm
(3) Training centre
(4) Vocational school
(5) Other.

. What was the objective of the training activity?
(1) To help get started with a first job
(2) To improve or update skills
(3) To switch to another job or duties
(4) Within a program of promotion of employ-

ment: initial training
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(5) Within a program of promotion of employ-
ment: continuous training

(6) For personal interest
(7) Other

Appendix B. Hausman Test for the IIA
Assumption

The Hausman test is based on estimating the multi-
nomial logit for the full sample and for a restricted
sample, where the restricted sample results from
dropping the observations corresponding to one of
the alternatives of the dependent variable (omitted
category). The statistic is

�2 ¼ ð�̂r � �̂uÞ
0

½V̂r � V̂u�ð�̂r � �̂uÞ

where r indicates the estimators based on the restricted
sample, u indicates the estimator of the unrestricted
sample and V̂r and V̂u are the respective estimates
of the asymptotic covariance matrices. The statistic
has a chi-squared distribution with K� 1 degrees of
freedom, whereK is the number of regressors. The null
hypothesis, H0 states that the difference in the
coefficients is not systematic (IIA assumption).
Negative values of the statistic must be interpreted as
strong evidence in favour of the null hypothesis.

Appendix C. Quality of the
Excluded Instruments

It is well-known that the hypothesis test relating to
the endogeneity of training can be extremely sensitive
to the identifying variables used and this should
always be borne in mind when conducting a test for
selection bias. We need to interrogate the data
carefully playing particular attention to the identify-
ing instruments and the sensitivity of the estimated
selection effects to alterations in this instrument set.

In the first row of Table 1C we report the
coefficient on training under alternative specifications
of the participation equation. Each column indicates
the instruments that have been excluded (i.e. the set

of instruments that have been included in the training
equation but excluded in the wage equation). The
results reported in the article correspond to specifica-
tion (3). Luckily to us, changes in the participation
equation have only a small impact on the estimated
effect of training. This finding gives us some con-
fidence about the robustness of our results. In all
cases, the selection term is significant at the 5% con-
fidence level, which suggests that trained workers are
not a random group. We conclude, therefore, that a
treatment effects model is preferred to an OLS model.

It is well known that instruments should be valid,
i.e. they must be uncorrelated (orthogonal) to the
structural error. Otherwise, the estimates are likely
to be biased and inconsistent. Moreover, instruments
must be relevant, i.e. they must be sufficiently
correlated with the endogenous regressor. Bound
et al. (1995) have shown that a weak correlation
between the endogenous variable and the instruments
will exacerbate the problems associated with a cor-
relation between the instruments and the structural
error.

In Table 1C we check the quality of the excluded
instruments using the Sargan’s test for orthogonality
and the Bound et al. test for the significance
of the excluded instruments. In column (1), having
a second job, marital status, looking for an extra job
and residence abroad are the excluded instruments.
According to the F-test, these instruments are jointly
significant. However, the Sargan’s test detects
significant correlation between the error terms of
the training equation and the wage equation.

Column (2) shows that reducing the number of
instruments does not necessarily solve the problem
of orthogonality. In column (3) the set of excluded
instruments has been restricted to pass the orthogon-
ality test. The F-statistic is highly significant and
compares favourably to the criteria suggested by
Bound et al. Moreover, comparing the partial
R-squared in columns (1) and (3) reveals that using
four instead of two excluded instruments does not
change the explanatory power of the training
equation by very much. Finally, in column (4) the
model is just identified.

Table 1B. Chi-squared statistics

Classification Omitted category
Chi-squared Prob>chi-squared

Men Women Men Women

Location Internal training �1.02 �0.17 – –
Purpose Current skills training �0.38 �0.26 – –
Duration Long duration training �1.70 �0.68 – –
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