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Fluctuations in the wage gap between

vocational and general secondary education:

lessons from Portugal ∗

Joop Hartog† Pedro S. Raposo‡ Hugo Reis§

Abstract

We document and analyse the wage gap between vocational and general sec-

ondary education in Portugal between 1994 and 2013. As Portuguese workers have

been educated in different school systems, we have to distinguish birth cohorts.

Analysing the wage gaps within cohorts, we find no support for the human capital

prediction of crossing wage profiles and no support either for the hypothesis that

general graduates increasingly outperform vocational graduates in late career. We

discover that the lifecycle wage profiles have shifted over time. We link the pattern

of shifting cohort profiles to changes in the school system and in the structure of

labour demand. We conclude that assessing the relative value of vocational ed-

ucation requires to assess how the vocational curriculum responds to changes in

economic structure and technology. We show that the decline in assortative match-

ing between workers and firms has benefitted vocationally educated workers.
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1 Introduction

Debates on the relative value of vocational versus general education have a long history

among educators, politicians, lobbying employers and labour unions and opinion leaders.

It is a very broad issue, considering arguments such as intellectual and cultural preparation

for adult life, citizenship and lifetime labour market prospects, too broad for analysis in

a single sweep. In this paper we will restrict our attention to one aspect of labour market

effects, wage differentials.1 Portugal is an interesting case to study, as the division between

vocational and general education, at the secondary level, has not been constant over time

and we can study effects of the changes.

We consider only effects at secondary level. At the primary level, there is usually no

distinction between vocational and general education, at tertiary level, the distinction is

not easily made (is all polytechnic vocational and all university, including medicine and

architecture, general education?). At the secondary level, the distinction is easier, as

it is explicitly recognized in the institutional nomenclature. As we restrict attention to

graduates who do not advance to tertiary level, we examine a relatively homogenous pop-

ulation, with the same length of schooling, and, as we illustrate below, modest differences

in abilities, and possibly ambitions and motivation, certainly when compared to the more

common analyses among tertiary graduates.

Vocational education will prepare rather directly for specific occupations and train the

students in the skills needed in these occupations. General education teaches more general,

more basic abstract skills not directly related to tasks in particular occupations. Human

capital theory predicts that vocational graduates will have an earnings advantage at the

start, as they need less on-the-job training and that graduates from general education

will catch up as their on-the–job investments will pay-off. The lifecycle earnings profiles

will cross as identical schooling length will lead to equal lifetime earnings. The crossing

argument is reinforced as general education is commonly also assumed to bring better

adaptability to labour market dynamics, and hence, easier switching from decaying to

newly emerging technologies. Becker (1994) already pointed to this effect, by suggesting

an advantage for a liberal education: the long pay-off period increases the advantage of an

education that is useful in many economic environments. The prediction is at the heart of

human capital theory in an abstract world that can only be tested in specific institutional

environments. In this paper, we offer an analysis for the case of Portugal.2 Evidence on the

1Eichhorst, Rodriguez-Planas, Schmidl, and Zimmermann (2015) present an institutional overview
of systems of vocational training and a survey of their returns estimated in industrialised countries.
Carneiro, Dearden, and Vignoles (2010) also gives a comprehensive survey of the economics of vocational
education. Zimmermann, Biavaschi, Eichhorst, Giulietti, Kendzia, Muravyev, Pieters, Rodriguez-Planas,
and Schmidl (2013) survey the literature on the effect of vocational education on unemployment.

2We focus specifically on the dimension of risk in a separate paper. Torun and Tumen (2019) consider
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relative benefits of vocational and general education is not unambiguous and institutional

details may well play a substantial role here. Portugal experienced substantial changes

in the division between vocational and general education at the secondary level, which

compel us to analyse the wage gap by education cohorts. As the gap turned out to vary

markedly among cohorts, we also analyse this pattern.

There are several studies on the relative wage effects of general versus vocational edu-

cation, but results are not unequivocal. Golsteyn and Stenberg (2017) find some evidence

for a trade-off between initial advantage for vocational and later advantage for general

education in Sweden, while for the UK, Brunello and Rocco (2017b) find evidence only for

the group with lower vocational education. Hanushek, Schwerdt, Woessmann, and Zhang

(2017) find evidence for the trade-off in countries with strong emphasis on apprenticeship

programs. Woessmann (2008) and Machin and Vignoles (2005) find that a less developed

vocational system acts as a negative signal and that returns are lower. The importance of

the institutional structure of education is also stressed in the survey by Carneiro, Dearden,

and Vignoles (2010) who acknowledge that returns to vocational education are often high

in countries with well-developed and established vocational education/apprenticeships

systems (e.g. Acemoglu and Pischke (1999)); Heckman (2000) points to the importance

of a competitive market for apprentices for higher returns to vocational education. For

Portugal, Pereira and Martins (2001) find that with a Mincer earnings function over the

period 1982-1995, a lower secondary technical degree pays always more than the academic

counterpart and that upper secondary vocational education paid better than general edu-

cation in 1994 and 1995. Oliveira (2015) finds that between 1993 and 2009, workers with

vocational education initially have a wage advantage over workers with general education,

but that wages are higher for workers with general education after some eight years of

experience.

Throughout this literature, a key concern is selectivity: are students in vocational and

general education indeed sufficiently comparable on the relevant dimensions? Methods

applied and results obtained differ. A strong indication of potential relevance is Malamud

and Pop-Eleches (2010) who examine relative benefits during Romania’s transition to a

market economy, when an educational reform shifted a large proportion of students from

vocational training to general education. They conclude, from a regression discontinuity

design, that selection was the main driver of differences in labor market returns between

graduates of vocational and general schools. Hanushek, Schwerdt, Woessmann, and Zhang

(2017) use a difference-in-differences estimator and control for individual-level measures of

ability and of family background, as well as country-specific changes in the size and ability

composition of the different education types over cohorts. They also employ propensity-

differences in employment patterns.
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score matching. Brunello and Rocco (2017b) apply a fixed-effects estimator and also

use detailed information on individual ability and early-life conditions when estimating

the parameters of employment and wage profiles. Golsteyn and Stenberg (2017) explore

family fixed effects and control for grade point average (GPA) at age 15, i.e., the year

prior to enrollment in vocational or general education in a context where students have the

same amount of completed schooling, and the programs (whether general or vocational)

were not intended to prepare for university studies. Fersterer, Pischke, and Winter-Ebmer

(2008) instrument time spent in apprenticeship when this time is truncated by firm failure

and find no evidence of selectivity bias in OLS estimates of the returns to apprenticeships

in Austria.

Selective hiring by firms also plays a crucial role in shaping wage differentials3, yet the

role of worker sorting across firms has been neglected in the general-vocational literature.4

To the extent that workers with vocational and general education may not be randomly

allocated to firms and firms wage policies are different, this could be an important channel

to shape the vocational wage gap. We will uncover a significant role for worker-firm

allocation.

From the literature on relative benefits of vocational versus general education high-

lights we identify as the main challenges: i) the potential systematic difference between

the two groups of individuals; ii) ensuring that the workers of one age cohort are otherwise

similar to those of another cohort; iii) allowing for differences in programs and institu-

tions. We deal with each of these issues, in a single country where institutions changed

over time. We document and interpret changes in the wage differential among graduates

from secondary education with a vocational and a general curriculum in Portugal, for

cohorts born between 1951 and 1994. Marked changes in the institutional structure of

education occurred during our period of observation. Before the Carnation Revolution

that started in 1974, there was a traditional system with focus on industrial and craft

occupations, after the Revolution there was a modern system with broader coverage of

types of occupation and less vocational content in the curriculum, while during the rev-

olutionary period, the distinction was formally abolished, but in practice often lived on,

thus creating a rather fuzzy system.

In our data we have only access to information on ability and family background in the

most recent cohorts. We find modest selectivity effects, precisely because we restrict our

population to students who do not advance to tertiary education, and we discuss potential

3Abowd, Kramarz, and Margolis (1999) started a very prolific line of research that explores longitudinal
linked employer employee datasets to quantify firm effects on wages.

4Over the last 50 years, the literature on the returns to schooling has made a noteworthy development;
however, the role of worker sorting across employers has not been addressed. An exception is the recent
work by Cardoso, Guimaraes, Portugal, and Reis (2018).
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effects in earlier cohorts. We allow for unobserved heterogeneity among individuals by

including individual fixed effects. But in contrast to the literature we also include fixed

effects for heterogeneity among firms. We find that the effect of unobserved firm het-

erogeneity is clearly more important than the effect of unobserved worker heterogeneity

and that the observed evolution of the wage gap can be explained from a change in the

assignment pattern of worker fixed effects and firm fixed effects.

The value of our analysis extends beyond Portugal. The issue has universal relevance

and our documentation and analysis expand the catalogue. We start from the human

capital prediction that wage profiles for general and vocational education will cross, as

general education needs more on-the-job training. This is a very general prediction in

a stylised theoretical environment that can only be tested in a real-world setting; the

prediction has no established empirical status and we add new evidence. Moreover, and

perhaps most importantly, we stress the importance of dynamics on the demand side

of the labour market, and we are convinced that this importance carries over to other

countries.

We make several specific contributions to the literature. First, we find that the com-

mon shape of the wage gap profile by age is weakly u-shaped: the gap first increases, then

tends to decrease. Second, in our specific institutional environment, we find that the wage

gap profiles shift over time also in a u shaped pattern: the distance among cohorts first

increases, then decreases. Third, we show that (unobserved) heterogeneity among firms

is more important than unobserved heterogeneity among workers for explaining the wage

gap. Fourth, we find that a decline in assortative matching between firm fixed effects

and worker fixed effects is an important factor to understand the evolution of the wage

gap over time. Fifth, we interpret the observed profile shifts within the interaction of the

dynamics of restructuring of the Portuguese economy and changes in the school system.

The paper is organised as follows. We present a brief history of the Portuguese school

system in Section 2 and indicate how the differentiation between vocational and general

education at the secondary level has evolved. We discuss the labour market and wage

setting in Section 3, and describe our data and address selectivity issues in Section 4.

In Section 5 and 6, we analyse respectively, the unconditional vocational wage premium

dynamics and the changing gaps between cohorts. In Section 7 we investigate the U-

shaped wage gap over working life. Section 8 concludes. An online appendix provides

detailed description of the international standard classification of occupations (ISCO) and

additional empirical results that have been omitted from the main text and appendix.
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2 The system of education in our sample period

General and vocational education are two different species. Vocational education is com-

monly described as preparing the graduate for direct entry into particular occupations or

jobs, whereas general education is of a broader nature, less focused on specific job skills

and generally requiring additional job specific training when entering the labour market.

General education at the secondary level also functions as preparation for more extended

education at the tertiary level, more so than vocational education. Thus, secondary gen-

eral education attracts the abler students intending to continue to the advanced level.

For proper comparison, we will only consider graduates from secondary education who

do not move on to obtain an advanced degree. Below we will show that students in gen-

eral education (in earlier classes) who do not continue to advanced education have only

marginally better scores on several academic performance measures. That suggests that

their potential productivity level right upon graduation would not differ much from that

of vocational graduates, and the same would hold for their potential wages.

With higher on-the-job investment for general graduates, and presumably higher in-

vestment costs charged to the employee, human capital theory would predict lower start-

ing wages for general graduates.5 Thus, human capital theory leads us to predict a wage

profile with larger experience slope for the general graduate and a lower starting wage,

i.e. crossing wage profiles. The argument may be more complicated however, if there is

comparative advantage, with the general graduate more productive in jobs following gen-

eral education and the vocational graduate more productive in jobs following vocational

education.

We compare the labour market outcomes for graduates with either general or voca-

tional upper secondary education. Both tracks take the same formal number of years

to complete.6 We only consider graduates who obtain no further degrees. Hence, as

in all datasets that use highest degree completed, they may have gone straight to work

after obtaining their secondary degree or have tried advanced education but failed. Try-

ing advanced education is rather uncommon after secondary vocational education, even

nowadays, but is more common among graduates from secondary general education, and

has become more common over time. Hence, the sample of vocational graduates can be

taken as a fairly representative sample of those who attend secondary vocational educa-

tion only, but our sample of general secondary graduates most likely contains a larger and

possibly increasing fraction of graduates who also have attended some tertiary education

5The argument would be reinforced if general graduates’ investment has a higher share of general
rather than specific on-the-job training and by Becker (1994)’s classical argument would lead to a larger
share of the cost passed on the employees.

6We have no information on repeating classes.
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but failed to graduate.

Our selection starts with the cohort born in 1951. For older cohorts, the school system

was unbalanced in the sense that general education had a lower and an upper level,

while vocational education had only lower secondary level. This implies that meaningful

comparison of graduates would have to deal with differences in length of education, a

complication we preferred to avoid.

On basis of its legal and institutional arrangements, we distinguish the evolution of

the secondary school system in three periods or cohorts: the traditional, the fuzzy and

the modern.7 In appendix, Figure A1 and Table A1 provide the details.

The traditional school system covers birth cohorts 1951-1961, and labour market entry

years 1969-1979 (with entry at age 18, with 11 years of schooling starting at age 7). There

were two cycles of general (basic) education, and then a bifurcation in a general track (the

lyceum) and a vocational track. Both take 5 years, in two tranches. Both general and

vocational secondary education were highly selective. Admission was based on results in

admission exams, separately for general and vocational. Access to a vocational school did

not simply follow after failing admission for general education, but required to pass the

separate admission exam. Results from the national exam when leaving primary education

(after 4th grade) were also taken into account. Participation in extended education,

beyond primary was quite low; participation in secondary education only started to rise

above 5% in the mid-seventies and by 1979, barely hit 10%.8 Furthermore, selection

among general and vocational was not on ability but rather on family background (wealth,

ambition for advancement through schooling).9 Vocational schools were local schools,

with strong ties to local industry, while general education was predominantly provided in

cities, by the government but also privately and by the church. General and vocational

education had the same curriculum in Portuguese and math although in vocational schools

the requirements were taken somewhat more leniently. The vocational schools were mostly

specialised in agricultural, commercial and crafts training.

The fuzzy period covers birth cohorts 1962-1967 and labour market entry years 1980-

1985. It was the era right after the Carnation Revolution of 1974 that ended the Salazar

dictatorship. Legally, the distinction between general and vocational secondary education

was abolished, on the argument that in the existing system selection was class-based and

7In line with international practice, we will refer to Primary and Lyceum 1st level as ”Primary” and
to the next two cycles as ”Secondary”; the lower of these two cycles (Lyceum 2nd level and Vocational
2nd level in the traditional system) as ”Lower Secondary” and the higher of the two (General Secondary
and Vocational Secondary) as ”Upper Secondary”.

8Source: ”50 Anos de Estatsticas da Educao: Volume I”, Figure 14 in page 9,- Gabinete de Estatstica
e Planeamento, Outubro de 2009.

9This was the general perception during that period that was also transmitted by the director from
the ministry of Education (DGEEC - Directorate-General for Education and Science Statistics).
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that every child would be entitled to a general education. In practice, the old system

essentially persisted, be it with much freedom for schools to organise the curriculum as

they wished. Students may have made all kinds of switches between tracks that have not

been properly recorded. As is typical for revolutions, this is a somewhat chaotic period.

A student born in this cohort may have started in the unified system and finished in

the dual system. Our classifications of general or vocational education are taken from

employer registration, and hence, in this fuzzy period, just as in the other periods, we

will trust their assessment. We call this period fuzzy as the formal ruling of the Ministry

of Education on school curriculum is not strictly applied. Data reliability is not different

from the other periods. Classification is done by the employer, checked by the union,

openly published in the firm and in annual meetings employer, union and government

officials discuss the data.

In the modern system, for birth cohorts 1968-1995, labour market entry years 1986-

2013 there is a return to the dual system. From birth cohort 1971 on (labour market en-

try year 1989), this has been legally formalized as a system with 3 years of general lower

secondary education and 3 years of differentiated upper secondary education. Compared

to the traditional system of 5 years of differentiated secondary education, there is now 3

years of differentiated secondary education. It now takes 12 years of schooling to graduate,

but the labour market entry age is still 18, as school starts one year earlier, at age 6. This

period saw the creation of fifty vocational schools, following a commitment to enlarge and

diversify the provision of education (Oliveira (2015)). In vocational education, there are

technical craft-type courses, professional courses and specialized art courses, all aimed at

entry into the world of work, and catering to the new structure of production that has

evolved since the days of the traditional vocational schools. In the traditional period,

secondary education was a system with tight norms for the able and the ambitious, in a

world where few had extended education; in the modern period it is an education with

much larger participation, more variation in tracks and more variation in education stan-

dards. From the mid-eighties to the mid-nineties, participation in secondary education

rose from some 15 to some 60%.10

As Figure A1 in appendix shows, in each period, graduates had completed 6 years

of basic education; initially, school started at age 7, but after 1971, it started at age 6.

In the traditional system, on top of their basic education, vocational graduates had 5

years of vocational education, general graduates had 5 years of general education. In the

modern system, secondary graduates had 3 years of general education and either 3 years

of vocational or 3 years of general education. The middle period had formally 5 years

10Source:”50 Anos de Estatsticas da Educao: Volume I”, Figure 14 in page 9,- Gabinete de Estatstica
e Planeamento, Outubro de 2009.
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of non-differentiated education; in practice, graduates are distinguished by employers as

generally or vocationally educated, but with some fuzziness as schools could make their

own decisions on the curriculum. Within our 3 basic cohort classes, we make additional

distinctions for a more detailed perspective on changes over time: two sub-cohorts in

the traditional period, 3 in the modern period, with a separation in 1971 to reflect the

extension of schooling length and school entry at an earlier age.

3 Labour Market and Wage Setting

The Carnation Revolution of 1974 also affected the labour market.11 Just as the school

system, the labour market was in some state of confusion and turmoil that lasted until the

early 1980’s and may be said to have ended in 1986, when Portugal joined the European

Community. Such developments may have affected labour market entrants in particular.

If so, this should be reflected in differences between the first sub-cohort in the tradi-

tional period and later cohorts, born between 1956 and 1971. Over time, the composition

of our student populations will have changed in terms of ability and parental background,

as accessibility and the relative socio-economic position of schooling levels and school

types have changed substantially. We cannot trace these developments over our entire

sample period, but we will pay attention to this issue in section 4.2.12

Collective bargaining plays a central role in the Portuguese labor market, as in sev-

eral other continental European economies. Indeed, massive collective agreements, often

covering an industry, are common in the economy. Firm level collective bargaining tra-

ditionally covers a low share of the workforce, less than 10%. Extension mechanisms are

common, either by mandatory government regulation or on a voluntary basis, as em-

ployers automatically apply the contents of collective agreements to their non-unionized

workforce.

Despite the relevance of collective bargaining, firms have always enjoyed some degree

of freedom in wage setting. Cardoso and Portugal (2005) have documented that wage

cushion (or wage drift, the difference between the actual wage level and the bargained wage

level) promotes an alignment of wages with firm-level conditions. They show that once

mandatory contract wages have been set, firm-specific arrangements stretch the returns

to worker and firm attributes and shrink the returns to union power. The existence of

wage cushion therefore leaves ample scope for firms to define distinct wage policies. It

11This text on wage setting is largely based on Cardoso, Guimaraes, Portugal, and Reis (2018).
12As we do not know exactly when a student started school, for the purpose of cohort assignment we

assumed that the school entering year corresponds to the birth year, independently of the month of birth.
Thus, for each year, we assume that everyone born in one particular year started school in the same year.
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follows from such an institutional setting that it is of key interest to quantify the impact

of the firm when estimating the returns to education.

A national minimum wage is enforced in Portugal, defined as a monthly rate for

full-time work. Currently, sub-minimum wage levels apply only to physically disabled

workers and trainees, after all reductions based on age were abolished in 1999. The

minimum wage develops rather smoothly over time, shares of covered vocational and

general educated workers at entry ages 18-25 (where impact may be strongest) increase

over time but are about equal from 1994 to 2008 and differ by almost 4 percentage points

in the years 2009-2013 (27.0% for general and 23.3% for vocational). Over time, there

have been changes in labour market institutions, but none aimed for differential impact

on vocational and general graduates of secondary education. Legal minimum wages were

introduced in 1974, and minimum youth wages, as a fraction of the general minimum,

were gradually increased. Before the 1990’s, unemployment benefits were virtually non-

existent, with unemployment assistance covering less than 10% of the jobless in 1985. The

unemployment rate went up sharply after 1973, to a peak in 1986 and then tapered off.

See Portugal and Cardoso (2006) and Bover and Portugal (2000) for further details.

4 Data

4.1 Sample selection and sample composition

We use data from the Portuguese Quadros de Pessoal (QP), a longitudinal dataset that

covers all workers in firms with at least one employee, irrespective of age, starting in 1994

(information on schooling type is not available earlier). The data are gathered annually

by the Ministry of Solidarity, Employment and Social Security, based on an inquiry that

every establishment with wage-earners has to fill in under legal obligation. Currently

QP annually gathers information in a reference month for more than 300,000 firms and

3 million workers (Portugal has about 10 million inhabitants). Given the mandatory

nature of the inquiry and the fact that these data cover all wage earners in the private

sector, problems associated with attrition are mitigated.13 The QP contains detailed

information on the workers, including gender, age, schooling, hours worked and monthly

earnings split into several components, i.e. base wage, regular payments (e.g. seniority),

irregular benefits (e.g. profits and premiums) and overtime payments. The QP also

provides detailed information on the firm, such as geographic location, industry and size.

13Hartog and Raposo (2017) tested a relation between starting wage and wage risk. For respondents
lost from the QP panel they added information from Social Security records, thereby reducing sample
attrition to just a few percent. Using that information did not affect the estimation results for the QP
data only. This suggests that sample attrition is not selective on wages or wage dispersion.
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The data are provided by the employer under government regulation, which helps to

restrain measurement errors.14 Civil servants are not covered by QP15 and we deleted

the self-employed as the data on this category is too noisy; the shares of self-employment

among vocational and general graduates barely differ (see below). We use data from 1994-

2013, restricted to birth year cohorts 1951-1995. Data definitions are given in Table A2

in appendix, and sample statistics in Table 1. (Upper secondary) vocational and general

education are defined as in the standard educational classification which is provided to

employers with the survey instructions. In case a worker’s level of education is reported

differently in different years, we use the mode.

Table 1: Descriptive Statistics - General versus Vocational

Hourly Male Age Tenure Firm
wage size

N (log) (%) (years) (years) (log)
Panel A: General vs Vocational

General 5,314,533 0.59 0.50 33.64 6.77 2.37
Vocational 951,792 0.54 0.54 33.61 6.95 2.39

6,266,325
Panel B: Six Cohorts in detail
Cohort 1a 1951-1956 General 268,428 1.03 0.60 49.26 14.73 3.06

Vocational 78,324 0.98 0.68 49.92 15.97 3.09
Cohort 1b 1957-1961 General 497,862 0.91 0.53 44.60 12.35 2.84

Vocational 95,280 0.84 0.59 45.44 12.81 2.80
Cohort 2 1962-1967 General 953,471 0.79 0.52 39.27 9.20 2.52

Vocational 117,846 0.69 0.52 40.10 9.12 2.48
Cohort 3a 1968-1970 General 596,902 0.66 0.49 35.22 7.24 2.28

Vocational 78,464 0.59 0.51 35.82 7.30 2.33
Cohort 3b 1971-1979 General 1,984,013 0.49 0.48 30.92 5.01 2.14

Vocational 336,514 0.46 0.51 31.01 5.37 2.14
Cohort 3c 1980-1995 General 1,013,857 0.30 0.46 25.61 2.81 2.00

Vocational 245,364 0.30 0.55 25.31 2.80 1.99
6,266,325

Notes: This table presents the summary statistics for individuals who have completed Upper
Secondary School level in the general or the Vocational track. See Table A1 in appendix for the
cohort class definition.

As Table 1 shows, the total sample size is 6.3 million individual observations, 15%

with vocational education and 85% with general education; viewed over 6 cohorts, the

14QP requires that the Ministry of Finance and labour unions confirm that the employers are complying
with the law, especially in terms of wages and actual hours worked. The individual data are accessible
for workers to check that the reported data are correct.

15According to LFS, in 2011, among vocational graduates around 14 percent work in the public sector,
while the percentage is around 26 for general HS graduates; there are no significant changes in the share
of public sector workers over time. In addition, Campos and Pereira (2009) show that controlling for
worker characteristics, wages are higher in the public sector than in the private sector.
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vocational share dropped from 23 to 16 and 11% and then increased back up to 19.5%. The

total sample contains slightly more men than women. Compared to general graduates,

vocational graduates are slightly older, have slightly more tenure, work on average in

equally sized firms and on average have 5% lower wages (wages are defined as total

real hourly wages, in logs, see Table A2 in appendix). The share of men among the

general educated consistently falls for younger cohorts, reflecting increasing labour market

participation of (married) women but among vocational educated, the share increases after

initial decline; the share of men in vocational education is never lower than in general

education. The gap in firm sizes is never above 5%, but average firm sizes decline strongly

among cohorts, which may reflect a shift of employment from manufacturing to services.

The wage gap by education type is not constant but varies in a U-shape across cohorts,

at 10% for the middle cohorts and ending up at 0 for the most recent cohort.

Overall distributions of wages do not differ much; the upper part of the vocational wage

distribution is slightly to the left of the distribution for general wages (See Figure OA1

in online appendix). On average, both vocational and general wages increased rapidly

over the 1990’s, then rose more slowly and declined markedly after 2009 (See Figure OA2

in online appendix); the distance between the two follows an inverted U shape: first

increasing and then decreasing.

4.2 Selectivity

Our focus will be on the time profile of the vocational wage gap, i.e. the difference

between wages for graduates from secondary vocational and secondary general education.

Our results might suffer from potential biases and we will now offer a reflection on their

nature and magnitude. First, the omission of civil servants and the self-employed from

our data means that our results only hold for those individuals observed as private sector

employees. According to the Labour Force Survey (LFS), in 2011, among upper secondary

vocational graduates around 14 percent work in the public sector, while the percentage

is around 26 for general graduates; there are no significant changes in the share of public

sector workers over time. Campos and Pereira (2009) show that controlling for worker

characteristics, wages are higher in the public sector than in the private sector. Hence,

underestimation of the wage for all working graduates will be larger for general than for

vocational graduates. But if the public sector pay premium would be constant, the time

profile of the vocational wage gap would not be biased on this account. Also according to

LFS 2011, among vocational graduates some 15 percent are self-employed, among general

graduates the share is about one percent point lower. By cohorts, the shares among

vocational graduates are 19, 14 and 12, among general graduates they are 18, 16, and 8.
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This suggests that the wage gap is only biased if general and vocational graduates have

different earnings ratio for self-employment versus employment and that the time profile

of the vocational wage gap is only biased if the earnings ratio is not constant over time.

We have no data to check the conditions we spell out here.

Second, graduates from general secondary education may continue to tertiary edu-

cation. If they complete a tertiary education they are not in our dataset, if they try

and fail they are: our wage observations on general secondary education include benefits

from incomplete tertiary education. We have no data on the magnitudes involved. The

wage mark-up from an attempted but failed tertiary education is probably quite small,

certainly if drop-out occurs at an early stage.16

Third, potentially the most important omitted variable is ability. However, by includ-

ing regressions with worker fixed effects among our specifications, we will at least control

for the ability component reflected in the fixed effect and we will be able to compare

between the two groups of workers. As will be shown below, in Table 3 and Figure 4 in

section 6.2, the contribution of this component (worker fixed effect) is quite small and

with modest variation over time (much less than the firm fixed effect).

We can also draw on some more direct information on selectivity on recent cohorts.

For three recent school cohorts (enrolled in the 10th grade at 2007, 2010, 2013), we have

regressed data on students’ performance just before track selection on individual and

family characteristics and a dummy for actual track choice (see Tables OA1, OA2, and

OA3 in online appendix). Among students choosing the general track, we only retain those

who do not intend to continue to higher education (among vocational students, virtually

no one advances to tertiary education). This is important, as the difference among those

who do not and those who do intend to continue to higher education is substantial17. Its

precisely the latter group that feeds the notion that general track students are better than

vocational students. We find that students choosing the general track score barely better

on reading and math. The differences are about 1/20th of a grade point, less than 10

percent of a standard deviation of grade point and in 2007/2008, the difference in math

scores is not significant. Retention rates are substantially lower for general graduates,

but controls have negligible effect on these gaps. As the difference in math and reading

16In Portugal, on average 20% to 25% of students in higher education drop out but the majority are
students with the weakest performance at the final exam of the secondary stage (final marks of 10 and 11,
the minimum marks required to complete the degree) and from more disadvantaged background families
(e.g. parents with lower education levels). In fact, these characteristics are similar to the attributes of the
students that did not continue to higher education level. In addition, a large share of drop-out happens
earlier and not so much in the last stage of the degree. Therefore, despite the potential issues, the impact
is likely to be small and does not jeopardize our main results and main conclusions.

17Thee may of course be a distortion to the extent that students change their mind. Students may
underestimate or overestimate their ability and ambition to continue.
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scores between our general and vocational scores is modest, we speculate that differences

in graduation and retention rates may have other causes than ability differences (e.g.

interests and work life ambitions). Mothers education, whether measured in years or

levels, has a significant effect on track choice: children from higher educated mothers

choose the general track more often. Reading score has a positive effect on likelihood of

choosing the general track, math score has no significant effect. With math score generally

considered a good indicator of general intellectual ability (or IQ), and reading scores taken

as an indication of taste and talent for more scholastic engagement, this would indicate

that students who choose the vocational track are not necessarily of lower ability, but

have an interest in more practical, directly applicable education. But admittedly, this is

a rather speculative interpretation which would require more evidence to substantiate.

To conclude on the omitted ability bias in the estimated coefficient for vocational

education (the vocational wage gap) recall that it will depend on the (positive) effect

of ability on earnings and on the covariance between education type and ability. If the

covariance between vocational education and ability is negative, as is often claimed, we

would underestimate the vocational wage gap, and if the intensity of the covariance has

changed over time, the omitted variable bias would also have fluctuated over time. But

a modest covariance as suggested above by the difference in worker fixed effects between

vocational and general graduates also matches our perception of actual practice. We have

documented that in recent years, there is indeed a large gap in school performance (ability)

between vocational students and general students that go on to advanced education and

this may feed the common assumption of substantial ability differences. But there is only

a modest gap with general students that do not continue. That surely diminishes the

magnitude of the problem. In earlier days, very few children would continue to secondary

education and if they did, ability was a key determinant for both general and vocational

education. Many talented working class children ended up in vocational education and

vocational education was not the standard fall-back option for pupils who did not make

it into general education. Both general and vocational education had entry exams, and

those who failed entry into general education would not simply enter vocational by default.

That put a cap on differences between ability levels in general and vocational education.

As Table 3 in section 6.2 shows the larger contribution of the worker fixed effect points

to larger potential selectivity bias and that is precisely why we included the worker fixed

effect.

To sum up, there is reason to assume that we underestimate wages for general grad-

uates because we do not observe public sector workers, that we overestimate their wages

because some have some university training and that we overestimate the wage penalty

for vocational graduates to the extent that vocational graduates have lower ability. But
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we have also given arguments that the biases may well be stable over time and do not

affect the time profile of the gap.

5 The unconditional vocational wage premium

In our data we have three measures of time: year of observation, cohort (birth year) and

age of the respondent. We cannot observe actual experience, and we cannot construct it

from cumulating tenures, as we are not certain about status when the individual is not

observed (it may be unemployment, non-participation, self-employment or work for the

government). We will not be able to identify the separate effects of all three time variables

as they are not independent (cohort plus age is year of observation). We should also note

that our window of observation is limited, and this has truncation effects. For the oldest

generation we do not observe the early career stages, for the youngest generation we do

not observe the late career stages (see the details in Table A1 in appendix).

While we cannot fully disentangle the effects of each time dimension, we can get an

indication of the main driver. Using 9 age classes and 3 cohort classes, both for general and

vocational education, we can graph the wage gap for vocational education by combined

age-cohort class, by taking the differences in class means for vocational and general. If we

would regress wages on dummies for age and birth cohort, subtract from each wage the

estimated effect of age and birth cohort (effectively subtracting the mean of the combined

class), and then calculate the vocational premium from the residuals in each class, the

resulting cohort profiles would be identically at: if we control for the average effect of age

and birth year, the average profile in age and birth year has in fact been eliminated. In

this process we can check which step has the largest impact. Controlling for year effects

does not make any difference, controlling for birth years has some effect, but if we control

for cohort classes separately by type of education, the age profiles of the gap for our three

cohorts coincide. This tells us that the intertemporal action is in the development of the

vocational gap among cohorts (see Figure OA3 in online appendix) and that we have to

analyse the wage gap separately within and among cohorts.

Figure 1 gives age profiles by cohort class for the age intervals that we can observe

for each of the cohorts (for old cohorts we have no observations on early ages, for young

cohorts we observe no advanced ages). The distance between general and vocational wage

profiles first increases and then decreases. In the youngest cohort class, the difference has

essentially disappeared. At age 40, for the first 5 cohorts, the successive wage mark-ups

for general education are 4.3, 7.1, 12.8, 9.9, and 6.0 percent, respectively (all statistically

significant); at age 30, for the last 4 cohorts, the general education mark-up is 7.7 percent

for cohort 1962-67, 7.1 for the cohort 1968-1970, 4.2 for cohort 1971-1979, and 0.4 for
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cohorts 1980-1995.18

Figure 1: Log hourly wages - Vocational vs General education - By Cohort Groups
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(a) Cohort class 1951-1956 (b) Cohort class 1957-1961
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(c) Cohort class 1962-1967 (d) Cohort class 1968-1970
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(e) Cohort class 1971-1979 (f) Cohort class 1980-1995
Notes: Log hourly wages in real terms for individuals with upper secondary educational
level, age profiles for different birth cohorts.

Figure 2 depicts the development of the wage gap by cohort. The vocational wage

18See Table OA4 in the online appendix.
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gap tends to be U-shaped over age within each cohort but only the downturns from

early to later career stages are statistically significant, as can be read off from comparing

confidence intervals around the age dummies. The shift between the cohort profiles is

more convincingly U-shaped: first downwards, then upwards.

Figure 2: Log hourly wage gap (vocational - general) - By Cohort class and age group

-.1
5

-.1
-.0

5
0

.0
5

.1

18-21 22-25 26-29 30-33 34-37 38-41 42-45 46-49 50+
age groups

Cohort class 1980-1995 Cohort  class 1971-1979
Cohort class 1968-1970 Cohort class 1962-1967
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Notes: Log hourly wage gap between vocational and general education for individuals with
upper secondary school by age groups and by cohort classes. The figure includes the 95%
confidence interval for each point estimate. See Table A1 in appendix for cohort class
definition.

Crossing wage profiles, from positive to negative, as predicted by the human capital

hypothesis, is not the common result. Only for the youngest cohort, observed up to their

mid-thirties, is the vocational wage higher than the general wage and may be on its way

to a lower level at advanced ages. The tendency for the upturn towards late career is

not statistically significant in any of the cohort profiles, but neither do we observe that

especially in late career, vocational graduates loose out on general graduates, as they

would be less equipped to cope with changes in the labour market. Thus, the human

capital prediction does not come out with strong support. So far, we have not observed
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crossing wage profiles and we do not observe an increasing lag of vocational wages in late

career.

The absence of general graduates increasingly outperforming vocational graduates

might be explained from higher depreciation on their human capital, but that is hard

to substantiate empirically. It might also be more selective withdrawl from the labour

market of low-wage vocational graduates, leaving increasing shares of the higher paid

among the working population. This would indeed be support for the common argument

that vocational graduates are less equipped to deal with labour market dynamics. To

check this hypothesis we have estimated separation probabilities, that is, the probability

to leave our sample, in function of age, tenure etc. (see Tables OA5, OA6, and OA7 in

the online appendix). The QP data allow a limited glance at labour market turnover,

as they reveal if an individual observed in year t is observed or not in year t+1. If not,

the individual may have lost her/his job (through voluntary or involuntary separation),

have changed to some kind of temporary work (under recibos verdes”), moved to the

civil service, or have retired. We cannot differentiate among destinations and have to

lump all these moves together, under the name of exit”. We have run Linear Probability

Models (LPM) to test if there are differences among the exit probabilities for general

and vocational education. The vocational educated have lower exit probabilities, and

exit probabilities are reduced for higher wage. The effect of the wage rate differs among

general and vocational educated, but the difference is modest relative to the wage effect

itself. The variation in controls only has noticeable effect on these results once we add

the firm level variables, in particular the firm fixed effects. With all controls included,

exit probabilities barely differ among cohorts, and the effects of the wage are also very

similar in magnitude. The conclusions on cohort-specific wage effects are barely sensitive

to the inclusion of controls.

The wage sensitivity of the separation probability varies a bit by quartile of the wage

distribution but within cohorts general and vocational graduates have no differential sen-

sitivity by wage distribution quartile. We conclude that exit probabilities are sensitive to

wage rates, and in that sense there may be selection effects in wage rates that we observe,

but the difference in wage effects among general and vocational graduates appears quite

modest, suggesting that differential selectivity may not be substantial. Restricting the

wage regressions to workers who have been observed in each year of our sample supports

this conclusion: for workers who never left the sample we find the same basic patterns in

the wage structure (See Table OA8 in online appendix).

The absence of an increase in the wage gap towards the end of the working life seems

a true wage phenomenon, not due to selectivity in the exits. This is at variance with the

hypothesis that graduates from general education are better prepared for future dynamics
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of the labour market. The data for the youngest cohort are exceptional as they show the

vocational wage to be higher than the general wage for the four age intervals up to age

33. The negative slope after age 25 does not rule our that the general wage will overtake

the vocational wage. Only more recent data can be the judge here. As noted in the

introduction, Oliveira (2015) found an overtaking around age 25, but reported no catching

up towards the end of working life. Her data cover a different time interval (individuals

born between 1974 and 1990) and she does not allow for cohort effects. Figure 2 indicates

that if we would combine the two youngest cohorts we would also find general wages

overtaking vocational wages.

Brunello and Rocco (2017b) analyse data for Great Britain from two different datasets,

each covering a cohort from a singular month of birth (in 1958 and in 1970). Their results

show for lower vocational education” (which is comparable to our vocational education

at secondary level) an earnings advantage up to about age 30, that then turns into an

increasing negative gap that is erased above age 50. Thus, they find support for the

takeover that we do not find, but the wage gaps are U-shaped over the lifecycle.

6 Changing gaps between cohorts

6.1 Possible explanations

We will now seek to understand the change in the wage gap among cohorts. A common

perception is that with increased participation in tertiary education, it has become more

difficult for secondary school graduates to reach the higher job levels, such as top level

management, and this may have worked out differently for general and vocational grad-

uates. However, this is not what we see. We have analysed the shift in occupational

distributions between the traditional and the modern cohort.19 The conclusion is quite

clear: the dynamics of the occupational distribution are highly similar for general and vo-

cational graduates. The shares for top-level occupations (Management and Professional)

are even equal for general and vocational within each time interval. The results do not

suggest a differential change among general and vocational graduates in career opportu-

nities.20 The data for changes in the industry distribution between cohorts, points to the

19See Table OA9 in online appendix. Table OA10 in the online appendix provides detailed description
of each occupation according to the International Standard Classification of Occupations (ISCO).

20Ideally, we would make this comparison for identical experience (or age), but this is not feasible with
our data. With the oldest cohort, we have no observations below age 33 (born in 1961, observed in 1994),
with the youngest cohort we have no observations above age 45 (born in 1968, observed in 2013). To
get as close as possible to overlap, we have compared the distributions for the 4 earliest years for the
oldest cohort with the 4 latest years for the youngest cohort. The conclusion remains the same. As the
frequencies change only slowly over time, the exact selection of years is not essential for the conclusion.
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same conclusion: changes in the production structure of the economy, by occupation and

industry, have affected general and vocational graduates in roughly the same proportions.

An obvious candidate to explain the shifts in cohort profiles would be shifts in the

volumes of supply and demand of vocational and general graduates.21 As observed in our

data, the average total number of graduates by year of birth rose monotonocally from

some 58 thousand in the first cohort to 257 thousand in cohort 3b and then plunged to

78 thousand. The developments are similar for vocational and general graduates, but not

for the shares: the ratio of vocational over general in our 6 cohorts was .29;.19;.13;.13;.17

and .24. As the relative vocational wage is lowest when the relative educational share

is also low, this does not point to a supply effect. The profiles of unemployment by age

show an upward trend across cohorts for both vocational and general graduates, but only

differ markedly for cohorts 2 and 3a: graduates born between 1962 and 1970, entering

the labour market between 1980 and 1988. In these cohorts, vocational graduates have

lower unemployment rate at young ages and dramatically higher rates when older than

their late 30s. The exceptional profiles for the unemployment ratio are fully located in the

vocational unemployment rates, as general graduates unemployment is not unusual. Low

relative unemployment for the young and high for the older, suggests structural change: its

not the entrants in the labour market that are hit but the experienced workers. Cohorts

born between 1962 and 1970 are the last cohorts educated in the old school system,

graduates from the fuzzy revolutionary school system and the earliest cohort in the new

system: apparently, they became obsolete and were replaced by new, young graduates.

6.2 The role of worker-firm matching

For a deeper analysis of the shifts in the wage gap between cohorts, we start from the

specification:

Logwageift = η1V ocationalHSi + η2malei + β1ageit + β2age
2
it

+ β3tenureit + β4tenure
2
it + γlogfirmsizeft + φt + θf + εift, (1)

Here, the dependent variable, Logwageift, represents the log of the total hourly wage

for workers i, working in firm f at year t (from 1994 to 2013). Our coefficient of inter-

est, the vocational wage gap, is represented by η1, while η2 stands for the gender gap.

β = {β1, β2, β3, β4} is a vector of the coefficients associated with individual time-variant

characteristics, respectively age, age squared, tenure, tenure squared, and γ represents

21A referee suggested that the fuzzy period is characterised by measurement error in type of education
and that this can explain the widening wage gap between the traditional and the fuzzy period. But the
most likely error would be erroneously labelling vocational as general, leading to lower recorded general
wage and hence a recorded decline in the wage gap.
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the firm time-variant characteristics (log of firm size). θf represents the firm fixed effects

(unobservable and observable time invariant attributes of the firm). φt represents the year

specific effects. OLS estimates22 of the vocational wage gap in equation (1) are presented

in Table 2.23

Table 2: Vocational wage gap

(1) (2) (3) (4) (5)

Panel A - Whole Sample

VocationalHS -0.0550*** -0.0583*** -0.0588*** -0.0174*** 0.0119***
(0.0006) (0.0006) (0.0005) (0.0005) (0.0005)

Panel B - Six Cohort Classes

Cohort 1a * VocationalHS -0.0463*** -0.0572*** -0.0868*** -0.0454*** 0.0154***
(0.0021) (0.0021) (0.00191) (0.0018) (0.0014)

Cohort 1b * VocationalHS -0.0736*** -0.0886*** -0.100*** -0.0571*** 0.0039***
(0.0018) (0.0018) (0.0017) (0.0016) (0.0013)

Cohort 2 * VocationalHS -0.0986*** -0.115*** -0.107*** -0.0576*** 0.0126***
(0.0016) (0.0016) (0.0015) (0.0014) (0.0011)

Cohort 3a * VocationalHS -0.0731*** -0.0877*** -0.0909*** -0.0420*** 0.0174***
(0.0020) (0.0019) (0.0018) (0.0017) (0.0014)

Cohort 3b * VocationalHS -0.0325*** -0.0407*** -0.0524*** -0.0115*** 0.0139***
(0.0010) (0.0010) (0.0009) (0.0008) (0.0007)

Cohort 3c * VocationalHS 0.0027** 0.0017 -0.0126*** 0.0269*** 0.0064***
(0.0012) (0.0012) (0.0011) (0.0010) (0.0008)

Notes:
The table reports the vocational wage gap defined in equation (1). Column (1) reports the
unconditional results, column (2) includes the year effects, and the specification in Column (3)
includes individual characteristics: gender, and age and tenure in quadratic form. Column (4)
adds to the previous specification the log size of the firm and column (5) specification includes
also the firm fixed effects. Panel A provides results for the whole sample, while in panel B and
C we provide the results by 6 and 3 cohort classes, respectively.
Robust standard errors in parentheses.
* Significant at 10%; ** significant at 5%; *** significant at 1%.

22In addition to OLS, we have also estimated the model applying Instrumental Variables: a) with
standard instruments in the returns to schooling literature, like quarter of births (Angrist and Krueger
(1991)), changes in compulsory schooling laws (Angrist and Krueger (1991), Acemoglu and Angrist
(2001), Oreopoulos (2006)); b) interpreting our 6 cohorts as schooling law changes; c) historical schooling
rates by municipality (Portugal is divided in 18 districts and then subdivided in 308 municipalities) when
the worker was 10 years old, 5 years before they were entering secondary school; d) combinations of the
three. The instruments end up not having sufficient power ending up with estimates between 7 to 75
times bigger than OLS and gaps of 30 to 350 percent. Dai and Martins (2020) focus on heterogeneity
in the vocational premium in China. OLS estimates point to 20% higher wages for vocational versus
academic secondary education in urban areas, but IV estimates (with variations in school type quotas as
instrument) of quantile regressions show that only vocational graduates in the middle quantiles enjoy a
statistically signficant premium, of some 30%.

23Tables OA11, and OA12 in online appendix provide the coefficient estimates of the other covariates
in equation (1), respectively for the whole sample, and six cohort classes.
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The crude wage gap across all cohorts is some 6% negative and not sensitive to includ-

ing year effects, age, tenure and gender.24 Bringing in firm characteristics has substantial

effect. Adding log firm size reduces the gap to almost -2%, meaning that vocational grad-

uates more likely work in small firms.25 There is no obvious explanation for this effect. It

may be that within larger firms the better scope for allocating skills to job requirements

works to the advantage of vocational graduates, collective bargaining may benefit voca-

tional graduates in the larger firms or it may be that the curriculum of vocational schools

caters more to needs of large firms. Adding firm fixed effects turns the wage gap to a

positive 1.2%. This suggests an important role for the assignment of workers to firms,

which we will analyse in greater detail below.26 Figure 3 also shows the dominant role of

firm characteristics. Controlling for individual characteristics, the trend in the vocational

wage premium is reversed, adding firm characteristics eliminates the trend.

Figure 3: Vocational wage gap

-.0
8

-.0
6

-.0
4

-.0
2

0
.0

2
Vo

ca
tio

na
l G

ap

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
year

raw adjusted
adjusted firm

Notes: This figure reports the vocational wage gap by year (η1t) from regressions with different

sets of explanatory variables according to the following specification:

Logwageift = η1tV ocationalHSi + ψXift + εift. The straight line (raw) reports the

unconditional results; the dashed line (adjusted) includes individual characteristics (gender,

and age and tenure in quadratic form) and the log size of the firm; the dotted line (adjusted

firm) specification includes also the firm fixed effects.

As stated before, age patterns are generally difficult to identify separately from cohort

or calendar period effects. Following Dohmen, Falk, Golsteyn, Huffman, and Sunde (2017)

24Adding controls for industry, region or working part-time has no effect on the main results.
25Our results are essentially unchanged when we measure firm size by sales rather than workforce.
26Controlling for fixed effects after firm size has already been controlled for affects estimated cohort

wage gaps, controlling for firm size when fixed affects have been controlled for leaves all regression
coefficients unaffected. Thus, firm size can pick up some of the effects that can also be caught by the
fixed effects, but once we include fixed effects, our results are not sensitive to including firm size or not.
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we replace year fixed effects with observable time-variant variables (GDP growth and

unemployment rate for the High School graduates) for the specific underlying factors that

may change vocational education choices and outcomes across periods. In this setup we

obtain very similar results in terms of the vocational wage premium among the different

specifications of the regression equation despite some changes in the age coefficient (see

Table OA13 in online appendix).

Composition effects play no dominant role in an explanation of wage gap change. We

have tested our basic findings on the wage profiles with difference-in-difference specifica-

tions: differences in the wage gaps by age interval within and between cohorts. The tests

confirm the (weak) U shapes by age within cohorts and among cohorts over time, and the

fading away of the gap when firm fixed effects are allowed for (see Figure OA4 in online

appendix).

We estimate the vocational wage gap within nine occupations, by cohort, i.e. from

unconditional to a regression with fixed effect for occupation, controlling for age, tenure,

gender, firm size, year dummies and firm fixed effect (occupation interacted with a vo-

cational dummy) (See Table OA14 in the online appendix). Crude wage gaps across

the occupations have converged, mostly as the wage penalty has strongly declined for

Managers (from -0.16 for cohort 1951-1961 to -0.03 for cohort 1968-1995) and the wage

premium for Craft Workers and Plant Operators also strongly declined (from 0.18 and

0.16 to 0.04 and 0.01). But just as in Table 2, when we use all our controls the wage gap

almost disappes, with the biggest jump when we enter firm characteristics.

As the change in the vocational wage premium cannot be explained from sectoral

composition effects and the firm fixed effect appears to play an important role, we decided

to look closer at the role of unobservables, not only as firm fixed effects but also as worker

fixed effects. For this purpose we use the Gelbach (2016) decomposition, to quantify how

much of the vocational wage gap operates through a firm channel, as opposed to a worker

individual channel.27 The exercise can be interpreted very intuitively as highlighting

differences in firm wage effects across vocational and general education tracks. In other

words, it quantifies the relevance of worker sorting across firms in shaping the vocational

wage gap. In Table 3, column (1) gives the wage premium conditional on the observables

in our data. We will now check to what extent this estimated premium can be replaced

by worker fixed effects and firm fixed effects.

27Consider a full regression equation Y = b1X1 + b2X2 + ε where we omit X2 from the estimation,
and the estimate of b1 is subject to the omitted variable bias determined by the product of b2 and the
regression coefficient of X2 on X1. The Gelbach decomposition measures the part of the biased estimation
of b1 in the baseline regression (when X2 has been excluded) that can be explained by the omitted variable
bias. By construction, the full difference between b1 estimated in the full specification and in the baseline
specification is explained. The value of the method is to measure the contribution of each of the variables
in X2 if X2 is a vector.
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Table 3: Gelbach Decomposition of the Vocational Wage Gap
base full base-full Firm Worker

fixed effect fixed effect
(1) (2) (3)=(2)-(1) (4) (5)

Panel A - Whole Sample

VocationalHS -0.017 0 -0.017 -0.013 -0.004
Panel B - Six Cohort Classes

Cohort 1a 1951-1956 -0.045 0 -0.045 -0.033 -0.012

Cohort 1b 1957-1961 -0.057 0 -0.057 -0.032 -0.025

Cohort 2 1962-1967 -0.058 0 -0.058 -0.039 -0.019

Cohort 3a 1968-1970 -0.042 0 -0.042 -0.032 -0.010

Cohort 3b 1971-1979 -0.011 0 -0.011 -0.013 0.002

Cohort 3c 1980-1995 0.027 0 0.027 0.020 0.007
Notes: The conditional decomposition of the return to education is based on Gelbach (2016).
Column (1) reports the coefficient of the benchmark result on returns to vocational education
(Column (4) in Table 2). Column (2) reports the coefficient of the full specification after includ-
ing worker and firm fixed effects, which is zero by construction. The results of the decomposition
are reported in Columns (4) and (5). Adding up the results of Columns (4) and (5) we obtain
the benchmark coefficient in Column (1).
Panel A provides results for the whole sample, while in panel B we provide the results by six
cohort classes.

By nature of the Gelbach decomposition, the two effects will exhaust the full gap

between including and excluding these variables, i.e between full and baseline specification.

We start with the baseline specification without the firm fixed effect:

Logwageift = η1V ocationalHSi + η2malei + β1ageit + β2age
2
it

+ β3tenureit + β4tenure
2
it + γlogfirmsizeft + φt + εift, (2)

where the error term includes 3 components:

εift = αi + θf + µift, (3)

where αi stands for worker fixed effects (the unobservable and observable time invariant

attributes of the worker), θf for the firm fixed effects (unobservable and observable time

invariant characteristics of the firm), and µift represents the idiosyncratic error term.

By ignoring the worker and firm fixed effects in equation (2), this equation suffers from

omitted variable bias. Then we add the worker and firm fixed effects in order to obtain
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the full model. In this full model we cannot estimate the vocational gap, nor the gender

gap, given the presence of the worker fixed effects:

Logwageift = β1ageit + β2age
2
it + β3tenureit + β4tenure

2
it

+ γlogfirmsizeft + αi + φt + θf + µift, (4)

With the Gelbach decomposition, we decompose the difference between the conditional

wage premium estimated in equation (2) and the zero premium in equation (4) into

contributions of a worker fixed effect and a firm fixed effect. By far the largest contribution

to the explanation is the firm fixed effect (column (4)), contributing with more than 60

per cent. The relatively modest contribution of the individual fixed effect is in line with

often modest effects of increased scrutiny of unobserved differences among individuals.28

In particular, we find, for the whole sample, that only 0.4 points out of the 1.7 overall

vocational gap are immune to the allocation of individuals into firms. In other words, this

decomposition shows that the conditional vocational wage gap would fall by 1.3 percentage

points if workers of different educational tracks were randomly distributed across firms.

As Figure 4 and Table 3 (Panel B) show, both worker fixed effect (WFE) and firm

fixed effect (FFE) contribute towards closing the wage gap. The change over time in

the FFE is the larger of the two, the WFE has a somewhat more outspoken U shaped

pattern.29

By construction, WFE and FFE are constant over the interval of observation. If these

effects are to play a role in understanding the change in wage differentials, there must be

a change in allocation of workers to firms. We observe workers during the interval 1994-

28Hanushek, Schwerdt, Woessmann, and Zhang (2017) study the differential effect of vocational versus
general education on employment across the lifecycle in 18 countries. They conclude that individuals
with higher literacy scores and more favorable family backgrounds (as measured by mothers education)
are indeed more likely to select into general types of education. Importantly, however, this selection
does not significantly vary with age. Thus,to the extent that this pattern is informative for the variation
in selection on unobservables across cohorts, there is little indication that cohort-specific selection into
education types is a major concern for our analysis. (o.c., p 64). Brunello and Rocco (2017a) use the
inverse probability weighted regression adjusted (IPWRA) method to estimate average treatment effects
on the effect of vocational educational on skills and competences, using the PIAAC survey as in Hanushek,
Schwerdt, Wiederhold, and Woessmann (2015). The method guarantees that potential treatments are as
good as randomly assigned to individual, under the strong assumption that the individual traits that have
determined the choice of initial education are adequately captured by observed pre-determined variables.
The qualitative effects on estimated returns to vocational education are negligible. Brunello and Rocco
(2017b) report that differences in employment between vocational and general education estimated with
AIPW are always similar to those estimated with OLS; AIPW is a GMM to deal with treatment effects
in non-random trials (o.c., footnote 26). Golsteyn and Stenberg (2017) studying earnings differentials
between general and vocational education in Sweden, note (p 192): The added measures of skills and
personality traits, observed ex post, cannot explain the short-term differences and can only partly explain
the long-term differences.

29We also applied the Gelbach decomposition to the unconditional vocational wage premium, to check
if controlling for individual characteristics makes any difference. It does not, the conclusions are not
affected.
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Figure 4: Worker and Firm Fixed Effect - Vocational Gap - by cohort class

-.0
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2

0
.0

2

1951-56 1957-61 1962-67 1968-70 1971-79 1980-95
Cohort class

worker fixed effect gap firm fixed effect gap

Notes: This figure reports the vocational gap for the worker fixed effect and the firm fixed
effect by the six cohort class. The worker and firm fixed effects are estimated in equation (4).

2014, reaching back to workers born in 1951 and entering the labour market in 1979. Over

the past half century, education and the sectoral composition of the Portuguese economy

have changed dramatically. Such dynamics manifest themselves quite markedly in changes

in allocation, often even within fairly stable relative wages. To get an understanding of

this process, we have used the worker and firm fixed effects estimated in equation (4).

We have defined low/high ability workers by their worker fixed effect below or above the

median worker fixed effect and low/high paying firms by their firm fixed effect below or

above the median firm fixed effect. Our key finding from studying this process is a decline

in assortative matching among workers and firms in a way that benefitted vocational

educated workers.

Matrices of assignment shares, separately for vocational and general graduates, are

given in the Table A3 in appendix. Developments are visualised in Figure 5 and Figure

6. Figure 5 shows that the share of general graduates in high paying firms is quite stable

across cohorts, while the share for vocational graduates exhibits a marked U-shape: a

decline for cohorts of the mid-sixties and more than recovery for the later cohorts. The

matrices in the online appendix show the demise of assortative matching: the incidence

of low-low declines strongly, after initial increase, the incidence of high-high declines for

general graduates and recovers after a decline for vocational graduates. Patterns clearly

differ between low ability workers and high ability workers. Among low ability workers,

developments are similar for general and vocational, but more pronounced for vocational:
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an increase in high wage firms, a decline in low wage firms. Among high ability workers,

developments differ: almost stable for vocational, increase in low wage firms, decrease

in high wage firms for general. Figure 6 summarises the developments. Both trends are

beneficial for vocational: stronger upward among low ability, stable rather than downward

among the high ability. In all these developments, the U-shape pattern that we observed

for the vocational wage gap is also visible in the dynamics of the assignment structure.

The suggestion is emerging that initially, vocational education lost ground, but later, it

was successful in preparing graduates for the new economic structure, where manufacture

was replaced by services.

Figure 5: Percentage of workers in General and Vocational in high paying firms - by
cohort class

40
45

50
55

1951-56 1957-61 1962-67 1968-70 1971-79 1980-95
Cohort class

General Vocational

Notes: This figure reports the share of workers in high paying firms by the six cohort class.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.

We have also checked the dynamics of assortative matching across subgroups: 4 in-

dustrial sectors, 5 regions and 3 size classes of the firm and 9 occupational categories of

the worker (Tables OA15, OA16, OA17 and OA18 in online appendix). The changes in

the nature of matching that we observe at the aggregate level are not identically visible in

decompositions of subgroups, implying that the change in allocation across low-wage and

high-wage firms that benefitted vocational graduates must be seen as a complex process

throughout the economy, not as a simple shift from one sector to another.
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Figure 6: Gap in the share of low/high ability workers in high paying firms between
General and Vocational workers - by cohort class
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Cohort class

Low ability worker, high wage firm (Vocational-General)
High ability worker, high wage firm (Vocational-General)

Notes: This figures report the vocational gap in the share of low/high workers in high paying
firms by the six cohort class.
Low ability workers: individuals below median worker fixed effects. In other words, worker
fixed effects below percentile 50.
High wage workers: individuals above median worker fixed effects. In other words, worker fixed
effects above percentile 50.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.

To sum up, our conclusion has two components. At the aggregate level, the change

in the vocational wage gap between cohorts can be related to changes in the structure of

matching between low/high ability workers and low/high wage firms, that hurt general

graduates. For low ability workers, the dynamics are similar for vocational and gen-

eral graduates, among high ability workers, general graduates matching with low wage

firms increases, matching with high wage firms decreases, while the pattern for vocational

graduates is relatively stable. But the rather clean aggregate result is not the outcome of

homogenous processes within or across segments of the economy: the aggregate outcome

results from complex underlying developments.

7 Interpretation and Conclusion

We set out to measure and interpret the wage differential among graduates from voca-

tional and general secondary education in Portugal. As the labour force contains workers

who have been educated in different institutional settings, distinction by birth cohorts
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is imperative. The data do not allow us to observe a complete lifecycle of wages for all

cohorts. Only for the youngest cohort, observed until age 33, vocational wages are higher

than general wages. For the other five cohorts that we distinguish, vocational wages are

always below general wages. The segments that we do observe all point to a weakly U

shaped wage gap between vocational and general education (the downturn is statistically

significant, the upturn is not). These results are at variance with the human capital

prediction that initially, vocational wages will be higher than general wages, while with

advancing labour market experience, general wages will come to surpass vocational wages.

We should reiterate that this conclusion is necessarily based on incomplete observation of

cohort profiles: we do not know what happens in the non-observed age intervals. Con-

vergence of the wages towards the end of working life might be due to selective exits

from the labour force (more low-wage vocational graduates exiting than low-wage general

graduates), but the data that we have available do not support this.

The distinction by cohorts uncovered that the vocational wage gap over time followed

a U-shaped pattern. Over the years 1994-2013, graduates from vocational secondary edu-

cation on average have about 5% lower wage rates than graduates with general secondary

education. When we split the sample by cohorts matching the institutional history of

secondary education, as the traditional system before the Carnation Revolution of 1974,

the fuzzy situation during that Revolution and the modern system thereafter, we find

crude, unconditional wage gaps of 4, 10 and 5%.

Careful statistical and econometric analyses confirm this U-shaped pattern in the wage

disadvantage for vocational secondary education: it first increases and then decreases,

almost to extinction for the youngest cohort. The change in the vocational wage penalty

cannot be attributed to a simple shift in the industrial or occupational composition of

the economy. These shifts affected vocational and general graduates in much the same

way, and the vocational wage penalty declined within each occupation. We relate the

development to the change in worker-firm matching that in the end works out more

favourably for vocational graduates than for general graduates. In particular, in the later

cohorts low ability vocational graduates were more successful in finding employment at

higher wage firms than low ability general graduates. Or, framed conversely, low ability

general graduates lost their advantage over low ability vocational graduates in high wage

firms.

The results indicate that vocational education, at the secondary level, initially lost

ground relative to general education, but later more than made up for that loss. There

may be a relationship with two changes in the educational system that have made general

and vocational education more similar. First, in the traditional system, the differentiation

between general and vocational education covered 5 school years, in the modern system

29



it covered only 3 years. Second, the curriculum of vocational education has changed. In

the traditional system the share of the general component (Portuguese, Math, Physics

and Foreign Language) ranges between 35 and 45 per cent of total curriculum.30 Duarte

(2014) points to the significant difference between the technical and the general system

in terms of curriculum and subjects. In particular, she emphasizes the low weight given

by the technical curriculum to cognitive skills.31 Compared to the traditional system, the

modern system of vocational education has moved towards more weight for the general

component. Currently, in the vocational program, practical training in a real work envi-

ronment occupies around 15-20 per cent of the total duration of courses.32 Whereas in

the traditional system, vocational education was mainly catering to blue-collar jobs, in

the modern system vocational education caters to both blue and white collar jobs.

The shift towards a larger component of general education can be interpreted as an

increased emphasis on developing cognitive skills rather than manual and other skills. An

increase in the relative return to cognitive skill has been established for several labour mar-

kets, due to changes in technology (Murnane and Levy (1995); Fouarge, Smits, de Vries,

and de Vries (2017)). As the Portuguese labour market may well be subject to the same

changes in technology and wage structure, our results would fit in with this interpretation:

increased weight for a skill that has increased in relative price. It would be an interesting

topic for further research to look beyond the matching in terms of fixed effects and uncover

the link between changes in the curricula and in allocation to firms by characteristics like

innovations in technology, output and distribution.

In our analysis we pointed to structural change in the labour market that hurt expe-

rienced vocational graduates rather than entering graduates. A coherent interpretation

might thus be that the traditional vocational education lost relevance for the labour mar-

ket when the economy was restructured after the 1980s, and that the reorganisation of

vocational education, increasing the weight of building cognitive skills and preparing for

new jobs in the service sector of the economy improved the relative position of vocational

graduates in the high wage firms.33 That would make the overhaul of vocational education

at the secondary level a successful policy intervention. Apparently, vocational education

30Using information from Circular L. 25, de 6 de Julho de 1972 and Circular Série A, N 13/73, de 16
de Agosto available online in the Agência Nacional para a Qualificação e o Ensino Profissional (National
Agency for Qualification and Professional Education) website (http://www.anqep.gov.pt/)

31“...the technical system was characterized by a strong practical component and a very short general
component.” (Duarte (2014))

32Using information available online in the Agência Nacional para a Qualificação e o Ensino Profissional
(National Agency for Qualification and Professional Education) website (http://www.anqep.gov.pt/) and
information from Decreto-Lei n. 139/2012

33In figure OA6 in the On-line appendix we plot wage gap, vocational share of graduates and unem-
ployment. The graph clearly illustrates our argument that developments are not driven by the supply
side.
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has managed to respond adequately to the modernisation of the Portuguese economy that

has taken place. Indeed, as our results indicate, reforms of the late 1980s catered properly

to the demands of a new economic structure.34 This interpretation of our results supports

Portuguese literature, as noted by Oliveira (2015) (page 7): In the literature, the cre-

ation of vocational schools is seen as the renaissance of vocational education in Portugal.

Moreover, these schools played an essential role in launching job oriented streams as cred-

ible avenues for the completion of upper secondary education”. It underlines a general

conclusion that the value of vocational education depends on the extent to which that

education matches the demand in the labour market, and that a changing structure of

production also requires a change in the structure of vocational education. This is almost

trivial, but certainly not without relevance. General education, by its very nature, has

little direct connection to the labour market: it teaches broad skills, analytical, cognitive,

social. Vocational skills are meant to be directly useful in the labour market. Hence,

their relative value should be assessed by considering how well they match actual job

requirements. The value of vocational education can therefore never be fully assessed by

only considering timing and length of the vocational component.

34Oliveira (2015) notes in her description of educational reforms the creation of 50 vocational schools
and a new curriculum track structure as noted in our description above.
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Figure A1: Changes in the structure of the Portuguese Education System

(Entry age 7 years)

Primary school (4 years)
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before January 1, 1962)
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Vocational 2nd

level 
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1A: Individuals 
born 
1951/1956: 4 
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mandatory 
years of 
schooling

1B: Individuals 
born 
1957/1961: 6
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mandatory 
years of 
schooling

(Entry age 7 years)

Primary school (4 years)

Lyceum 1st level (2 years)

Lyceum 2nd level (3 years)

Secondary (2 years)

Panel B: Between 1978 and 1982 
(individuals born after January 1, 1962 and 
before January 1, 1968)

(Entry age 7 years for individuals born between January 
1 1968 and January 1 1970 (D1))

(Entry age 6 years individuals born between January 1 
1971 and December 31 1995 (D2+D3))

Primary school (4 years)

Lyceum 1st level (2 years)

Lyceum 2nd level (3 years)

General
Secondary (3 
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Panel C: After 1983  
(individuals born after January 1, 1968 and 
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born 
1980/1995: 9
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(a) Cohort class 1951-1961 (b) Cohort class 1962-1967 (c) Cohort class 1968-1995

Notes: Panel (a): Individuals born after January 1, 1951 and before December 31, 1961 (Secondary school entry year between 1967 and
1977).
Panel (b): Individuals born after January 1, 1962 and before December 31, 1967 (Secondary school entry year between 1978 and 1983).

Panel (c): Individuals born after January 1, 1968 and before December 31, 1995 (Secondary school entry year between 1984 and 2011).
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ú

ıs
a

C
an

to
e

C
as

tr
o

L
ou

ra
,

G
en

er
al

D
ir

ec
to

r
fr

om
D

G
E

E
C

an
d

J
oa

q
u

im
S

a
n
to

s
an

d
N

u
n

o
C

u
n

h
a

fr
om

D
G

E
E

C
(D

ir
eç
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Table A2: Key Variables - Definition

Explanatory variable Description

Outcome Variables

Logwageift Reports the real hourly wages in log terms.
The hourly wage is measured in euros and it
is the ratio between total regular and non-
regular payroll (base wage, regular payments,
non-regular benefits, and overtime payments)
in the reference month and total hours of work
(normal and overtime). It was deflated us-
ing the Consumer Price Index (with base-year
1986).

Job Separation Probability Reports the probability for a worker to sepa-
rate between t and t+1. A worker is considered
to be separated from the firm if he changes em-
ployer or leaves the firm.

Explanatory Variables

Malei Dichotomous variable indicating whether the
individual is a male.

Ageit Reports the person’s age in years.

Tenureit Reports the number of months an employee
has worked for his firm.

Logfirmsizeft Reports the log of the number of individuals
in the firm.

Education Variables

V ocationalHSi Dichotomous variable indicating whether the
individual highest completed degree is the up-
per secondary level in the Vocational education
track. The employer reports the education of
the worker following the instructions accord-
ing to the portuguese official classification of
education.
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Table A3: Percentage of workers in General and Vocational by low/high ability workers
and low/high paying firms conditional on Worker Ability

General Vocational Diff (V-G)
Low High Low High Low High
firm firm firm firm firm firm

Cohort 1a 1951-1956 Low worker 57 43 61 39 4
High worker 40 60 49 51 -9

Cohort 1b 1957-1961 Low worker 60 40 66 34 6
High worker 37 63 50 50 -13

Cohort 2 1962-1967 Low worker 59 41 65 35 6
High worker 38 62 54 46 -15

Cohort 3a 1968-1970 Low worker 59 41 62 38 4
High worker 39 61 55 45 -16

Cohort 3b 1971-1979 Low worker 56 44 54 46 -2
High worker 43 57 52 48 -9

Cohort 3c 1980-1995 Low worker 50 50 44 56 -6
High worker 51 49 51 49 0

Notes:
Low ability workers: individuals below median worker fixed effects. In other words, worker
fixed effects below percentile 50.
High ability workers: individuals above median worker fixed effects. In other words, worker
fixed effects above percentile 50.
Low paying firms: firms below median firms fixed effects. In other words, firm fixed effects
below percentile 50.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.
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Online Appendix

Figure OA1: Log hourly wages - Vocational vs General education

0
.2

.4
.6

.8
D

en
si

ty

-1 0 1 2 3
Log hourly wage

general vocational

Notes: Unconditional empirical distributions of log hourly wages in real terms for individuals

with upper secondary educational level.

Figure OA2: Log hourly wages - Vocational vs General education - By year
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Notes: Log hourly wages in real terms for individuals with upper secondary educational level
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Figure OA3: Log hourly wage gap (Vocational - General) - Decomposition by cohort, age
and year effect
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with vocational

Notes: This figure reports the decomposition of the log wage vocational gap by cohort,
age and year effect. Panel (a) represents the log wage after removing the year effects, i.e.,
the residual of the log wage regression on year dummies. For this residual, we calculate
the average vocational gap for each age group and cohort classes. Panel (b) represents the
log wage after removing the specific vocational/general year effects, i.e., the residual of the
log wage regression on year dummies interacted with the vocational variable. Panel (c)
represents the log wage after removing the birth year effects, i.e., the residual of the log
wage regression on birth year dummies. Panel (d) represents the log wage after removing
the specific vocational/general birth year effects, i.e., the residual of the log wage regression
on birth year dummies interacted with the vocational variable.
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Figure OA3: Log hourly wage gap (Vocational - General) - Decomposition by cohort, age
and year effect (continued)
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Notes: This figure reports the decomposition of the log wage vocational gap by cohort, age
and year effect. Panel (e) represents the log wage after removing the cohort class effects,
i.e., the residual of the log wage regression on cohort class dummies. Panel (f) represents
the log wage after removing the specific vocational/general cohort class effects, i.e., the
residual of the log wage regression on cohort class dummies interacted with the vocational
variable. Panel (g) represents the log wage after removing the age group class effects,
i.e., the residual of the log wage regression on cohort class dummies. Panel (h) represents
the log wage after removing the specific vocational/general age group class effects, i.e.,
the residual of the log wage regression on age group class dummies interacted with the
vocational variable.
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Figure OA4: Difference in difference - by cohort and age class
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Notes: We estimate the difference between two adjacent cohorts vocational wage gap by age
group (for example the vocational wage gap between cohort 6 and cohort 5 for the same age
group:18-21). Figure (a) reports the results conditional on time, i.e including year effects.
Figure (b) includes individual characteristics, log size and firm fixed effects.

Figure OA5: Labour Market Outcomes: unemployment
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Notes: The figures report the unemployment rates for individu-
als with General and Vocational secondary education level by co-
hort and age groups. The unemployment rate is defined as

Unemployemnt
Employment+Unemployment+Inactivity and is calculated from the Labour

Force Survey.
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Figure OA6: Vocational gap: wage, share of graduates and unemployment
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Notes: The figure reports the summary of results for the unconditional
wage gap, share of the vocational graduates and the vocational unem-
ployment gap by cohort groups.
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Table OA1: Selection - Students reporting no intention to proceed to higher education
(1) (2) (3) (4) (5) (6) (7)

Reading Math Retention Retention Retention Retention Age at
1st cycle 2nd cycle 3rd cycle 3rd cycle

graduation
2007/2008
Panel A1 - Specification without controls
Vocational -0.0503*** -0.0040 0.2280*** 0.0831*** 0.0524*** 0.1480*** 0.4060***

(0.0131) (0.0218) (0.0133) (0.0088) (0.0069) (0.0126) (0.0257)
Observations 7,825 7,796 8,032 8,058 8,058 8,058 7,799
R-squared 0.002 0.000 0.041 0.011 0.005 0.017 0.033
Panel B1 - Specification with controls
Vocational -0.0475*** -0.0010 0.2290*** 0.0729*** 0.0520*** 0.155*** 0.405***

(0.0135) (0.0222) (0.0136) (0.0086) (0.0072) (0.0130) (0.0266)
Observations 7,126 7,102 7,291 7,312 7,312 7,312 7,095
R-squared 0.021 0.011 0.051 0.033 0.007 0.023 0.042

2010/2011
Panel A2 - Specification without controls
Vocational -0.0547*** -0.0564*** 0.183*** 0.0952*** 0.0483*** 0.0916*** 0.312***

(0.0121) (0.0197) (0.0134) (0.0091) (0.0069) (0.0113) (0.0248)
Observations 8,257 8,225 8,579 8,582 8,582 8,582 8,414
R-squared 0.003 0.001 0.027 0.012 0.005 0.008 0.023
Panel B2 - Specification with controls
Vocational -0.0561*** -0.0545*** 0.179*** 0.0866*** 0.0469*** 0.0917*** 0.291***

(0.0126) (0.0209) (0.0139) (0.0090) (0.0069) (0.0118) (0.0256)
Observations 7,495 7,466 7,735 7,738 7,738 7,738 7,591
R-squared 0.026 0.010 0.043 0.033 0.012 0.020 0.042

2013/2014
Panel A3 - Specification without controls
Vocational -0.0413*** -0.0537** 0.218*** 0.0850*** 0.0327*** 0.146*** 0.313***

(0.0134) (0.0208) (0.0128) (0.0074) (0.0048) (0.0111) (0.0229)
Observations 9,484 9,458 9,824 9,826 9,826 9,826 9,558
R-squared 0.001 0.001 0.036 0.011 0.004 0.019 0.023
Panel B3 - Specification with controls
Vocational -0.0400*** -0.0398* 0.212*** 0.0733*** 0.0284*** 0.144*** 0.283***

(0.0136) (0.0218) (0.0130) (0.0075) (0.0049) (0.0113) (0.0222)
Observations 8,621 8,592 8,886 8,887 8,887 8,887 8,663
R-squared 0.016 0.016 0.048 0.027 0.010 0.027 0.035

Notes: This table reports the estimated coefficient for the vocational dummy for different out-
come regressions, for students at the 10th grade in the indicated academic years. The data
are from the Ministry of Education, Observatory of Student Pathways in Secondary Schools
(OTES). For students in vocational education we use data from all students, for students in
general education only students who have stated that they do not intend to continue educa-
tion after graduating from upper secondary school. Controls in B panels relate to individual
and family characteristics: Gender, household composition, mother’s education, and mother’s
employment status.
See Table OA2 for the detailed summary statistics. Robust standard errors in parentheses. ***
p<0.01, ** p<0.05, * p<0.1
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Table OA2: Summary Statistics - Selection - Students reporting no intention to proceed
to higher education

Reading Math Retention Retention Retention Retention Age at
1st cycle 2nd cycle 3rd cycle 3rd cycle

graduation
2007/2008
Total
mean 3.068 2.689 0.617 0.144 0.105 0.410 15.338
st.dev 0.461 0.680 0.486 0.351 0.307 0.492 0.979
General
mean 3.106 2.692 0.446 0.082 0.066 0.299 15.034
st.dev 0.473 0.704 0.486 0.274 0.249 0.458 0.865
Vocational
mean 3.055 2.688 0.674 0.165 0.119 0.447 15.440
st.dev 0.457 0.671 0.486 0.371 0.323 0.497 0.994
2010/2011
Total
mean 3.057 2.805 0.551 0.181 0.101 0.287 15.171
st.dev 0.484 0.700 0.497 0.385 0.301 0.452 0.932
General
mean 3.096 2.845 0.419 0.112 0.066 0.221 14.946
st.dev 0.505 0.716 0.494 0.315 0.248 0.415 0.830
Vocational
mean 3.041 2.788 0.602 0.207 0.114 0.313 15.258
st.dev 0.475 0.693 0.489 0.405 0.318 0.464 0.954
2013/2014
Total
mean 3.037 2.705 0.527 0.147 0.052 0.309 15.103
st.dev 0.479 0.700 0.499 0.354 0.222 0.462 0.896
General
mean 3.068 2.745 0.364 0.084 0.027 0.200 14.869
st.dev 0.499 0.722 0.481 0.277 0.163 0.400 0.800
Vocational
mean 3.027 2.691 0.582 0.169 0.060 0.346 15.182
st.dev 0.471 0.692 0.493 0.374 0.238 0.476 0.912

Notes: This table reports the mean and the standard deviation regarding different outcomes
for students at the 10th grade in the academic years of 2007/2008, 2010/2011, and 2013/2014
in the vocational track and in the general education. In column (1) and (2) it is evaluated
the final grades of each student in the 3rd cycle (before entering upper secondary education)
for Reading and Math, respectively. In column (3) we use an indicator reporting whether the
student was retained at least once before 10th grade. In Columns (4) to (6) we use an indicator
of retention for the 1st, 2nd and 3rd cycle, respectively. Finally, column (7) report the results for
the age at which the student have completed the 3rd cycle. The data are from the Observatory
of Student Pathways in Secondary Schools (OTES), in particular the survey to students at the
beginning of the secondary education in Portugal. It is a representative survey, provided by the
Ministry of Education, among students in tenth grade, i.e. the first year of our upper secondary
level. We use data from all students in vocational education, but for students who have chosen
general education we consider only students who have stated that they do not intend to continue
education after graduating from upper secondary school. Robust standard errors in parentheses.
*** p<0.01, ** p<0.05, * p<0.1.
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Table OA3: Selection - Likelihood of Choosing General Track
All General General - no intention

to continue education
after Secondary

All Vocational All Vocational

(1) (2)

Mothers’ years of schooling 0.0160*** 0.0098***
(0.0011) (0.0022)

Reading Score (9th grade) 0.0703*** 0.0265**
(0.0047) (0.0119)

Math Score ((9th grade) 0.0498*** -0.0090
(0.0043) (0.0093)

At least one retention -0.277*** -0.137***
(0.0105) (0.0142)

Age finishing 9th grade -0.0579*** -0.0407***
(0.0038) (0.0066)

Gender 0.0650*** -0.0064
(0.0083) (0.0147)

Family Structure (ommited: mother and father)
Monoparental -0.0153* 0.0269

(0.0087) (0.0183)
Couple but not father or mother -0.0204 0.0288

(0.0129) (0.0246)
Other 0.0213 -0.0257

(0.0175) (0.0341)
Mother Labour Market Status(ommited: employed)
Unemployed -0.0301** -0.0108

(0.0118) (0.0193)
Domestic Occupation 0.0068 0.0205

(0.0098) (0.0168)
Student 0.0007 0.0678

(0.0353) (0.0940)
Retired -0.00816 0.0453

(0.0175) (0.0347)
Constant 1.041*** 0.837***

(0.0668) (0.118)

Observations 35,023 6,840
R-squared 0.255 0.057

Notes: This table reports the Linear Probability Model estimates of the Likelihood of choosing
the General track , for students at the 10th grade in the academic years of 2007/2008, 2010/2011,
and 2013/2014. The data are from the Ministry of Education, Observatory of Student Pathways
in Secondary Schools (OTES). In Column (1) we use data from all students both in general
and vocational track. In Column (2) the sample includes all vocational students but for the
general track only students who have stated that they do not intend to continue education after
graduating from upper secondary school. Both specifications include also year fixed effects.
See Table OA2 for the detailed summary statistics. Robust standard errors in parentheses.*
Significant at 10%; ** significant at 5%; *** significant at 1%.
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Table OA4: Wage gap (Vocational - General) at ages 0 and 40

Age 18 Age 30 Age 40
Cohort 1a 1951-1956 - - -0.043
Cohort 1b 1957-1961 - - -0.071
Cohort 2 1962-1967 - -0.077 -0.128
Cohort 3a 1968-1970 - -0.071 -0.099
Cohort 3b 1971-1979 -0.043 -0.042 -0.060
Cohort 3c 1980-1995 0.010 0.004 -

Note: This table reports the wage difference between vocational and general at ages 18, 30 and
40, by the six cohort classes. These are back of the envelope calculations from Figure 1.
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Table OA5: Job Separation Probability - by quartiles
(1) (2) (3) (4) (5)

VocationalHS -0.0132*** -0.0112*** -0.0107*** -0.0120*** -0.0088***
(0.0017) (0.0018) (0.0017) (0.0016) (0.0017)

Second Quartile (Log Wages)*VocationalHS -0.0139*** -0.0015 0.0001 -0.0011 0.0008
(0.0027) (0.0024) (0.0021) (0.0020) (0.0019)

Third Quartile (Log Wages)*VocationalHS -0.0098*** 0.0033 0.0050* 0.0035 0.0037
(0.0031) (0.0033) (0.0030) (0.0027) (0.0023)

Fourth Quartile (Log Wages)*VocationalHS 0.0086 0.0208*** 0.0190*** 0.0159*** 0.0090***
(0.0066) (0.0068) (0.0057) (0.0047) (0.0025)

Second Quartile (Log Wages) -0.0543*** -0.0523*** -0.0355*** -0.0301*** -0.0285***
(0.0020) (0.0019) (0.0018) (0.0015) (0.0017)

Third Quartile (Log Wages) -0.0977*** -0.0972*** -0.0658*** -0.0582*** -0.0480***
(0.0025) (0.0027) (0.0028) (0.0021) (0.0018)

Fourth Quartile (Log Wages) -0.150*** -0.150*** -0.0965*** -0.0835*** -0.0541***
(0.0060) (0.0061) (0.0057) (0.0038) (0.0022)

Observations 5,565,672 5,565,672 5,565,672 5,565,672 5,565,672
R-squared 0.018 0.021 0.032 0.033 0.129

Notes:
The table reports marginal effects of the likelihood of job separation for an individual with a vocational versus an individual in the general
track in Panel A by log wages quartiles. Column (1) do not include more controls, column (2) includes the year effects, and the specification
in Column (3) includes age and tenure in quadratic form and the gender. Column (4) adds to the previous specification log size of the firm
and column (5) includes also the firm fixed effects. Robust standard errors in parentheses. * Significant at 10%; ** significant at 5%; ***
significant at 1%.
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Table OA6: Robustness Check - Job Separability Probability - Probit (marginal effects)
(1) (2) (3) (4)

VocationalHS -0,003 -0,001 -0,002 -0.007**
(0.004) (0.004) (0.003) (0.002)

Observations 5,565,672 5,565,672 5,565,672 5,565,672

Notes:
The table reports Probit marginal effects of the likelihood of job separation for an individual
with a vocational versus an individual in the general track. Column (1) reports the
unconditional results, column (2) includes the year effects, and the specification in Column (3)
includes age and tenure in quadratic form and the gender. Column (4) adds to the previous
specification log size of the firm. Robust standard errors in parentheses
* Significant at 10%; ** significant at 5%; *** significant at 1%.
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Table OA7: Job Separation Probability - by quartiles and by cohort
(1) (2) (3) (4) (5)

VocationalHS -0.0155** -0.0136* -0.0088 -0.0097 -0.0025
(0.0074) (0.0074) (0.0071) (0.0071) (0.0080)

cohort 1b*VocationalHS -0.0004 0.0006 -0.0031 -0.0028 -0.0063
(0.0088) (0.0087) (0.0084) (0.0084) (0.0092)

cohort 2*VocationalHS 0.0053 0.0069 0.0033 0.0037 0.0034
(0.0082) (0.0081) (0.0079) (0.0079) (0.0087)

cohort 3a*VocationalHS 0.0102 0.0110 0.0067 0.0070 -0.0009
(0.0084) (0.0083) (0.0080) (0.0080) (0.0087)

cohort 3b*VocationalHS 0.0042 0.0038 0.0016 0.0014 -0.0036
(0.0077) (0.0077) (0.0074) (0.0074) (0.0081)

cohort 3c*VocationalHS -0.0005 -0.0018 -0.0060 -0.0071 -0.0113
(0.0079) (0.0078) (0.0075) (0.0074) (0.0082)

Second Quartile (Log Wages) -0.0643*** -0.0643*** -0.0424*** -0.0398*** -0.0260***
(0.0044) (0.0043) (0.0043) (0.0042) (0.0044)

Third Quartile (Log Wages) -0.104*** -0.106*** -0.0669*** -0.0620*** -0.0389***
(0.0054) (0.0056) (0.0047) (0.0045) (0.0047)

Fourth Quartile (Log Wages) -0.153*** -0.154*** -0.100*** -0.0876*** -0.0333***
(0.0061) (0.0061) (0.0058) (0.0050) (0.0051)

Second Quartile (Log Wages)*VocationalHS 0.0042 0.0036 0.0028 0.0026 -0.0039
(0.0094) (0.0093) (0.0089) (0.0088) (0.0010)

Third Quartile (Log Wages)*VocationalHS -0.0016 -0.0017 -0.0066 -0.0071 -0.0057
(0.0089) (0.0090) (0.0084) (0.0082) (0.0088)

Fourth Quartile (Log Wages)*VocationalHS 0.0194* 0.0193* 0.0110 0.0084 0.0009
(0.0101) (0.0101) (0.0091) (0.0086) (0.0088)

First Quartile (Log Wages)*cohort 1b -0.0195*** -0.0207*** -0.0081** -0.0098** -0.0046
(0.0040) (0.0040) (0.0040) (0.0041) (0.0044)

First Quartile (Log Wages)*cohort 2 -0.0199*** -0.0224*** -0.0060 -0.0095** 0.0011
(0.0037) (0.0037) (0.0041) (0.0041) (0.0045)

First Quartile (Log Wages)*cohort 3a -0.0139*** -0.0178*** -0.0022 -0.0069 0.0088*
(0.0038) (0.0038) (0.0045) (0.0046) (0.0050)

First Quartile (Log Wages)*cohort 3b -0.0032 -0.0028 0.0058 0.0006 0.0227***
(0.0037) (0.0037) (0.0048) (0.0048) (0.0053)

First Quartile (Log Wages)*cohort 3c -0.0157*** 0.0024 -0.0021 -0.0067 0.0227***
(0.0040) (0.0042) (0.0053) (0.0052) (0.0058)

Second Quartile (Log Wages)*cohort 1b -0.0164*** -0.0166*** -0.0044 -0.0059* -0.0072**
(0.0032) (0.0032) (0.0033) (0.0033) (0.0033)

Second Quartile (Log Wages)*cohort 2 -0.0159*** -0.0159*** -0.0025 -0.0047 -0.0007
(0.0031) (0.0031) (0.0037) (0.0037) (0.0038)

Second Quartile (Log Wages)*cohort 3a -0.0121*** -0.0113*** -0.0020 -0.0046 0.0046
(0.0036) (0.0035) (0.0044) (0.0043) (0.0045)

Second Quartile (Log Wages)*cohort 3b 0.0038 0.0114*** 0.0116** 0.0097** 0.0205***
(0.0036) (0.0036) (0.0047) (0.0046) (0.0050)

Second Quartile (Log Wages)*cohort 3c 0.0088** 0.0285*** 0.0103** 0.0091* 0.0198***
(0.0043) (0.0043) (0.0047) (0.0048) (0.0053)

Notes: The table reports marginal effects of the likelihood of job separation for an individual
with a vocational versus an individual in the general track in Panel A by log wages quartiles
and by cohort. Column (1) do not include more controls, column (2) includes the year effects,
and the specification in Column (3) includes age and tenure in quadratic form and the gender.
Column (4) adds to the previous specification log size of the firm and column (5) includes also
the firm fixed effects. Robust standard errors in parentheses * Significant at 10%; ** significant
at 5%; *** significant at 1%.
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Table OA7: Job Separation Probability - specification with logwages by quartiles and by
cohort (continued)

(1) (2) (3) (4) (5)
Third Quartile (Log Wages)*cohort 1b -0.0181*** -0.0166*** -0.0069*** -0.0080*** -0.0081***

(0.0025) (0.0025) (0.0026) (0.0026) (0.0026)
Third Quartile (Log Wages)*cohort 2 -0.0167*** -0.0144*** -0.0055 -0.0071** -0.0037

(0.0029) (0.0030) (0.0035) (0.0035) (0.0033)
Third Quartile (Log Wages)*cohort 3a -0.0129*** -0.0088** -0.0065 -0.0082* 0.0006

(0.0035) (0.0038) (0.0045) (0.0045) (0.0043)
Third Quartile (Log Wages)*cohort 3b -0.0009 0.0102** 0.0015 -0.0003 0.0103**

(0.0043) (0.0045) (0.0050) (0.0051) (0.0050)
Third Quartile (Log Wages)*cohort 3c 0.0176** 0.0393*** 0.0088 0.0063 0.0142**

(0.0070) (0.0071) (0.0062) (0.0061) (0.0065)
Fourth Quartile (Log Wages)*cohort 1b -0.0217*** -0.0189*** -0.0106*** -0.0124*** -0.0143***

(0.0035) (0.0035) (0.0033) (0.0032) (0.0024)
Fourth Quartile (Log Wages)*cohort 2 -0.0211*** -0.0161*** -0.00775* -0.0109** -0.0167***

(0.0050) (0.0053) (0.0045) (0.0044) (0.0037)
Fourth Quartile (Log Wages)*cohort 3a -0.0157*** -0.0082 -0.0050 -0.0087* -0.0147***

(0.0050) (0.0054) (0.0050) (0.0051) (0.0043)
Fourth Quartile (Log Wages)*cohort 3b 0.0066 0.0201*** 0.0087* 0.0026 -0.0062

(0.0048) (0.0047) (0.0052) (0.0054) (0.0052)
Fourth Quartile (Log Wages)*cohort 3c 0.0617*** 0.0822*** 0.0435*** 0.0348*** 0.0159**

(0.0058) (0.0055) (0.0063) (0.0062) (0.0066)
Second Quartile (Log Wages)*cohort 1b*VocationalHS -0.0170 -0.0170 -0.0150 -0.0150 -0.0072

(0.0109) (0.0108) (0.0105) (0.0105) (0.0113)
Second Quartile (Log Wages)*cohort 2*VocationalHS -0.0068 -0.0075 -0.0045 -0.0047 -0.0041

(0.0105) (0.0104) (0.0100) (0.0100) (0.0106)
Second Quartile (Log Wages)*cohort 3a*VocationalHS -0.0136 -0.0139 -0.010 -0.0100 -0.0009

(0.0106) (0.0105) (0.0102) (0.0101) (0.0107)
Second Quartile (Log Wages)*cohort 3b*VocationalHS -0.0080 -0.0079 -0.0040 -0.0054 0.0047

(0.0098) (0.0097) (0.0094) (0.0093) (0.0100)
Second Quartile (Log Wages)*cohort 3c*VocationalHS -0.0022 -0.0023 -0.0011 -0.0026 0.0085

(0.0100) (0.0099) (0.0095) (0.0094) (0.0101)
Third Quartile (Log Wages)*cohort 1b*VocationalHS 0.0110 0.0108 0.0151 0.0141 0.0151

(0.0100) (0.0100) (0.0100) (0.0100) (0.0102)
Third Quartile (Log Wages)*cohort 2*VocationalHS 0.0061 0.0063 0.0097 0.0081 0.0008

(0.0096) (0.0096) (0.0092) (0.0092) (0.0096)
Third Quartile (Log Wages)*cohort 3a*VocationalHS 0.0006 0.0014 0.0095 0.0076 0.0062

(0.0101) (0.0101) (0.0097) (0.0096) (0.0098)
Third Quartile (Log Wages)*cohort 3b*VocationalHS -0.0012 -0.0006 0.0076 0.0063 0.0049

(0.0094) (0.0095) (0.0090) (0.0088) (0.0091)
Third Quartile (Log Wages)*cohort 3c*VocationalHS 0.0030 0.0028 0.0098 0.0096 0.0129

(0.0099) (0.0099) (0.0094) (0.0092) (0.0094)
Fourth Quartile (Log Wages)*cohort 1b*VocationalHS 0.0014 0.0007 0.0070 0.0064 0.0043

(0.0100) (0.0099) (0.0095) (0.0093) (0.0097)
Fourth Quartile (Log Wages)*cohort 2*VocationalHS 0.0063 0.0052 0.0089 0.0068 -0.0003

(0.0108) (0.0109) (0.0100) (0.0096) (0.0096)
Fourth Quartile (Log Wages)*cohort 3a*VocationalHS 0.0007 0.0006 0.0074 0.0048 0.0055

(0.0114) (0.0115) (0.0107) (0.0103) (0.0100)
Fourth Quartile (Log Wages)*cohort 3b*VocationalHS -0.0079 -0.0080 0.0001 -0.0009 0.0017

(0.0104) (0.0105) (0.0096) (0.0093) (0.0093)
Fourth Quartile (Log Wages)*cohort 3c*VocationalHS -0.0180 -0.0183 -0.0073 -0.0051 0.0021

(0.0130) (0.0130) (0.0114) (0.0108) (0.0104)
Observations 5,565,672 5,565,672 5,565,672 5,565,672 5,565,672
R-squared 0.019 0.023 0.033 0.033 0.129

Notes: The table reports marginal effects of the likelihood of job separation for an individual with a
vocational versus an individual in the general track in Panel A by log wages quartiles and by cohort.
Column (1) do not include more controls, column (2) includes the year effects, and the specification
in Column (3) includes age and tenure in quadratic form and the gender. Column (4) adds to the
previous specification log size of the firm and column (5) includes also the firm fixed effects. Robust
standard errors in parentheses * Significant at 10%; ** significant at 5%; *** significant at 1%.



Table OA8: Vocational Wage gap - Only workers always in the sample

(1) (2) (3) (4) (5)

VocationalHS -0.112*** -0.104*** -0.0725*** -0.0129*** 0.0061***
(0.0011) (0.0011) (0.0009) (0.0008) (0.0008)

Age 0.0364*** 0.0374*** 0.0249***
(0.0002) (0.0001) (0.0001)

Ager2 -0.0005*** -0.0005*** -0.0003***
(0.0000) (0.0000) (0.0000)

Tenure 0.0332*** 0.0228*** 0.0192***
(0.0002) (0.0001) (0.0001)

Tenure2 -0.0003*** -0.0003*** -0.0003***
(0.0000) (0.0000) (0.0000)

Male 0.260*** 0.231*** 0.151***
(0.0007) (0.0006) (0.0005)

Log firm size 0.0729*** 0.00214***
(0.0001) (0.0008)

Constant 0.676*** 0.727*** 0.00989*** -0.360*** 0.111***
(0.0004) (0.0029) (0.0026) (0.0025) (0.0043)

Observations 2,052,553 2,052,553 2,052,553 2,052,553 2,052,553
R-squared 0.005 0.016 0.379 0.465 0.744

Note: The table reports the vocational wage gap using only permanent workers. Column
(1) reports the unconditional results, column (2) includes the year effects, and the spec-
ification in Column (3) includes individual characteristics: gender, and age and tenure
in quadratic form. Column (4) adds to the previous specification the log size of the firm
and column (5) specification includes also the firm fixed effects. Robust standard errors
in parentheses
* Significant at 10%; ** significant at 5%; *** significant at 1%.
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Table OA9: Frequency distributions of workers by occupation and industry

Cohort 1951-1961 Cohort 1968-1995
1994-1997 2010-2013

General Vocational General Vocational
Occupation
Managers 6-7 6-7 2 2
Professionals 3-4 3-4 2-3 3
Technicians 29-30 30-33 14-15 16-18
Clerical support 41-45 29-34 27-28 23-25
Service and sales 6-7 5-7 30 23-25
Skilled agriculture 0 0 0 0
Craft workers 4-5 9-10 6 10
Plant and machine operators 3-5 5-9 8-9 10-11
Elementary occupations 2-5 3-6 9 8-10

Industry
Manufacturing 23-25 37-39 15-17 22-24
Construction 4 5 3-4 5-6
Commerce-Transport 35 31-32 42-44 37
Finance-Services 36-37 25-27 37-38 33-34

Note: This table reports the range of percentages of workers by occupation and industry by
general and vocational education. The first two columns present results for the cohort class
1951-1961 over the years 1994-1997. The last two columns report the percentages for the
cohort class 1968-1995 over the years 2010-2013.
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Table OA10: INTERNATIONAL STANDARD CLASSIFICATION OF OCCUPATIONS
(ISCO)

Occupations Description

1. Managers Managers plan, direct, coordinate and evaluate the over-
all activities of enterprises, governments and other or-
ganizations, or of organizational units within them, and
formulate and review their policies, laws, rules and regu-
lations. Competent performance in most occupations in
this major group requires skills at the fourth ISCO skill
level, except for Sub-major Group 14: Hospitality, Retail
and Other Services Managers, for which skills at the third
ISCO skill level are generally required. Tasks performed
by managers usually include: formulating and advising
on the policy, budgets, laws and regulations of enter-
prises, governments and other organizational units; es-
tablishing objectives and standards and formulating and
evaluating programmes and policies and procedures for
their implementation; ensuring appropriate systems and
procedures are developed and implemented to provide
budgetary control; authorizing material, human and fi-
nancial resources to implement policies and programmes;
monitoring and evaluating performance of the organiza-
tion or enterprise and of its staff; selecting or approving
the selection of staff; ensuring compliance with health and
safety requirements; planning and directing daily opera-
tions; representing and negotiating on behalf of the gov-
ernment, enterprise or organizational unit managed in
meetings and other forums.

2. Professionals Professionals increase the existing stock of knowledge;
apply scientific or artistic concepts and theories; teach
about the foregoing in a systematic manner; or engage in
any combination of these activities. Competent perfor-
mance in most occupations in this major group requires
skills at the fourth ISCO skill level. Tasks performed by
professionals usually include: conducting analysis and re-
search, and developing concepts, theories and operational
methods; advising on or applying existing knowledge re-
lated to physical sciences, mathematics, engineering and
technology, life sciences, medical and health services, so-
cial sciences and humanities; teaching the theory and
practice of one or more disciplines at different educational
levels; teaching and educating persons with learning diffi-
culties or special needs; providing various business, legal
and social services; creating and performing works of art;
providing spiritual guidance; preparing scientific papers
and reports. Supervision of other workers may be in-
cluded.
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Table OA10: INTERNATIONAL STANDARD CLASSIFICATION OF OCCUPATIONS
(ISCO) - (continued)

Occupations Description

3. Technicians and Associate Professionals Technicians and associate professionals perform tech-
nical and related tasks connected with research and
the application of scientific or artistic concepts and
operational methods, and government or business reg-
ulations. Competent performance in most occupations
in this major group requires skills at the third ISCO
skill level. Tasks performed by technicians and asso-
ciate professionals usually include: undertaking and
carrying out technical work connected with research
and the application of concepts and operational meth-
ods in the fields of physical sciences including engineer-
ing and technology, life sciences including the medical
profession, and social sciences and humanities; initiat-
ing and carrying out various technical services related
to trade, finance and administration including admin-
istration of government laws and regulations, and to
social work; providing technical support for the arts
and entertainment; participating in sporting activi-
ties; executing some religious tasks. Supervision of
other workers may be included.

4. Clerical Support Workers Clerical support workers record, organize, store, com-
pute and retrieve information, and perform a number
of clerical duties in connection with money-handling
operations, travel arrangements, requests for informa-
tion, and appointments. Competent performance in
most occupations in this major group requires skills
at the second ISCO skill level. Tasks performed by
clerical support workers usually include: stenography,
typing, and operating word processors and other of-
fice machines; entering data into computers; carry-
ing out secretarial duties; recording and computing
numerical data; keeping records relating to stocks,
production and transport; keeping records relating to
passenger and freight transport; carrying out cler-
ical duties in libraries; filing documents; carrying
out duties in connection with mail services; prepar-
ing and checking material for printing; assisting per-
sons who cannot read or write with correspondence;
performing money-handling operations; dealing with
travel arrangements; supplying information requested
by clients and making appointments; operating a tele-
phone switchboard. Supervision of other workers may
be included.
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Table OA10: INTERNATIONAL STANDARD CLASSIFICATION OF OCCUPATIONS
(ISCO) - (continued)

Occupations Description

5. Services and Sales Workers Services and sales workers provide personal and pro-
tective services related to travel, housekeeping, cater-
ing, personal care, protection against fire and unlaw-
ful acts; or demonstrate and sell goods in wholesale
or retail shops and similar establishments, as well as
at stalls and on markets. Competent performance in
most occupations in this major group requires skills
at the second ISCO skill level. Tasks performed by
services and sales workers usually include: organiz-
ing and providing services during travel; housekeep-
ing; preparing and serving of food and beverages; car-
ing for children; providing personal and basic health
care at homes or in institutions, as well as hairdress-
ing, beauty treatment and companionship; telling for-
tunes; embalming and arranging funerals; providing
security services and protecting individuals and prop-
erty against fire and unlawful acts; enforcing of law
and order; posing as models for advertising, artistic
creation and display of goods; selling goods in whole-
sale or retail establishments, as well as at stalls and
on markets; and demonstrating goods to potential cus-
tomers. Supervision of other workers may be included.

6. Skilled Agric., Forestry and Fishery Skilled agricultural, forestry and fishery workers grow
and harvest field or tree and shrub crops; gather wild
fruits and plants; breed, tend or hunt animals; produce
a variety of animal husbandry products; cultivate, con-
serve and exploit forests; breed or catch fish; and cul-
tivate or gather other forms of aquatic life in order to
provide food, shelter and income for themselves and
their households. Competent performance in most oc-
cupations in this major group requires skills at the
second ISCO skill level. Tasks performed by skilled
agricultural, forestry and fishery workers usually in-
clude: preparing the soil; sowing, planting, spraying,
fertilizing and harvesting field crops; growing fruit and
other tree and shrub crops; growing garden vegetables
and horticultural products; gathering wild fruits and
plants; breeding, raising, tending or hunting animals
mainly to obtain meat, milk, hair, fur, skin, or seri-
cultural, apiarian or other products; cultivating, con-
serving and exploiting forests; breeding or catching
fish; cultivating or gathering other forms of aquatic
life; storing and carrying out some basic processing
of their produce; selling their products to purchasers,
marketing organizations or at markets. Supervision of
other workers may be included.
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Table OA10: INTERNATIONAL STANDARD CLASSIFICATION OF OCCUPATIONS
(ISCO) - (continued)

Occupations Description

7. Craft and Related Trades Workers Craft and related trades workers apply specific tech-
nical and practical knowledge and skills to construct
and maintain buildings; form metal; erect metal struc-
tures; set machine tools or make, fit, maintain and
repair machinery, equipment or tools; carry out print-
ing work; and produce or process foodstuffs, textiles,
wooden, metal and other articles, including handicraft
goods. Competent performance in most occupations
in this major group requires skills at the second ISCO
skill level. The work is carried out by hand and by
hand-powered and other tools which are used to re-
duce the amount of physical effort and time required
for specific tasks, as well as to improve the quality
of the products. The tasks call for an understanding
of all stages of the production process, the materials
and tools used, and the nature and purpose of the
final product. Tasks performed by craft and related
trades workers usually include: constructing, main-
taining and repairing buildings and other structures;
casting, welding and shaping metal; installing and
erecting heavy metal structures, tackle and related
equipment; making machinery, tools, equipment and
other metal articles; setting for operators, or setting
and operating various machine tools; fitting, maintain-
ing and repairing industrial machinery, engines, vehi-
cles, electrical and electronic instruments and other
equipment; making precision instruments, jewellery,
household and other precious metal articles, pottery,
glass and related products; producing handicrafts; ex-
ecuting printing work; producing and processing food-
stuffs and various articles made of wood, textiles,
leather and related materials. Supervision of other
workers may be included. Self-employed craft and re-
lated trades workers, who operate their own businesses
either independently or with assistance from a small
number of others, may also perform a range of tasks
associated with management of the business, account
and record keeping and client service, although such
tasks would not normally comprise the major compo-
nent of the work.
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Table OA10: INTERNATIONAL STANDARD CLASSIFICATION OF OCCUPATIONS
(ISCO) - (continued)

Occupations Description

8. Plant and Machine Operators Plant and machine operators and assemblers operate and
monitor industrial and agricultural machinery and equip-
ment on the spot or by remote control; drive and operate
trains, motor vehicles and mobile machinery and equip-
ment; or assemble products from component parts accord-
ing to strict specifications and procedures. Competent per-
formance in most occupations in this major group requires
skills at the second ISCO skill level. The work mainly calls
for experience with and an understanding of industrial and
agricultural machinery and equipment, as well as an abil-
ity to cope with machine-paced operations and to adapt to
technological innovations. Tasks performed by plant and
machine operators and assemblers usually include: oper-
ating and monitoring mining or other industrial machin-
ery and equipment for processing metal, minerals, glass,
ceramics, wood, paper or chemicals; operating and moni-
toring machinery and equipment used to produce articles
made of metal, minerals, chemicals, rubber, plastics, wood,
paper, textiles, fur or leather, and which process foodstuffs
and related products; driving and operating trains and mo-
tor vehicles; driving, operating and monitoring mobile in-
dustrial and agricultural machinery and equipment; and
assembling products from component parts according to
strict specifications and procedures. Supervision of other
workers may be included.

9. Elementary Occupations Elementary occupations involve the performance of sim-
ple and routine tasks which may require the use of hand-
held tools and considerable physical effort. Most occupa-
tions in this major group require skills at the first ISCO
skill level. Tasks performed by workers in elementary oc-
cupations usually include: cleaning, restocking supplies
and performing basic maintenance in apartments, houses,
kitchens, hotels, offices and other buildings; washing cars
and windows; helping in kitchens and performing simple
tasks in food preparation; delivering messages or goods;
carrying luggage and handling baggage and freight; stock-
ing vending-machines or reading and emptying meters; col-
lecting and sorting refuse; sweeping streets and similar
places; performing various simple farming, fishing, hunt-
ing or trapping tasks; performing simple tasks connected
with mining, construction and manufacturing including
product-sorting; packing and unpacking produce by hand,
and filling shelves; providing various street services; ped-
alling or hand-guiding vehicles to transport passengers and
goods; driving animal-drawn vehicles or machinery. Super-
vision of other workers may be included.
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Table OA11: Log of the total hourly wage regression - Whole Sample

(1) (2) (3) (4) (5)
VocationalHS -0.0550*** -0.0583*** -0.0588*** -0.0174*** 0.0119***

(0.0006) (0.0006) (0.0005) (0.0005) (0.0005)
Age 0.0358*** 0.0367*** 0.0240***

(0.0001) (0.0001) (0.0001)
Age Squared -0.000514*** -0.000483*** -0.0003***

(0.0000) (0.0000) (0.0000)
Tenure 0.0303*** 0.0232*** 0.0214***

(0.0001) (0.0001) (0.0001)
Tenure Squared -0.000334*** -0.000317*** -0.000352***

(0.0000) (0.0000) (0.0000)
Male 0.276*** 0.245*** 0.170***

(0.0004) (0.0004) (0.0003)
Logfirmsize 0.0683*** 0.0049***

(0.0001) (0.0004)
Constant 0.5940*** 0.5030*** -0.1030*** -0.4020*** 0.0150***

(0.0002) (0.0015) (0.0014) (0.0013) (0.0022)

Observations 6,266,325 6,266,325 6,266,325 6,266,325 6,266,325
R-squared 0.001 0.006 0.307 0.382 0.680

Notes: The table reports the vocational wage gap defined in equation (1) for the whole sample.
Column (1) reports the unconditional results, column (2) includes the year effects, and the
specification in Column (3) includes individual characteristics: gender, and age and tenure in
quadratic form. Column (4) adds to the previous specification the log size of the firm and column
(5) specification includes also the firm fixed effects. Robust standard errors in parentheses. *
Significant at 10%; ** significant at 5%; *** significant at 1%.
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Table OA12: Log of the total hourly wage regression - six cohort classes

(1) (2) (3) (4) (5)
cohort 1b -0.118*** -0.128*** -0.0549*** -0.0234*** -0.0185***

(0.0013) (0.0012) (0.0012) (0.0012) (0.0009)
cohort 2 -0.244*** -0.258*** -0.0801*** -0.0275*** -0.0315***

(0.0011) (0.0011) (0.0015) (0.0014) (0.0011)
cohort 3a -0.3690*** -0.3900*** -0.1080*** -0.0443*** -0.0469***

(0.0012) (0.0012) (0.0018) (0.0017) (0.0013)
cohort 3b -0.537*** -0.594*** -0.155*** -0.0768*** -0.0676***

(0.0011) (0.0011) (0.0021) (0.0020) (0.0016)
cohort 3c -0.735*** -0.854*** -0.165*** -0.0863*** -0.0703***

(0.0011) (0.0011) (0.0027) (0.0025) (0.0020)
cohort 1a*Vocational HS -0.0463*** -0.0572*** -0.0868*** -0.0454*** 0.0154***

(0.0021) (0.0021) (0.0019) (0.0018) (0.0014)
cohort 1b*Vocational HS -0.0736*** -0.0886*** -0.100*** -0.0571*** 0.00385***

(0.0018) (0.0018) (0.0017) (0.0016) (0.0013)
cohort 2*Vocational HS -0.0986*** -0.115*** -0.107*** -0.0576*** 0.0126***

(0.0016) (0.0016) (0.0015) (0.0014) (0.0011)
cohort 3a*Vocational HS -0.0731*** -0.0877*** -0.0909*** -0.0420*** 0.0174***

(0.0020) (0.0019) (0.0018) (0.0017) (0.0014)
cohort 3b*Vocational HS -0.0325*** -0.0407*** -0.0524*** -0.0115*** 0.0139***

(0.0010) (0.0010) (0.0009) (0.0008) (0.0007)
cohort 3c*Vocational HS 0.0027** 0.0017 -0.0126*** 0.0269*** 0.0064***

(0.0012) (0.0012) (0.0011) (0.0010) (0.0008)
Age 0.0347*** 0.0355*** 0.0230***

(0.0001) (0.0001) (0.0001)
Age Aquared -0.0006*** -0.0005*** -0.0003***

(0.0000) (0.0000) (0.0000)
Tenure 0.0301*** 0.0230*** 0.0213***

(0.0001) (0.0001) (0.0001)
Tenure Squared -0.0003*** -0.0003*** -0.0003***

(0.0000) (0.0000) (0.0000)
Male 0.275*** 0.245*** 0.170***

(0.0004) (0.0004) (0.0003)
Logfirmsize 0.0681*** 0.0034***

(0.0001) (0.0004)
Constant 1.031*** 0.791*** 0.0144*** -0.342*** 0.0747***

(0.0010) (0.0016) (0.0024) (0.0023) (0.0027)
Observations 6,266,325 6,266,325 6,266,325 6,266,325 6,266,325
R-squared 0.148 0.184 0.308 0.383 0.680

Notes: The table reports the vocational wage gap defined in equation (1) by the six cohort
classes definition. Column (1) reports the unconditional results, column (2) includes the year
effects, and the specification in Column (3) includes individual characteristics: gender, and age
and tenure in quadratic form. Column (4) adds to the previous specification the log size of the
firm and column (5) specification includes also the firm fixed effects. Robust standard errors in
parentheses. * Significant at 10%; ** significant at 5%; *** significant at 1%.
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Table OA13: Robustness - Vocational wage gap - year,age, and cohort effects
(1) (2) (3) (4) (5)

VocationalHS -0.0550*** -0.0559*** -0.0611*** -0.0181*** 0.0108***
(0.0006) (0.0006) (0.0005) (0.0005) (0.0005)

Age 0.0411*** 0.0397*** 0.0319***
(0.0001) (0.0001) (0.0001)

Age squared -0.0007*** -0.0005*** -0.0003***
(0.0000) (0.0000) (0.0000)

Tenure 0.0300*** 0.0230*** 0.0212***
(0.0001) (0.0001) (0.0001)

Tenure squared -0.0003*** -0.0003*** -0.0003***
(0.0000) (0.0000) (0.0000)

Male 0.275*** 0.245*** 0.169***
(0.0004) (0.0004) (0.0003)

Logfirmsize 0.0679*** 0.0021***
(0.0001) (0.0004)

GDP growth -0.0088*** 0.0011*** 0.0006*** 0.0017***
(0.0001) (0.0001) (0.0001) (0.0001)

Unemp rate (voc. HS) -0.0035*** -0.0109*** -0.0120*** -0.0112***
(0.0001) (0.0001) (0.0001) (0.0001)

Constant 0.594*** 0.635*** 0.0245*** -0.3000*** 0.0063**
(0.0002) (0.0007) (0.0031) (0.0030) (0.0030)

Observations 6,266,325 6,266,325 6,266,325 6,266,325 6,266,325
R-squared 0.001 0.002 0.308 0.381 0.679

Other Controls
Birth Year Dummies no no yes yes yes

Notes:
The table reports the vocational wage gap regressions to address the difficulty to identify sepa-
rately age patterns from cohort or calendar period effects. Following Dohmen, Falk, Golsteyn,
Huffman, and Sunde (2017) we replace year fixed effects with observable time-variant variables
(gdp and unemployment for the High School graduates) for the specific underlying factors that
may change vocational education choices across periods. Column (1) reports the unconditional
results, column (2) includes the GDP and unemployment rate for the High School graduates,
and the specification in Column (3) includes in addition the individual characteristics: gender,
and age and tenure in quadratic form. Column (4) adds to the previous specification the log
size of the firm and column (5) specification includes also the firm fixed effects. Summing up,
in Column (2) to (5) we use as period indicators the gdp growth and the unemployment rate of
the individuals with vocational HS degree, and in Columns (3) to (5) since we are controlling for
age we have additionally used the birth year dummies to fully account for the age/cohort/year
identification issue.Robust standard errors in parentheses
* Significant at 10%; ** significant at 5%; *** significant at 1%.
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Table OA14: Log of the total hourly wage regression by Occupation and by Cohort

(1) (2) (3) (4) (5)

Panel A - Regression cohort 1951-1961

1. Managers × Vocational -0.1620*** -0.1710*** -0.1860*** -0.1280*** -0.0620***
(0.0053) (0.0053) (0.0048) (0.0044) (0.0041)

2. Professionals × Vocational -0.1820*** -0.1850*** -0.1900*** -0.0842*** 0.0002
(0.0070) (0.0069) (0.0064) (0.0059) (0.0047)

3. Technicians and Associate Professionals × Vocational -0.0915*** -0.0954*** -0.1310*** -0.0696*** -0.0264***
(0.0027) (0.0026) (0.0024) (0.0022) (0.0018)

4. Clerical Support Workers × Vocational -0.0795*** -0.0869*** -0.0958*** -0.0172*** 0.0104***
(0.0027) (0.0027) (0.0025) (0.0023) (0.0020)

5. Services and Sales Workers × Vocational 0.0281*** 0.0220*** -0.0200*** 0.0150*** 0.0540***
(0.0050) (0.0050) (0.0046) (0.0042) (0.0040)

6. Skilled Agric., forestry and fishery workers × Vocational 0.1550*** 0.1490*** 0.1490*** 0.1360*** 0.1380***
(0.0461) (0.0457) (0.0418) (0.0386) (0.0340)

7. Craft and Related Trade Workers × Vocational 0.1780*** 0.1720*** 0.0774*** 0.0784*** 0.0655***
(0.0053) (0.0052) (0.0048) (0.0044) (0.0037)

8. Plant and Machine Operators and Assemblers × Vocational 0.1560*** 0.1570*** 0.0777*** 0.0958*** 0.0878***
(0.0064) (0.0064) (0.0058) (0.0054) (0.0043)

9. Elementary Occupations × Vocational 0.0211*** 0.0216*** -0.0376*** -0.0194*** 0.0225***
(0.0066) (0.0066) (0.0060) (0.0056) (0.0046)

Observations 933,732 933,732 933,732 933,732 933,732
R-squared 0.207 0.219 0.347 0.445 0.758

Notes: This table reports the vocational wage gap within occupations and by cohort class. In panel
(A) the table displays the results for the cohort class 1951-1961, in panel (B) for the cohort class 1962-
1967, and in Panel (c) the results for cohort class 1968-1995. Column (1) reports the unconditional
results, column (2) includes the year effects, and the specification in Column (3) includes individual
characteristics: gender, and age and tenure in quadratic form. Column (4) adds to the previous
specification the log size of the firm and column (5) specification includes also the firm fixed effects.
See Table OA10 in the online appendix for the detailed description of the occupations according to
the International Standard Classification of Occupations (ISCO).
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Table OA14: Log of the total hourly wage regression by Occupation and by Cohort (continued)

(1) (2) (3) (4) (5)

Panel B - Regression cohort 1962-1967

1. Managers × Vocational -0.147*** -0.159*** -0.160*** -0.113*** -0.00782
(0.00693) (0.00681) (0.00631) (0.00579) (0.00552)

2. Professionals × Vocational -0.130*** -0.135*** -0.110*** -0.0401*** 0.0292***
(0.00807) (0.00792) (0.00734) (0.00674) (0.00544)

3. Technicians and Associate Professionals × Vocational -0.140*** -0.146*** -0.124*** -0.0487*** 0.00872***
(0.00325) (0.00319) (0.00296) (0.00272) (0.00236)

4. Clerical Support Workers × Vocational -0.108*** -0.123*** -0.105*** -0.0270*** 0.0113***
(0.00303) (0.00298) (0.00276) (0.00254) (0.00236)

5. Services and Sales Workers × Vocational -0.0475*** -0.0557*** -0.0577*** -0.0264*** 0.0525***
(0.00455) (0.00447) (0.00414) (0.00380) (0.00361)

6. Skilled Agric., forestry and fishery workers × Vocational 0.0620 0.0425 0.0650 0.0488 -0.0525
(0.0462) (0.0454) (0.0420) (0.0386) (0.0328)

7. Craft and Related Trade workers × Vocational 0.0210*** 0.00613 0.000104 0.0308*** 0.0380***
(0.00598) (0.00588) (0.00544) (0.00500) (0.00450)

8. Plant and Machine Operators and Assemblers × Vocational -0.0304*** -0.0409*** -0.0484*** -0.00158 0.0243***
(0.00721) (0.00708) (0.00656) (0.00602) (0.00514)

9. Elementary Occupation × Vocational -0.0165** -0.0321*** -0.0496*** -0.0182*** 0.0219***
(0.00689) (0.00677) (0.00627) (0.00576) (0.00489)

Observations 1,064,573 1,064,573 1,064,573 1,064,573 1,064,573
R-squared 0.188 0.217 0.329 0.434 0.752

Notes: This table reports the vocational wage gap within occupations and by cohort class. In panel
(A) the table displays the results for the cohort class 1951-1961, in panel (B) for the cohort class 1962-
1967, and in Panel (c) the results for cohort class 1968-1995. Column (1) reports the unconditional
results, column (2) includes the year effects, and the specification in Column (3) includes individual
characteristics: gender, and age and tenure in quadratic form. Column (4) adds to the previous
specification the log size of the firm and column (5) specification includes also the firm fixed effects.
See Table OA10 in the online appendix for the detailed description of the occupations according to
the International Standard Classification of Occupations (ISCO).
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Table OA14: Log of the total hourly wage regression by Occupation and by Cohort (continued)

(1) (2) (3) (4) (5)

Panel C - Regression cohort 1968-1995

1. Managers × Vocational -0.0297*** -0.0418*** -0.0543*** -0.0364*** -0.0116***
(0.0042) (0.0042) (0.0038) (0.0035) (0.0031)

2. Professionals × Vocational -0.139*** -0.145*** -0.115*** -0.0621*** -0.0297***
(0.0035) (0.0035) (0.00314) (0.0029) (0.0024)

3. Technicians and Associate Professional × Vocational -0.128*** -0.139*** -0.106*** -0.0666*** -0.0298***
(0.0014) (0.0014) (0.0013) (0.0012) (0.0010)

4. Clerical Support workers × Vocational -0.0981*** -0.109*** -0.0810*** -0.0300*** 0.00447***
(0.0011) (0.0011) (0.0010) (0.0009) (0.0008)

5. Services and Sales Workers × Vocational -0.0309*** -0.0374*** -0.0259*** 0.0100*** 0.0153***
(0.0014) (0.0013) (0.0012) (0.0011) (0.0010)

6. Skilled Agric., forestry and fishery workers × Vocational -0.0481*** -0.0537*** -0.0334** -0.0240* -0.0192
(0.0172) (0.0170) (0.0155) (0.0145) (0.0124)

7. Craft and Related Trade Workers × Vocational 0.0400*** 0.0248*** 0.0298*** 0.0394*** 0.0247***
(0.0020) (0.0019) (0.0018) (0.0016) (0.0014)

8. Plant and Machine Operators and Assemblers × Vocational -0.0138*** -0.0249*** 0.00360* 0.0224*** 0.0172***
(0.0022) (0.0022) (0.0020) (0.0019) (0.0015)

9. Elementary Occupation × Vocational -0.0258*** -0.0390*** -0.0189*** 0.00516*** 0.0125***
(0.0022) (0.0022) (0.0020) (0.0019) (0.0015)

Observations 4,239,940 4,239,940 4,239,940 4,239,940 4,239,940
R-squared 0.138 0.163 0.307 0.394 0.684

Notes: This table reports the vocational wage gap within occupations and by cohort class. In panel
(A) the table displays the results for the cohort class 1951-1961, in panel (B) for the cohort class 1962-
1967, and in Panel (c) the results for cohort class 1968-1995. Column (1) reports the unconditional
results, column (2) includes the year effects, and the specification in Column (3) includes individual
characteristics: gender, and age and tenure in quadratic form. Column (4) adds to the previous
specification the log size of the firm and column (5) specification includes also the firm fixed effects.
See Table OA10 in the online appendix for the detailed description of the occupations according to
the International Standard Classification of Occupations (ISCO).
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Table OA15: Percentage of workers in General and Vocational by low paying firms and
high paying firms - By Industry

Low paying firm High paying firm
General Vocational General Vocational

Cohort 1a - 1951-1956
Industry 24 30 17 40
Construction 6 8 3 3
Commerce and transports 42 34 26 22
Finance and services 29 27 54 34

Cohort 1b 1957-1961
Industry 25 27 17 34
Construction 6 6 3 4
Commerce and transports 38 37 31 30
Finance and services 32 30 49 32

Cohort 2 1962-1967
Industry 23 23 17 23
Construction 5 6 3 5
Commerce and transports 39 39 36 37
Finance and services 32 32 44 34

Cohort 3a 1968-1970
Industry 21 23 18 23
Construction 5 7 4 6
Commerce and transports 41 38 37 36
Finance and services 33 31 42 35

Cohort 3b 1971-1979
Industry 18 21 20 24
Construction 5 7 5 7
Commerce and transports 44 39 41 37
Finance and services 34 33 35 32

Cohort 3c 1980-1995
Industry 15 20 19 27
Construction 4 7 5 8
Commerce and transports 47 38 46 37
Finance and services 35 34 29 29

Notes: Low paying firms: firms below median firms fixed effects. In other words, firm fixed
effects below percentile 50.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.



Table OA16: Percentage of workers in General and Vocational by low paying firms and
high paying firms - By Region

Low paying firm High paying firm
General Vocational General Vocational

Cohort 1a - 1951-1956
North 25 28 19 15
Centrum 10 12 3 6
Lisbon 56 50 72 69
Alentejo 6 7 3 5
Algarve 3 2 2 4
Cohort 1b 1957-1961
North 29 30 19 16
Centrum 13 14 4 7
Lisbon 48 46 70 67
Alentejo 7 7 4 5
Algarve 3 2 2 5
Cohort 2 1962-1967
North 30 32 19 18
Centrum 13 13 5 8
Lisbon 47 46 69 64
Alentejo 7 7 4 6
Algarve 3 3 3 4
Cohort 3a 1968-1970
North 30 32 18 21
Centrum 14 15 6 10
Lisbon 46 44 69 58
Alentejo 7 7 4 7
Algarve 3 3 3 4
Cohort 3b 1971-1979
North 30 33 19 24
Centrum 13 16 8 12
Lisbon 46 41 64 53
Alentejo 7 7 5 7
Algarve 4 3 4 3
Cohort 3c 1980-1995
North 32 38 24 31
Centrum 12 17 10 13
Lisbon 47 35 55 43
Alentejo 6 6 7 8
Algarve 3 4 4 5

Notes:
Low paying firms: firms below median firms fixed effects. In other words, firm fixed effects
below percentile 50.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.
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Table OA17: Percentage of workers in General and Vocational by low paying firms and
high paying firms - By Firm Size

Low paying firm High paying firm
General Vocational General Vocational

Cohort 1a - 1951-1956
Small 29 31 11 14
Medium 27 30 16 18
Large 44 39 73 68

Cohort 1b 1957-1961
Small 32 34 12 18
Medium 30 33 18 22
Large 38 33 70 60

Cohort 2 1962-1967
Small 34 38 15 26
Medium 28 30 20 28
Large 37 31 64 47

Cohort 3a 1968-1970
Small 37 39 18 29
Medium 27 30 21 27
Large 37 31 61 45

Cohort 3b 1971-1979
Small 37 41 21 30
Medium 24 27 24 28
Large 39 32 55 42

Cohort 3c 1980-1995
Small 32 39 23 26
Medium 22 26 25 28
Large 46 35 51 45

Notes:
Low paying firms: firms below median firms fixed effects. In other words, firm fixed effects
below percentile 50.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.
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Table OA18: Percentage of workers in General and Vocational by low paying firms and
high paying firms - By Occupation

Low paying firm High paying firm

General Vocational General Vocational

Cohort 1a - 1951-1956
Managers 10 10 7 7
Professionals 4 5 6 4
Technicians and Associate Professionals 24 28 37 41
Clerical Support Workers 32 24 40 28
Services and Sales Workers 12 10 3 3
Skilled Agricultural, Forestry and Fishery Workers 0 0 0 0
Craft and Related Trades Workers 7 11 3 9
Plant and Machine Operators and Assemblers 5 5 3 6
Elementary Occupations 7 7 2 3

Cohort 1b 1957-1961
Managers 7 9 5 6
Professionals 3 4 5 5
Technicians and Associate Professionals 23 23 35 36
Clerical Support Workers 34 28 42 31
Services and Sales Workers 16 15 3 4
Skilled Agricultural, Forestry and Fishery Workers 0 0 0 0
Craft and Related Trades Workers 6 10 3 8
Plant and Machine Operators and Assemblers 5 5 3 8
Elementary Occupations 7 7 2 3

Cohort 2 1962-1967
Managers 5 7 4 5
Professionals 3 3 5 6
Technicians and Associate Professionals 20 22 33 33
Clerical Support Workers 35 28 42 32
Services and Sales Workers 18 19 6 7
Skilled Agricultural, Forestry and Fishery Workers 0 0 0 0
Craft and Related Trades Workers 6 9 4 7
Plant and Machine Operators and Assemblers 4 5 5 6
Elementary Occupations 7 8 3 3

Notes:
Low paying firms: firms below median firms fixed effects. In other words, firm fixed effects
below percentile 50.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.
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Table OA18: Percentage of workers in General and Vocational by low paying firms and
high paying firms - By Occupation (continued)

Low paying firm High paying firm

General Vocational General Vocational

Cohort 3a 1968-1970
Managers 4 5 3 4
Professionals 3 3 4 5
Technicians and Associate Professionals 18 20 28 31
Clerical Support Workers 36 31 44 34
Services and Sales Workers 21 18 7 8
Skilled Agricultural, Forestry and Fishery Workers 0 0 0 0
Craft and Related Trades Workers 7 10 4 8
Plant and Machine Operators and Assemblers 4 5 6 7
Elementary Occupations 8 8 3 4

Cohort 3b 1971-1979
Managers 3 3 2 2
Professionals 2 3 4 4
Technicians and Associate Professionals 13 16 23 26
Clerical Support Workers 31 31 40 35
Services and Sales Workers 29 23 13 10
Skilled Agricultural, Forestry and Fishery Workers 0 0 0 0
Craft and Related Trades Workers 7 10 6 9
Plant and Machine Operators and Assemblers 5 5 8 8
Elementary Occupations 10 8 6 5

Cohort 3c 1980-1995
Managers 1 1 1 1
Professionals 1 2 2 3
Technicians and Associate Professionals 8 13 13 19
Clerical Support Workers 24 24 28 26
Services and Sales Workers 41 32 28 18
Skilled Agricultural, Forestry and Fishery Workers 0 0 0 0
Craft and Related Trades Workers 8 11 9 14
Plant and Machine Operators and Assemblers 6 7 10 12
Elementary Occupations 11 10 9 8

Notes:
Low paying firms: firms below median firms fixed effects. In other words, firm fixed effects
below percentile 50.
High paying firms: firms above median firms fixed effects. In other words, firm fixed effects
above percentile 50.
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