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Foreword 
 

Encouraging Lifelong Learning for an Inclusive & Vibrant Europe  
 

What’s gone awry in Europe’s lifelong learning markets? Although it has been a central 

European Union (EU) policy priority since 1993, and the EU’s mechanisms for multinational 

policy co-ordination and measurement in lifelong learning are world-leading, one in every five 

Europeans under 25 is now unemployed. Many are not in employment, education or training. 

According to the High Level Group on Literacy, one in five 15-year olds lack the literacy skills 

required to function successfully in a modern society; 73 million EU adults have low levels of 

education and literacy; while achieving the current EU benchmark of functional literacy for 

85% of 15-year-olds would increase lifetime GDP – lifetime earnings – by €21 trillion.  

Clearly Europe’s educational markets are failing to ensure that our citizens – particularly our 

younger citizens – have access to the education and training they need for their own economic 

prosperity and social welfare. They are also failing European society as a whole. Social 

exclusion, disaffection and the long-term “scarring” effects of unemployment are clear dangers 

to economic competitiveness, to social cohesion, and to the European project as a whole.  

This is the starting point for ENLIVEN – Encouraging Lifelong Learning for an Inclusive & 

Vibrant Europe – a three-year research project (2016-2019) funded by the EU’s Horizon 2020 

programme. The ENLIVEN research explores these challenges in several ways. 

First, we are exploring and modelling how policy interventions in adult education markets 

can become more effective. We bring together state-of-the-art methodologies and theorisations 

(e.g. Case-Based Reasoning methodology in artificial intelligence, bounded agency in adult 

learning) to develop and evaluate an innovative Intelligent Decision Support System (IDSS) to 

provide a new and more scientific underpinning for policy debate and decision-making about 

adult learning, especially for young adults. For this, we are drawing on findings from research 

conducted by European and international agencies and research projects, as well as findings 

from ENLIVEN research itself. The IDSS is intended to enable policy-makers at EU, national 

and organizational levels to enhance the provision and take-up of learning opportunities for 

adults, leading to a more productive and innovative workforce, and reduced social exclusion. 

The IDSS work organised in two workpackages (WPs 8-9). 

Second, we are investigating programmes, governance and policies in EU adult learning. By 

looking at the multi-dimensional nature of social exclusion and disadvantage, and the role of 

public and private markets in reversing – or reproducing – inequalities across Europe, we aim 

to provide a more holistic understanding of policies, their rationales, operationalization, and 

role in enhancing growth and inclusion. Beginning with the main European policies and 

funding schemes for adult learning aimed at tackling disadvantage, inequality and social 

exclusion, we are identifying the different ways in which social inequality is expressed, 

constructed as a policy goal, and legitimized by discourses at the European level, and 

nationally. Combining policy diffusion studies with studies of multilevel governance that map 

the relations between various adult learning stakeholders and decision makers, their 

conceptualizations of the purpose of adult learning and their priorities, we are identifying the 



3 
 

main barriers and enablers for access and participation in adult learning in Europe at the 

programme and subnational levels. This work is organised in three work packages (WPs1-3). 

Third, we are examining “system characteristics” to explain country/region-level variation in 

lifelong learning participation rates – particularly among disadvantaged and at-risk groups, and 

young people. The “markets” for adult education are complex, with fuzzy boundaries, and the 

varied reasons why adults learn. Drawing on Labour Force Survey, Adult Education Survey, 

European Union Statistics on Income and Living Conditions (EU-SILC), and European Social 

Survey datasets, we use multilevel regression analysis and construct a pseudo-panel to address 

questions such as which system characteristics explain country and region-level variations in 

participation rates (overall, and among disadvantaged groups and youth at risk of exclusion), 

and how government policy can be most effective in promoting participation. This research is 

organised in Work Package 4. 

Underlying the ENLIVEN research is the need for a reconstruction of adult educational 

policy-formation in Europe. Currently there are two particular problems. On the one hand, the 

principal beneficiaries of adult education (across Europe as elsewhere) are the relatively more 

privileged: those who have received better initial education, those in employment, and (among 

the employed) those in better-paid, more secure and more highly-skilled jobs. The adults who 

are (arguably) most in need of education and training, such as young, unemployed, low skilled, 

disabled and disadvantaged workers, are characterised by lower participation rates. On the 

other hand, in contrast to the education of children, adult education is by and large financed by 

individual students (‘learners’), their families, and/or their employers. Though this is partly the 

outcome of public policy driven by the desire to reduce public spending (or restrict its growth), 

and to utilise the efficiencies inherent in market-based allocation systems, it limits the policy 

tools available to governments and state agencies. A central feature of public policy in adult 

education is therefore to influence the behaviour of citizens and enterprises, encouraging them 

to invest in lifelong learning for themselves and their workers. 

Finally, we are examining the operation and effectiveness of young adults’ learning at and 

for work. The availability and quality of work for young adults differs by institutional setting 

across EU member states. We are undertaking institutional-level case studies on attempts to 

craft or to change the institutions which govern young adults’ early careers, workplace learning 

and participation in innovation activities, comparing countries with similar or diverging 

institutional frameworks. This is the focus of three work packages (WPs 5-7). 
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University of Nottingham 

john.holford@nottingham.ac.uk  
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Executive summary 
Deliverable D4.1 consists of two parts. Part I focusses on the barriers to participation of 

disadvantaged adults in lifelong learning across European countries. We adopt a supra-

individual comparative framework that covers the multiple layer of the complex problem in 

order to reveal those barriers (hindrances or bounds) that distinguish participants from non-

participants to lifelong learning in distinct societies in the European Union, Iceland, Norway, 

and Switzerland. Further, it addresses the influence of system characteristics across different 

disadvantaged groups, employed low-educated persons, employed low-educated young adults, 

and employed migrants, and compare the identified barriers for these disadvantaged groups to 

the overall employed population. The focus on employed individuals is justified from the fact 

that they comprise most of the adult lifelong learners in the EU. Further, the focus on 

disadvantaged adults is justified from the fact that to this moment, the barriers to participation 

of these groups of adults are under-researched. This is in line with the ENLIVEN project’s 

objectives. 

Upon the assumption that participants and non-participants are comparable on background 

characteristics, variation in the participation rate between societies can only be attributed to 

system characteristics. In fact, this is a strong assumption that needs an econometric framework 

to deal with it. Therefore, in order to meet this assumption we adopt generalized structural 

equation modelling (GSEM) estimation techniques that controls for (observed) individual level 

(often situational) determinants of participation, before looking at the influence of system 

characteristics on the participation decision. Further, an important feature of GSEM is that it 

accounts for possible interdependency of system characteristics. Additionally, the empirical 

framework rather focuses on European societies at regional level than at country level. Hereby, 

it is acknowledged that large variations in the participation rate between regions within one 

country. Doing so, it is argued that system characteristics can differ between jurisdictions, 

which is best captured in a regional level empirical framework. Moreover, regions cover a more 

homogeneous population than countries. This facilitates the comparability of participants and 

non-participants on background characteristics. 

For the empirical analysis, the European Union Labour Force Surveys (EU LFS edition 2017) 

are used as the main data source for the estimation of lifelong learning participation. These data 

are collected for 27 European Union countries and Norway in the year 2016. EU LFS provide 

information on regions at the level of NUTS-2, (Nomenclature of Territorial Units for 

Statistics); the basic regions for the application of regional policies. In this way the 28 European 

countries comprises of 209 regions. 

Controlling as best as possible for confounding variables at the individual level, we identify 

several system characteristics that play a key role in lifelong learning participation, for 

example, the entrance age into lower secondary education; the compulsory education age; the 

(perceived) costs of lifelong learning; and the indicators of economic development (per capita 

regional gross domestic product and the number of patent applications). Overall it is argued 

that these system characteristics particularly restrict low-educated (young) individuals from 

access to lifelong learning. Also from an individual perspective, it is observed that low-

educated (young) adults, who face income pressure, do not choose for formal learning 

pathways as a means to increase labour earnings, as opposed to the general (middle- or high-
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educated) working force. Policymakers and government officials could respond to this 

observation with a more inclusive policy. 

 

Deliverable D4.1 Part II will further focus on the advantages of an inclusive policy on lifelong 

learning for the economy as a whole. Lifelong learning has become a recognized EU-28 

education priority in response to fast-paced technological transformations. However, not 

everyone is equally able or willing to participate in lifelong learning. Part I of deliverable D4.1 

shows that disadvantaged groups are more likely excluded from participation to lifelong 

learning. This may have implications for the society as a whole. Part II investigates the 

accessibility of lifelong learning participation and its impact on economic growth. In particular, 

it looks at unequal access to lifelong learning between the rich and the poor, and between the 

low-educated and the high-educated. With this we explicitly focus on two disadvantaged 

groups, the poor and the low-educated, who are at-risk of exclusion from the advantages of 

'skill-biased' innovation, and who are increasingly at-risk of job loss, of obsolete skills and 

dismissal, of long-term unemployment, and even of social exclusion. Whereas Part I focuses 

on the hindrances, or barriers to lifelong learning participation of disadvantaged adults, Part II 

rather focusses on the consequences of these impediments for the economy. If, education and 

training are important determinants of the wealth of nations, then one can reasonably argue that 

limited and unequal access to education or training restricts the possible channels to impact 

growth. Lifelong learning then is not only a matter for the disadvantaged individual, or group, 

but also for society as a whole, which requires policy action that enhances individuals’ 

prospects and with this also societies’ wealth. This idea of thought is in line with the ENLIVEN 

project. 

For the empirical analysis, the authors collected data from the European Union Labour Force 

Survey (EU LFS) for 23 European countries between 2011 and 2016. In line with Part I of 

Deliverable D4.1, it is acknowledged that regions, or communities, is the disaggregated level 

at which educational and labor market policy often takes place. Further, it offers several 

statistical advantages for the empirical strategy. In particular, we apply dynamic panel data 

estimation techniques and offer a wide set of robustness analyses including country fixed 

effects. In total the 23 European countries represent 211 regions.  

The main results indicate that the growth rate is significantly reduced by -0.4 percentage 

points when inequality between low-educated and high-educated in the access to lifelong 

learning increases. Similar results are observed for the impact of unequal access to lifelong 

learning between rich and poor on growth, but these findings are not significant. It is then 

argued that the skill-biased technological change, which implies that technological progress is 

only in favour of the high-educated, is not favourable for economic growth as a whole. Three 

implications are discussed: (1) the level of educational attainment in the population cannot 

explain why some countries excel and others fall short; (2) inequality in access to lifelong 

learning between low- and high-educated is worse in societies with high shares of routinized 

jobs; and (3) the costs of lifelong learning can explain about 0.1 percentage point of the total 

negative impact of the HCI-index on growth. 
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Part I: On the Barriers to Participation 
of Disadvantaged Adults in Lifelong 

Learning across 28 European countries 
 

 

 





1 Introduction 

Lifelong learning is high on the Education & Training 2020 Agenda, as indicated by one of 

the EU headline targets of minimal 15% of adults aged 25-64 enrolled in formal or non-formal 

learning activities. Large differences in lifelong learning participation rates are observed 

between European countries, with less than 2.5% in Romania and Bulgaria in 2016, to more 

than 20% in Iceland, Finland, Denmark, Sweden and Switzerland (Eurostat [trng_lfs_01]; 

Extracted: January 2018). As such, many EU countries fail to reach the 15%-target. These 

differences are even larger across European regions from 0.7% in Sud-est and Sud-Vest Oltenia 

in Romania to 35.6% in Zurich in Switzerland (Eurostat [trng_lfs_04]; Extracted: August 

2018). 

Against this background, this report examines the barriers to participation in lifelong learning. 

It contributes to the literature in at least three ways. First, building upon previous frameworks 

in the field of adult education and economics, we develop a supra-individual comparative 

framework that covers the multiple layer of the complex problem of participation in lifelong 

learning in order to reveal those barriers that distinguish participants from non-participants in 

distinct societies. 

We look at these barriers from the perspective of individuals, while, at the same time, 

acknowledging that institutions and education and labour market policies that may 

(structurally) impose barriers to individuals (Cross 1981; Chapman et al. 2006; Laal 2011; 

Boeren 2016; among others). 

Second, drawing on data from the European Union Labour Force Survey (EU-LFS) collected 

in the year 2016, we adopt generalized structural equation modelling (GSEM), as to 

acknowledge the interdependency of identified system determinants. Doing so, we develop 

new indicators that up till now have not been fully covered in the analysis of barriers to 

participation in lifelong learning, such as over-education and care for family members. 

Third, to the best of our knowledge, most of the previous research on the barriers focuses on 

countries, while ignoring regional level and differences in relevant national system 

characteristics (eg. Rubenson & Desjardins 2009; Roosmaa & Saar 2016). 

Fourth, we consider participants in lifelong learning which belong to various disadvantaged 

groups, and which to this moment are under-researched (Tuparevska, Santibáñez and 

Solabarrieta, 2018). It gives us a broader perspective on how barriers potentially differ across 

different groups of the population.  

Fifth, in contrast to previous research on barriers, we take into account that lifelong learning 

is a heterogeneous good. Doing so, we explore the differences in the barriers to participation 

across two types of lifelong learning: formal learning and non-formal learning. 

 

This paper proceeds as follows. First, we discuss previous research and our theoretical 

framework in Section 2. Then we describe the data in Section 0, and the methodology that we 

use in Section 3. This is followed by a presentation of the main findings of the report in Section 

4. Section 5 provides concluding remarks. 
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2 Framework 

2.1 Point of departure 

There are many theoretical and empirical studies on the reasons why adults participate in 

education or training. There is a long tradition of explaining the mechanisms behind 

participation in adult education1. Based on the U.S. Department of Education (1998, p.33-47), 

there are three often cited frameworks, namely: the Recruitment Paradigm of Rubenson (1977); 

the Chain-of-Response Model of Cross (1981); and the Psychosocial Interaction model of 

Darkenwald and Merriam (1982). Recent re-considerations of these theoretical frameworks has 

led to the development of the renewed Bounded Agency model by Rubenson and Desjardins 

(2009). By labelling the model "Bounded Agency", the authors wish to refer to the fact that 

adults have agency to decide on participation in education or training, however, due to bounds, 

or restrictions, they cannot take the preferred action to participate. Further, from the model the 

authors conclude that the focus on non-participants is rather meaningless in that adults are only 

bound in their agency when they wish to participate, but cannot do so due to several reasons.  

For the classification of reasons that may impede lifelong learning participation, Rubenson 

and Desjardins (Ibidem) depart in their study from the frequently cited framework of Cross 

(1981), who classifies ‘barriers’ to participation in lifelong learning into: (1) situational 

barriers; (2) institutional barriers; and (3) dispositional barriers. Situational barriers are dealing 

with the life situation of an individual and mainly include time constraints owing to family 

reasons or job-related time allocation (Merriam, 2005; Desjardins, Rubenson and Milana, 

2006). For example, it is generally acknowledged that women, engaged in employment, and at 

the head of a household with small children, are less likely to participate in adult education or 

training than men.  

Institutional barriers exist at the supra-individual level, for example, at the regional level or 

at the country level. They are also referred to as system characteristics or macro level 

determinants. Important barriers are the (lack of) provision of adult education or training, and 

who pays for it. Boeren and Whittaker (2018) mapped several types of formal or non-formal 

learning activities that can be provided to adults, namely: (1) basic skills and basic education; 

(2) second chance education at upper secondary levels; (3) post-secondary VET; (4) 

apprenticeships; (5) training as part of Active Labour Market Policies (ALMP); (6) workplace 

or job-related learning; and (7) personal or social learning. With this typology, Boeren and 

Whittaker (2018) are more comprehensive than Hefler and Markowitsch (2008), Meyers et al. 

(2014), and Desjardins (2017), whereas these latter authors solely focus on typologies for 

learning activities in vocational training. Further, Boeren and Whittaker (2018, p.2) argue that 

“[…] participation does not happen automatically. In order for adults to participate in 

educational activities, high quality education and training offers need to be available to them.” 

Among other reasons for non-participation, they point to non-flexible modes of provision of 

learning activities. For example, employers restrict their employees to participate in adult 

education or training related to the job contents only. Or employees can only participate in 

learning activities after working hours, so that it is very difficult to combine learning with 

family life. The authors also point to high enrolment fees. 

                                                           
1 For a more complete overview see e.g. (Courtney 1992) or (Boeren et al. 2010). 
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With regard to the financial barrier to participation, there are at least three parties that can pay 

the cost, namely: the participant, the government, or the employer (e.g. for apprenticeship 

training). First, taking as an example the situation of the non-participant. On the one hand, 

poverty restricts individuals to invest in education or training, in the absence of government 

subsidies, in particular. On the other hand, regardless of labour earnings, individuals may be 

reluctant to pay the cost when the benefits of learning do not outweigh the costs (Dhanidina 

and Griffith, 1975), or if learning comprises of job-related activities (Chisholm et al., 2004). 

The monetary costs of learning consist of tuition fees, transportation and foregone time, while 

the benefits include higher labour earnings and non-monetary and cultural benefits. Second 

option is to consider the government. The government often subsidizes the costs of training of 

unemployed individuals within the scope of active labour market policy. However, Rubenson 

and Desjardins (2009) argue that in many European countries, with the exception of the Nordic 

countries, adult education policy is not aligned with active labour market policy. Due to lack 

of government support towards lifelong learning, high perceived costs of lifelong learning limit 

individuals’ capability to participate in learning activities. Moreover, employers also attribute 

to this negative perception on the costs of lifelong learning. It is observed that employers 

provide little or no financial (or psychological) stimuli to low-educated employees, while, 

generally spoken, these employees need financial (or psychological) stimuli the most, for 

example, owing to relatively lower labour earnings (or bad experiences with past initial 

education), when compared to the high-educated. It should be noted that the psychological 

needs of adults to engage in learning, like positive motivation and attitude, are referred to as 

dispositional barriers (Lavrijsen and Nicaise, 2017).  

Given the strong associations between educational attainment, socio-economic and socio-

demographic characteristics, and labour earnings, by far, the highest diploma attained in initial 

education then becomes the most important determinant of non-participation in lifelong 

learning (Desjardins, Rubenson and Milana, 2006; Kyndt and Baert, 2013; European 

Commission, 2015). Furthermore, while a substantial share of European citizens indicate that 

employers should bear the costs of lifelong learning, economists have argued that employers 

are only willing to pay for the education or training(partly), when the learning activity directly 

benefit the participant's production on the job (Acemoglu and Pischke, 1998). Therefore, 

training offered to employees and paid for by the employer is often job-specific and less aimed 

at the acquisition of general transferable skills (Lazaer, 2009). Boeren and Whittaker (2018, p. 

5) argue in this respect that “This is in contrast to the mode of operation of expansive working 

environments that put more focus on the development of general and transferrable skills.” 

2.2 A comparative framework 

From the discussion on the typology of barriers, it is clear that frameworks in the field of 

adult education (e.g. the Chain-of-Response Model of Cross (1981) and the Bounded Agency 

Model of Rubenson and Desjardins (2009)), come together with frameworks in the field of 

economics (U.S. Department of Education, 1998). The majority of economic frameworks are 

based on utility maximizing rationale, which implies that individuals optimally allocate time 

and resources to family, work, education or training, and/or leisure (Hanushek et al. 2016). The 

allocation decision is driven by socio-economic and socio-demographic factors (e.g. age, 
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gender, ethnicity, marital status, parents’ schooling and income), a discount rate attached to the 

monetary (and non-monetary) value of education over the lifecycle, and employment status.  

As such, both frameworks, in the field of adult education and in the field of economics, depart 

from the idea that individuals, who differ from each other based on observed and unobserved 

characteristics, can make rational choices. However, contrary to adult education frameworks, 

like the Bounded Agency Model, economic utility frameworks meaningfully compare 

participants with non-participants, because it does not treat the intention of non-participants 

(yes/no wishing to participate) as a point of departure, but rather as an outcome of past 

experiences. If, a person claims that he/she is not participating in adult education or training, 

and also does not wish to do so, then this choice may already be an end product of institutional 

barriers or dispositional barriers, for example, bad experiences with initial education in the past 

due to grade retention or early tracking may demotivate an individual to ever participate in 

learning activities again, despite its learning potential (Groenez, Desmedt and Nicaise, 2007). 

In sum, there are many reasons why individuals like or dislike courses or conference 

attendances beyond initial formal education or training; these reasons are inherent to the 

individual and also created by the society wherein he/she lives; and these reasons distinguish a 

participant from a non-participant at a particular point in life. The individual decision to engage 

in a lifelong learning career then relies on the complex interaction between background 

characteristics inherent to the individual (at least in the short-term), provision of adult 

education or training in the neighbourhood, factors that play a role in engagement with 

learning, and support from stakeholders (e.g. family and employer), whether financially or 

emotionally. Further, it also depends on market conditions and the need for learning among the 

adult population. Logically, this need is higher in rapidly changing societies. All these 

determinants of participation in adult education or training, except for background 

characteristics, are labelled as follows as system characteristics, whereas these determinants 

play a role at the supra-individual level. 

We adopt a supra-individual comparative framework that covers the multiple layer of the 

complex problem in order to reveal those barriers that distinguish participants from non-

participants in distinct societies. The comparison group for participants, i.e. the non-

participants, are all considered as potential participants in this framework.  

2.3 Translation to empirics 

Under the assumption that participants and non-participants are comparable on background 

characteristics, variation in the participation rate between societies can only be attributed to 

system characteristics. In fact, this is a strong assumption that needs an econometric framework 

to deal with it. Therefore, in order to meet this assumption we adopt structural equation 

modelling (SEM) that controls for (observed) individual level (often situational) determinants 

of participation, before looking at the influence of system characteristics on the participation 

decision. Additionally, the empirical framework rather focuses on European societies at 

regional level than at country level, hereby, acknowledging large dispersions in the 

participation rate between regions within one country (Figure 1, Figure 2 and Figure 3). Doing 

so, it is argued that system characteristics can differ between jurisdictions, which is best 

captured in a regional level empirical framework. Moreover, regions cover a more 
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homogeneous population than countries. This facilitates the comparability of participants and 

non-participants on background characteristics. 

 

[Figure1, Figure2 and Figure3 about here ] 

 

We explicitly focus on employed individuals in the empirics. We did so because employed 

individuals comprise most of the adult lifelong learners in the European Union. At the same 

time, employed individuals share a common life situation, while the life course approach 

proved its advantages in explaining participation in LLL (Elder 1998); (Elder and Crosnoe, 

2002). Defining the population of our interest by conditioning on the employment status, rather 

than simply by the age group, takes into account also the trends of de-standardisation of the 

life course (Evans et al 2013), as life course transitions (such as the transition from schooling 

to work) become more variable and less uniform. 

Furthermore, it has been recognised in the literature that guaranteeing access to employment 

does not automatically translate into a reduction of social exclusion since the relationship 

between employment and social inclusion depends on the features of the job provided: its 

remuneration, security and future prospects (Atkinson and Hills 1998). 

Patterns of participation in adult education, which have been identified and confirmed by 

several studies, clearly show that those with low education participate less than people with 

higher educational attainment (eg. OECD, 2003; Roosmaa & Saar, 2012). 

This is the source of variability we are aiming to explore in our analysis, by identifying 

various disadvantaged groups of interest in a similar life situation. Taking all this into account 

we choose to conduct analyses on three particular disadvantaged groups, namely: employed 

low-educated persons, employed low-educated young adults; and employed migrants.  

These  groups are in line with Tuparevska, Santibáñez and Solabarrieta (2018) who consider 

(1) migrants; (2) persons with disabilities; (3) young people; and (4) early school leavers, as 

disadvantaged groups in more than 50 percent of the policy documents.  

 

[Table 1 about here] 

 

In order to compare the results of each of these three disadvantaged groups, we choose to add 

an analysis on the determinants of lifelong learning participation among the whole employed 

population as a reference category. Table 1 summarises our choices. The table does not include 

persons with disabilities, for which our sample offers only limited number of observations , 

and we identified a lack of statistical power (more information on the data provided in Section 

5).  

The same problem arises for the early leavers from education and training when considering 

the definition of Eurostat2, namely: early leavers from education and training are adults aged 

                                                           
2 De Witte et al. (2013) made a similar comment on their analysis of the determinants of school dropout using 
EU LFS data. Furthermore, cross-section data does not allow examining the enrolment decision of early leavers 
from education and training in formal- or non-formal education or training. This hampers an analysis of 
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18-24 who are no longer enrolled in further education or training3. Here we try to grasp this 

sub-group by identifying a similar group of employed, low-educated persons between 20 and 

29 years4.  

2.4 Data 

Our analytical framework explains lifelong learning participation (as follows abbreviated by: 

LLL) in a multi-level context, by identifying individual level as well as supra-individual level 

determinants of LLL participation. The supra-individual level determinants are usually 

considered at the country level, where the observed heterogeneity of LLL participation is 

already substantial (Rubenson and Desjardins 2009). However, among others, Boeren (2016) 

already argued that the supply of LLL is mostly organized at the regional level, rather than at 

the country level, because it depends on the availability of providers, that are not nationally 

organized. Such setting favours more urbanised regions, in contrast to the undersupplied rural 

areas, driving the heterogeneity in LLL participation at the regional level.  

The empirical basis of our report is the EU-LFS. The EU-LFS is the only statistical survey 

measuring LLL participation at regional level and in a European context. The survey covers 

EU-28 countries and Norway, Iceland, and Switzerland. These 31 European countries comprise 

of 219 regions. Moreover, the data collected at regional level count enough observations in 

order to remain representative. In fact, the EU-LFS has the most observations among EU wide 

surveys administrated by Eurostat. For these two reasons, in addition to the arguments already 

made in Section 2.3, we have decided to use the EU-LFS data for the year 2016.  These data 

are then further linked with the variables available in the regional database on lifelong learning 

participation (Cabus et al. 2018). 

2.5 Analytical Sample 

We restrict our sample to employed individuals only, limiting the number of observations to 

1.6 million.  Employed individuals present the dominant share of LLL participants. Moreover, 

their decisions to allocate time to LLL activities become far more predictable, as they all decide 

in a similar nexus of work, family and further learning. Additionally, we focus at the LLL 

participation of younger (low-educated) population and migrants (Section 2.3). Doing so, the 

design of our empirical model becomes more straightforward and the coefficients easier to 

interpret. Table 2 summarizes the total number of observation for each of the groups. 

Geographically, our analytical sample used in further analysis covers 27 EU member states 

and Norway. As such, we do not include three countries. First, Ireland was excluded because 

of missing data on “subjective assessment financial costs being the main obstacle to 

participation in LLL”; collected by the authors from the Adult Education Survey (AES) 2016. 

                                                           
barriers to participation in lifelong learning (e.g. second chance education), because participation in education 
or training is, by definition, not observed among early leavers from education or training. 
3 https://ec.europa.eu/eurostat/statistics-
explained/index.php/Glossary:Early_leaver_from_education_and_training  
4 Shifting our focus on older individuals (dropping observations younger than 20) allows us to assume that 
lower-secondary education (ISCED 0-2) should be already finalized. This allows for separating initial education 
from LLL activities. Widening the age interval from 20 to 29 years old assures a sufficient sample size. 
Nevertheless, formal LLL participation of this sub-group is still biased upwards by continuing participations in 
learning activities not-distinguishable from initial education (see Table 2).    

https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Early_leaver_from_education_and_training
https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Early_leaver_from_education_and_training
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Assessing the importance of this explanatory variable for our empirical estimations, we decided 

to leave Ireland from our sample. Additionally, Switzerland and Iceland are excluded from the 

sample. The data on important macro/regional level system characteristics, like regional GDP 

per capita, expenditures on active labour market policies, and the subjective assessment of 

financial costs being the main obstacle to LLL participation were missing for these two 

countries. 

Excluding Ireland, Switzerland, and Iceland from the EU LFS sample, the total number of 

observations dropped to 1.6 million (Table A, appendix, provides an overview of the number 

of observations by country).  

 

[Table 2 about here] 

 

As pointed out by an extensive list of empirical studies (e.g. Rubenson and Desjardins, 2009; 

Saar et al. 2014), lifelong learning participation rates vary substantially across European 

countries. We observe that the variation between countries can mostly be explained by 

participation in non-formal learning activities. 

2.6 Variables used in the model 

2.6.1 Dependent variables 

The dependent variable for further analysis is the lifelong learning participation rate. The 

definition of LLL participation differs between available data sources surveying European 

households (EU-LFS and AES) (CEDEFOP 2015, p. 31). While the AES focuses on LLL 

participation during the period of 12 months prior the collection of the survey, EU-LFS asks 

about LLL participation within the last four weeks prior the surveying period. The surveying 

period of EU-LFS observations shifts randomly during the whole calendar year (to avoid biases 

caused by seasonality), with a quarterly data collection and sample components remaining in 

the sample for up to 4 quarters. 

EU-LFS further allows a more precise distinction between learning activities by 

distinguishing between: (i) formal and non-formal learning; and (ii) work-related and not work-

related learning (see also the Annex at the end of this document). Nevertheless, the information 

necessary to identify work-related LLL was not collected in all 31 European countries.  

Therefore, we only distinguish between formal learning and non-formal learning activities.  

Our dependent variables are collected at the level of individuals and have the form of a 

dummy variable, allowing values to be either: 

 

 0 – in the case the surveyed individual did not participate in the particular type of LLL 

activity, during the 4 weeks reference period;  

or  

 1 – in the case the surveyed individual did participate in the particular type of LLL 

activity, during the 4 weeks reference period.  
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In reality, some adults participate in both identified types of LLL, formal as well as non-

formal, during the 4 weeks reference period. Such cases present only 0.43% of the whole 

sample, approximately 19.4% of those participating in formal LLL, and 4.4% of those 

participating in non-formal LLL. The construction of our dependent variables assesses adults 

separately for formal and non-formal LLL. 

 

[Table 3 about here] 

 

In absolute terms, the dataset includes over 1.6 million observations of employed adults aged 

25-64. Approximately 28.6 thousand adults participated in formal education, and more than 

151 thousand adults in non-formal learning activities. Additionally, 6,900 individuals combine 

formal education with non-formal learning activities. 

2.6.2 Explanatory variables 

While the AES questionnaire inquires about the wider context of LLL participation, the 

questionnaire of EU-LFS is rather limited to the basic demographic characteristics of 

individuals and households together with information on the current job. Although the existing 

literature on LLL participation often considers barriers to LLL participation (Section 2), our 

data limit us to construct variables purely based on available characteristics. However, based 

on the previous literature, we are able to construct proxies for barriers to LLL participation, for 

example, situational barriers can be captured by the characteristics of the household, like 

having small children. We also consider individual characteristics (e.g. migrant status, female 

vs. male) and characteristics of the job. Dispositional barriers cannot be approximated by using 

EU LFS, while institutional barriers are easily collected from the official statistics such as 

Eurostat or World Bank, some institutional barriers were constructed by using EU LFS. For 

example, the flexibility of the labour market can be captured by considering the share of 

persons in temporary contracts at regional level and the dismissal rate at regional level is a 

good proxy of the level of employment protection. 

As explained in Section 2, we are mainly interested in the role of system characteristics (i.e. 

supra-individual level determinants) in lifelong learning participation. Therefore, the proxies 

for barriers that may exist at individual level are mainly used as control variables in a multi-

layered empirical framework. As such, we construct our model based on the theoretical 

framework described in Section 2. A basic overview of the model is displayed in Scheme A 

(appendix). 

 

As follows, we first focus at the construction of individual level characteristics of households, 

individuals and their jobs. Then, we move to the main focus of this paper, namely: the system 

level characteristics in Section 3.4. These are variables capturing the relevant aspects of the 

learning settings, the environment, in which individuals can (or cannot) participate in LLL. 
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a. Household characteristics 

For the household related barriers, we construct two indexes grasping the mechanisms behind 

deciding on the final number of working hours: (1) the Care index; and (2) the Share of non-

earners in the household. 

 

Care index The Care index quantifies the need for allocating time to carrying activities 

within the household. In computing this index we take into account the number of children and 

elderly in the household of the responding (employed) person (See Table 4). The value of the 

Care index is a weighted sum of the number of household members sharing the household of 

the employed person whose LLL participation is inspected. When summing the number of 

household members in the index, individuals are ascribed a different weight based on their age. 

 

[Table 4 about here] 

 

Weights of household members are ascribed arbitrarily, assuming a different intensity of 

carrying activities based on the age of the household member. The Care index enters the model 

separately for males and females. First we explore its association with the number of actual 

working hours during the reference period. Here we expect, a negative association between the 

Care index and working hours, as well as LLL participation, more pronounces in the case of 

females. 

 

H1: Caring duties are negatively associated with LLL participation. 

H1a: This association is more pronounced in the case of females. 

 

Share of non-earners in the household The second index constructed out of the 

information observable for the household is the proportion of non-earners among the household 

members. The values of the variable range from 0 to 1 and they also enter the model separately 

for males and females. Similarly, we first explore its association with the working hours and in 

the second step with the LLL participation. We assume, that especially for males, the 

association with working hours is going to be positive, as more non-earners in the household 

would put more pressure on male members of the household to work more working hours. 

Besides increasing working hours, individuals might also consider increasing their skill level 

through LLL as an alternative way of increasing their income.  

 

H2: The share of non-earners is positively associated with LLL participation. 

 

Working hours Here, the sum of actual working hours from all declared jobs is used. 

The time period for which the actual working hours are inquired is the same as the reference 

period for which LLL participation is indicated.  

We assume a negative trade-off between work and formal LLL, because time is a limited 

resource and in the case of formal learning it is not allocable simultaneously to work and LLL. 
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This is different for the non-formal LLL, while a dominant share of it is being delivered at the 

workplace. More working hours may, thus, lead to a higher participation in non-formal LLL. 

 

H3: Working longer hours translates into a lower LLL participation.  

H3a: Workplace delivered LLL might be positively associated with longer working hours. 

 

b. Job characteristics 

Out of the information on occupation in the current job, we construct four variables: (1) the 

over-education index; (2) mean probability of computerization; (3) high-skill occupation 

(dummy); and (4) Supervision (dummy).  

Over-education index To construct the over-education index, we first create an 

individual specific variable for years of schooling. This is an estimate based on the year of 

graduation of individual 𝑖 with regard to the highest level of education attained by this 

individual, and relative to his/her year of birth: 

 

𝑌𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖 =  ( 𝐻𝐴𝑇𝑌𝐸𝐴𝑅 – (𝑌𝐸𝐴𝑅 − 𝐴𝐺𝐸)) −  𝐸𝑁𝑇𝑅𝐴𝑁𝐶𝐸𝑃𝑅𝐼𝑀𝐴𝑅𝑌  . 

HATYEAR denotes the year when the highest level of education was successfully completed; 

YEAR the year of the data collection (in our case 2016); AGE the age of the individual 

respondent; and ENTRANCE_PRIMARY the official entrance age in compulsory education 

(country specific). The subscript i denotes the individual. 

In a next step we construct the variable median years of schooling. This variable indicates 

how long it usually takes for an individual 𝑖 living in country 𝑐 and enrolled in a particular 

educational track 𝑙 to graduate from that educational level. We express the duration in the 

median years of schooling as to account for extreme values. 

 

𝑀𝑒𝑑𝑖𝑎𝑛 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑙,𝑐  =   [𝑌𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖
̃ ]

𝑖,𝑙,𝑐
  . 

Using a similar approach, we also construct the median years of schooling for an individual 

in occupation 𝑜 and accounting for differences across countries: 

 

𝑀𝑒𝑑𝑖𝑎𝑛 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑜,𝑐 = [𝑌𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑖
̃ ]

𝑖,𝑜,𝑐
  . 

Subscript o denotes each code from the International Standard Classification of Occupations 

(i.e. EU LFS edition 2017 provides us with ISCO 3-digit).  

Finally, the over-education index is the difference between individuals´ median years of 

schooling, which has been determined by the highest level of education attained, and the 

occupational median years of schooling observed for all individuals within the occupational 

group defined at the level of ISCO 3-digit. We then may write: 

 

𝑂𝑣𝑒𝑟 − 𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑖,𝑙,𝑐 = 𝑀𝑒𝑑𝑖𝑎𝑛 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑙,𝑐 − 𝑀𝑒𝑑𝑖𝑎𝑛 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔𝑜,𝑐 

The over-education index is included in the model separately for individuals working in a 

low-skilled and high-skilled occupation. This should allow us to explore a different dynamics 



23 
 

in the association between over-education and LLL participation conditional on the complexity 

of the current job.  

Two possible directions of the association between over-education and LLL participation can 

be assumed. Either those who are overeducated in their current job, are overeducated because 

they have a higher propensity (motivation) to acquire more education for which they are more 

likely to participate in LLL; or in the contrary, underutilizing the already acquired education in 

the current job leads to a decline in the propensity (motivation) to seek further education and 

thus participating in LLL. 

 

H4: There is a statistically significant association between over-education and LLL 

participation. 

 

Mean risk of computerization The variable of mean probability of computerization is 

created using the probabilities of computerization estimated in Frey and Osborne (2016). They 

use the US occupational database of job descriptions - O*NET. Occupation specific probability 

of computerization is quantified based on an assessment of the tasks and job descriptions from 

O*NET in the context of the expected advances in machine learning and robotics. Authors 

report the probability of computerization for the occupations coded in the SOC classification 

of occupations. The SOC classification can be translated into the International Standard 

Classification of Occupations (ISCO) used in the EU-LFS. When shifting to a different level 

of detail we use the mean probability of computerization estimated for all the occupations 

within the concerned occupational group assuming equal weight for each of the sub-

occupations. Arntz and co-authors (2016), use data from PIAAC  to propose a different 

approach of quantifying the risk of computerization, considering also the within-occupational 

heterogeneity of tasks. Nevertheless, this is strongly dependent on the availability of PIAAC 

data, therefore we prefer the methodology proposed by Frey and Osborne. An assumption we 

are adopting, on top of the assumptions of Frey and Osborne, is that the occupation specific 

probability of computerization does not differ between the US and the countries of the EU.  

Desjardins (2017) argues that the so called low-skill low-trust societies have more routinized 

jobs. In these societies less participation in lifelong learning is observed, because routinized 

jobs do not require learning activities of employed individuals. Especially low-educated are 

engaged in routinized jobs. So less participation in these societies among the low-educated. 

 

High-skilled occupation The high skilled occupation is defined by the occupational group 

of ISCO 1 to ISCO 4. The occupational classification ISCO is coded hierarchically in terms of 

the complexity of the tasks performed in the occupation. Occupations coded in the group ISCO 

1 are the most complex, require the highest level of skills and education; occupational group 

of ISCO 9 shelters the least complex occupations. Although the risk of computerization shows 

a small negative correlation with the occupational complexity, risk of computerization appears 

also in the most complex occupations.  

We assume that for individuals in occupations with higher complexity of tasks the need for 

further learning is higher.  
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Supervision Finally, we use a dummy for whether the job of the responding person involves 

supervising duties. Here we assume, that supervising duties are linked with more responsibility, 

but also a need for additional job-related training. On the other hand, supervising is connected 

with a more demanding job and, therefore, leaves less time to work-unrelated LLL activities. 

 

H5: LLL participation is lower in the case of individuals employed in more routinized 

jobs, with a higher risk of computerisation.  

 

c. Individual characteristics 

In addition to the barriers to LLL identified at the individual level and the system determinants 

identified at the regional or country level, we construct variables measuring the characteristics 

of individuals. These characteristics are considered important control variables  for inclusion 

in the multi-layered empirical framework. Here we include the “usual suspects” available in 

the EU-LFS questionnaire, namely: Gender; Age; Level of education; Level of urbanization; 

Economic sector of employer; and Looking for a job. 

Occupation related information is explored in the case of the job related barriers and was 

therefore not included in the list of control variables. 

2.6.3 System characteristics  

In selecting the relevant system level determinants of lifelong learning participation, we 

depart from the model outlined in Groenez et al. (2007). Because of the high collinearity 

between some of the system level determinants we are first accounting for associations between 

them in order to obtain unbiased coefficients for each of their direct associations with the 

dependent variable.  

a. Subjective assessment of costs being the main obstacle in LLL participation 

In between the individual and system level of variables lies the assessment of costs being the 

main obstacle in LLL participation. This variable is constructed based on the data from the 

AES, collected for 2016. Its values present the share of the interviewed persons identifying 

costs to be the main obstacle in LLL participation. This indicator is adopted from Eurostat. 

[Data code: trng_aes_179]   

Based on the AES, costs rank third in the list of main obstacles, right after time constraints 

and family responsibilities. Here we are using it as an indication of the supply of LLL at the 

country level. Assuming that, where individuals more often assess the costs of LLL being the 

main obstacle, the supply of it is scarce. 

 

H6: Where the perceived costs of LLL participation present an obstacle, LLL 

participation is lower. 

 

b. Demography 

Here we decided to use only one variable, the regional mean age of the population counted 

using the EU-LFS microdata for 2016. It reflects the extent to which a society suffers from 
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ageing. As the returns LLL decrease with higher age, older societies may invest less in LLL 

than the younger ones (Groenez et al., 2007). This may be especially true for formal LLL as 

this is more often accredited and thus to a higher extent recognized at the labour market.  

The originally included variable of the mean number of household members under 25 was 

later excluded from the model, because was not showing any significant association.  

 

H7: Regions and countries with an older population are less incentivized to support LLL 

participation, what is observable on a lower probability of individual-level LLL 

participation.   

 

c. Initial education  

The shape of the system of initial education to a substantial extent determines the LLL 

participation. We grasp the main shape of the system by four variables: a) the years of 

compulsory schooling; b) age of entrance into lower secondary education; c) the share of 

students at the upper secondary level in vocational programmes; d) public expenditures on 

education in EURO per an inhabitant.  

The years of compulsory schooling are based on the UNESCO UIS.Stat database  . It varies 

at the country level and grasps the international differences in the amount of initial schooling 

provided by the state. We have considered to include also the average years of schooling 

averaged at the regional level, but the years of compulsory schooling showed to be explanatory 

stronger. All the system level variables in the area of initial education are, thus, collected at the 

level of countries; and refer rather to the design of the educational policies, than to the outcomes 

of these policies.  

A positive association between initial schooling and LLL participation is observable at the 

individual level. A wide list of studies documents that an analogous association can be observed 

also at the country level (OECD 2003; Brunello, 2001; Jung & Cervero, 2002; Bassanini et al. 

2005; Wöβmann & Schütz, 2006).  

The age of entrance into lower secondary education determines the age at which pupils are 

being selected into specialised educational programmes – educational tracks . When this age is 

higher, the ratio of skills received by pupils within initial schooling is more in favour of general 

than specialized skills. When exploring available literature, Groenez et al. (2007) find support 

for both of the directions of the association between the level of specialization in initial 

schooling and LLL participation, namely: less specialized and more general systems of initial 

education precondition higher LLL participation because of the lack of specialized skills 

received during initial education (Antikainen, 2006; Brunello, 2006); and more specialised and 

less general systems of initial education precondition higher LLL participation because of 

specialised skills getting obsolete faster than general skills (Bassanini et al., 2005 ). 

 

H8: LLL participation is higher where initial education provides more general skills. 
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d. Labour market 

Among the system determinants in the area of labour market, we use the regional employment 

rate of the main age group (25-64), based on the EU-LFS; regional share of employed persons 

aged 25-64 who have a temporary contract type, based on the EU-LFS; regional share of 

persons who were dismissed or were made redundant in their last job or business, based on the 

EU-LFS; country level active labour market policy expenditures on training (LMP type 2) as a 

share of GDP, based on the Labour Market Policy Database administrated by Eurostat. 

The employment rate is strongly positively correlated with regional GDP, for what we have 

accounted in the model by implementing an association path between employment rate and 

regional GDP. The regional employment rate is also endogenous in the model, allowing its 

association with other labour market system determinants (share of dismissals, share of 

temporary contracts, ALMP expenditures on training) , public expenditures on education and 

the number of years in compulsory education. .  

Based on Groenez and co-authors (2007) we assume that LLL participation might be higher 

in regions with higher employment rate mainly because the workplace generates an additional 

supply of training (which is true mostly for what we consider here as the non-formal training) 

(McGivney, 2001); adults are more confident that learning will be utilised in a better job 

(McGivney, 2001); companies invest more in human capital, when confronted with shortages 

of skilled labour (Gorard & Rees, 2002). 

Although we control for individual level working hours, the regional share of temporary 

contracts is included to proxy for the employment legislation. Lassnigg (2005) and McGivney 

(2001) hint that employers are less willing to invest in LLL of employees working under part-

time or temporary contracts, what might imply a lower regional supply of LLL.      

The share of dismissals is used as a proxy for the employment protection (flexibility). We 

assume, that both sides - employers and employees - are more willing to invest in LLL if 

employment protection is higher. More flexible labour markets allow flexible hiring and 

dismissal to compensate for potential skills shortages or obsolescence.  

Active labour market policy expenditures on training presents an alternative support to the 

supply of LLL as the programmes financed from these resources might target unemployed as 

well as employed. 

 

H9: LLL participation is higher in regions with better performing labour markets. 

H9a: LLL participation is higher where employment protection is stronger. 

 

e. Economy 

Exploring their empirical associations, we have limited the number of economy related 

system determinants of LLL to only two, namely: the Gross domestic product (GDP) at current 

market prices by NUTS 2 regions in euro per inhabitant, based on the Statistics of National 

Accounts published by Eurostat; and patent applications to the European patent office (EPO), 

published by Eurostat. 

The GDP indicator is always a “central” indicator when considering various aspects of the 

economy, such as the openness, labour productivity etc. An aspect of special importance, in 
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the context of LLL participation, is the innovation intensity of the production. Here we capture 

this aspect using the indicator of the number of patent applications to the European patent 

office.  

Groenez and co-authors (2007) estimate multiple specifications of explanatory models on 

LLL participation and inequality in LLL participation. They identify the level of innovation as 

one of the key system determinants appearing as significant in all of their model specifications. 

Its possible association with LLL participation is assumed. 

 

H10: LLL participation is higher in more innovative economies.   

 

[Table 5 about here] 

An overview of the descriptive statistics of the explanatory variables is provided in Table 5. 

Scheme A, in the Appendix, provides an overview of the model with explanatory variables and 

association expected by the model.  

3 Empirical strategy 

Based on our reading of available literature, we designed a rather complex model, by 

combining explanatory variables measured at multiple levels: individuals, region and countries. 

Dramatic international differences in the level of the dependent variables, participation in 

formal learning and non-formal learning, give us a good reason to expect a hierarchical 

structure of the data. For this reason, we first explore the variance of LLL participation with a 

simple multilevel logit model allowing only for a random intercept at the level of country and 

region. In this way, we are able to explore the share of variance observable within and between 

our classes (countries/regions). The share of interclass variability on the total observed 

variability of LLL participation can be measured by the Interclass correlation index (ICC). ICC 

values above 5% are in favour of a multilevel estimation model. Table 6 presents the estimated 

ICC values, which are all above 5%. Higher ICC values observed for classes at the regional 

level, however, suggest that allowing for a random constant to vary at the regional level should 

improve the explanatory power of our model.  

 

[Table 6 about here] 

 

Because especially the variables referring to the main system determinants of LLL 

participation are strongly inter-correlated, we have decided to design our model as a 

generalized structural equation model (GSEM), allowing not only association paths between 

the dependent variable and independent variables, but also between the explanatory variables  

(Stata 2015a).  

These two aspects of our data, namely, a hierarchical structure of the data and significant 

correlations between explanatory variables, motivate our decision to apply a GSEM. This  

technique allows us to combine a multilevel modelling approach, together with implementing 

association paths between explanatory variables.  
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[Table 7 about here] 

 

The structure of the model, with particular association paths, reflects the structure introduced 

in Scheme 1. Our dependent variable is a dummy (0,1) variable of participation in LLL, with 

the logit link function.   

All independent variables are expected to be associated with the dependent variable. 

Furthermore, associations between independent variables are allowed. We apply an 

endogenous function to working hours, public expenditures on education, employment rate, 

regional GDP and the number of patent applications, which allows associations with other 

explanatory variables. Table 7 presents the list of the strongest correlations between 

explanatory variables used in the model. 

Considering the character of our model we use the quasi maximum likelihood (QML) 

estimation method. This method is not as demanding in terms of assumptions in comparison to 

the widely used maximum likelihood method. It relaxes the conditional normality assumption 

and is able to deal with non-normality by adjusting standard errors (Stata 2015a, p. 45). It also 

allows us to use a random constant at the level of NUTS 2  regions as well as identify important 

associations between explanatory variables. 

Selected estimation procedure has, by definition, a built in model evaluation method, when 

miss-identified models do not converge (Brown 2006, p. 202). The applied technique is an 

equation-wise deleter of missing values and treats covariance between observed exogenous 

variables as given (Stata 2015b, p. 668). 

 

[Table 8 about here ] 

 

Considering the sample size, in the case of the group of employed, we might apply stricter 

rules in evaluating the tests of statistical significance related to particular coefficients. In a 

sample of that size only coefficients significant at the 0.001 level of statistical significance 

should be considered. Therefore, in the case of the main age group of employed, it is reasonable 

to apply stricter rules  for interpreting the statistical significance of estimated coefficients .  

Our model can be formalised as a system of equations: 

 

logit(𝑃(𝐿𝐿𝐿 = 1|𝑥)) = 𝛼0 + 𝜇0𝑗 + 𝛽𝑛𝑋𝑛𝑖𝑗 + 𝛽𝑟𝑆𝑟𝑗 + 휀𝑖𝑗  (1) 

𝐻𝑂𝑈𝑅𝑆 = 𝛾0 + 𝛾𝑟𝑋𝑟𝑖𝑗 + 𝜖𝑖𝑗      (2a) 

𝐸𝐷𝑈_𝐸𝑋𝑃 = 𝛿0 + 𝛿𝑦𝑆𝑦𝑗 + 𝜛𝑗     (2b) 

𝐸𝑀𝑃𝐿 = 𝜃0 + 𝜃𝑧𝑆𝑧𝑗 + 𝜎𝑗      (2c) 

log (𝐺𝐷𝑃) = 𝜆0 + 𝜆𝑤𝑆𝑤𝑗 + 𝜔𝑗     (2d) 

log (𝐼𝑁𝑂𝑉) = 𝜂0 + 𝜂𝑢𝑆𝑢𝑗 + 𝜄𝑗      (2e) 
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The central equation (1) predicts the probability of LLL participation (LLL) conditional on 

observable characteristics (X), using a logit function. This equation allows region specific 

constants (𝛼0) through the constant specific error (𝜇0𝑗), which varies between regions (j). 𝑋𝑛𝑖𝑗 

is the vector of n explanatory variables varying at the level of regions (j) as well as at the level 

of individuals (i). These explanatory variables are linked to n coefficients of interest (𝛽𝑛). 

These are the coefficients reported in the next (results) section.  

Simultaneously with the main equation, five sub-equations (2a-2e) are estimated, with the 

endogenous explanatory variables from the first equation being the dependent variables. These 

have the form of a classical regression equation, with simple constants (𝛾0, 𝛿0, 𝜃0, 𝜆0, 𝜂0), errors 

(𝜖𝑖𝑗, 𝜛𝑗 , 𝜎𝑗 , 𝜔𝑗, 𝜄𝑗).  Each of the sub-equations has a specific list of explanatory variables 

(𝑋𝑟 , 𝑆𝑦, 𝑆𝑧 , 𝑆𝑤, 𝑆𝑢) with related coefficients (𝛾𝑟 , 𝛿𝑦, 𝜃𝑧 , 𝜆𝑤, 𝜂𝑢), which are being reported only 

in the Appendix (Table B). Scheme A offers a simplified overview of the structure of the model. 

4  Estimation results 

We report results for eight models in total. These eight models distinguish between the two 

types of LLL and also between the four groups of interest (all employed; low-educated adults; 

low-educated young adults; and migrants). Interpretations are based mainly on the statistical 

significance and direction of the measured associations. Here we focus purely on the 

associations between independent (explanatory) variables and the dependent variables 

(participation in formal and non-formal education), although the model includes several sub-

equations grasping association between independent variables. Results are reported in blocks 

based on the level of measurement. First, we discuss the household and job characteristics, 

together with individual level control variables , whereas these estimates are also interesting as 

such. Then, we focus on estimates for the main variables of interests, the system characteristics. 

The descriptions of our results are organised around the hypotheses listed in the sections 2.5.2 

and 2.5.3. 

4.1 Individual level characteristics 

Variables constructed from the characteristics of households and their members are designed 

to proxy for household related (situational) barriers. The ambition is to grasp the nexus of the 

allocation of time between the household (family) and labour earnings (work), which is faced 

by all employed. Employed individuals, when deciding about LLL participation have to find 

additional time out of their limited time budget. To capture this moment, our model includes 

indexes of the family related time demand (Care index) and a proxy for the demand for income 

(Share of non-earners in the household). Both are included in the model separately for males 

and females. All four variables are first used to predict the amount of working hours, as well 

as we estimate their direct association with LLL participation. Table 9 presents the results. 

 

[Table 9 about here] 

 

H1: Caring duties are negatively associated with LLL participation. 

First, we have considered the results on the care index. The care index is a proxy for the 

“care” related barrier, and is of the same direction in the case of males and females. If, a woman 
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is living in a household with individuals in age usually demanding some care (kids or seniors), 

her chances to participate in LLL are statistically significantly lower. This is true for both 

identified types of LLL, formal as well as non-formal, and observed for all four groups. The 

only5 exemption is non-formal LLL of low-educated young adults, where the coefficient is not 

statistically significant.  

 

H1a: This association is more pronounced in the case of females. 

When looking at males, the need of care within the household limits their participation only 

in formal LLL. There is only marginally significant evidence for such an association in the case 

of non-formal LLL among low-educated employed males.  

 

H2: The share of non-earners is positively associated with LLL participation. 

Next, we have considered the share of non-earners in the household. We assume that a higher 

share of non-earners in the household is positively associated with a higher need of income of 

the employed individual whose LLL participation is being considered. Higher need of income 

can be reflected either in an immediate increase in the number of working hours (for which we 

account for), or even in upgrading the qualification level in order to attempt for an increase in 

income. We partially observe a positive association between the share of non-earners in the 

household and participation in formal LLL (in the case of female when looking at all employed 

and migrants), thus individuals when under a higher income pressure seem to be choosing 

formal LLL as a potential channel of wage increase. Unfortunately, this is not observable for 

the low-skilled and young low skilled, where the potential benefit could be the highest. This 

finding is interesting from the perspective of designing a more inclusive LLL policy. This 

pattern is only observable for females; the evidence for males is only marginally significant.   

We also observe a negative association between non-earners in the household and non-formal 

LLL. Non-formal LLL is to a big extent driven by workplace provided LLL. It seems that in 

the case of non-formal LLL, increased income pressure results in more working hours as well 

as more work during the working hours at the expanse of workplace provided LLL. 

 

H3: Working longer hours translates into a lower LLL participation.  

H3a: Workplace delivered LLL might be positively associated with longer working hours. 

The number of actual working hours is, according to the expectations, negatively associated 

with participation in formal LLL and positively associated with the participation in non-formal 

LLL. These associations are one of the strongest in the model and clearly observable across all 

the groups of interest (with the only exemption of participation of young and low-educated in 

non-formal LLL). There is clear evidence about a negative trade-off between the working time 

and formal learning and positive association of non-formal learning and working time. Both of 

our hypotheses were, thus, confirmed. Available evidence suggests that, for employed, LLL 

dominantly takes place outside of working hours, while in contrast, non-formal LLL usually 

happens during working hours.    

 

                                                           
5 The association is marginally significant (at the 10 percent significance level) for employed low-educated 
females participating in formal LLL.  
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H4: There is a statistically significant association between over-education and LLL 

participation. 

With regard to job related barriers, we explore the information on the occupation of employed 

individuals. First we construct the over-education index, which is the difference of individuals´ 

years of schooling from the median years of schooling within his occupational group. We 

follow this variable separately for those working in a high-skill or low-skill occupation. Thanks 

to this disaggregation we intended to be able to observe potential heterogeneity in the direction 

of the association. Yielded evidence suggest rather towards a homogeneity in the association 

of over-education and LLL participation when disaggregated by occupation.   

For low-educated and young low-educated, being overeducated at their current position leads 

to a lower participation in formal LLL and to a higher participation in non-formal LLL. For the 

group of employed in the main age group and employed migrants over-education is associated 

with a higher participation in non-formal LLL. Those who are low-educated in an occupation 

where they do not fully utilize their education, formal LLL does not seem to present a channel 

for improving this situation.  

 

H5: LLL participation is lower in the case of individuals employed in more routinized jobs, 

with a higher risk of computerisation. 

The risk of computerization is negatively associated with both types of LLL participation. 

Individuals working in occupations under a higher risk of computerization participate less 

either in formal LLL, as well as in the (dominantly workplace driven) non-formal LLL. It is a 

pattern observable in the case of the main age group of employed, formal LLL of low-educated 

and non-formal LLL of employed migrants.  

Working in a high skilled occupation (ISCO 1-4) is linked with a higher participation in both, 

formal as well as non-formal LLL. Occupational complexity, thus according to the 

expectations, matters for the demand for LLL. This association is observable across all the 

groups of interest. 

Having supervising duties in the current job is associated with a lower participation in formal 

LLL and a higher participation in (dominantly workplace driven) non-formal LLL.  

 

4.2  Individual level control variables 

Individual level control variables might be linked with what the literature considers to be an 

individual or situational barrier. Here, we include them without interpreting them in the light 

of such linkages, but simply include them as usual control variables measured at the level of 

individuals. Out of the individual level control variables, we observe a confirmation of the 

usual patterns widely described also in many previous empirical studies. The results are 

presented in Table 10. 

 

[Table 10 about here] 

 

Females are more likely to participate in non-formal LLL, which presents the bigger part of 

the total LLL participation. Two negative, but statistically not significant coefficients are 
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observed for formal LLL, suggesting that in the case of formal LLL the association with gender 

is not as clear.  

Older employees are less likely to participate in both formal and non-formal LLL.   

Higher level of education drives towards further LLL in the case of formal as well as non-

formal LLL. The linear, positive and statistically significant association between initial 

education and LLL participation holds across the types of LLL as well as groups of interest.  

Individuals looking for a new job are more likely to participate in LLL. The exemption here 

are the young and low-educated adults participating in formal LLL, which is in this segment 

fogged by observations with unfinished initial education.  

Working in the sector of public services and living in a city is linked with a higher 

participation in LLL.  

4.3  System characteristics 

In this sub-section we shift to variables varying at the level of region and country. These 

variables are to a higher extent correlated with each other, and, therefore, we need to account 

for the associations between them. Some system determinant variables were therefore kept in 

the final version of the model even if their association with LLL participation was not 

statistically significant, but they showed a significant association with other system 

determinant variables. Scheme A (appendix) is useful for interpretation of what’s in the model. 

Table 11 summarizes the results. 

 

[Table 11 about here] 

 

H6: Where the perceived costs of LLL participation present an obstacle, LLL participation is 

lower. 

Subjective assessment of costs being the main obstacle in LLL participation shows a positive 

association with non-formal LLL. This becomes more understandable when we again 

underline, that non-formal LLL is dominantly driven by workplace provided training. A 

positive, statistically significant, coefficient for subjective costs then indicates that individuals 

are more likely to participate in lifelong learning when employers pay for the costs associated 

with it. Further, as originally expected, a negative association is observed in the case of formal 

LLL and only for low-educated and young and low-educated adults. This suggests that in 

countries, where LLL perceived costs of LLL participation present an obstacle, the low-

educated are the most vulnerable to the high costs associated with LLL.  

 

H7: Regions and countries with an older population are less incentivized to support LLL 

participation, what is observable on a lower probability of individual-level LLL participation. 

Evidence on the association between the mean age of the regional population and LLL 

participation is inconclusive. This is contradictory to the expectation, based on the economic 

theory that the returns to learning declines with age and countries/regions characterised by 

higher rates of older population should thus invest less in LLL. Our analysis does not provide 

clear support for this assumption, because when controlling for individual age as well as other 

characteristics of the countries/regions, no clear association remains significant. Nevertheless, 

two hints in line with the existence of such an association are observable. A marginally 
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significant, negative coefficient estimated for formal LLL participation of the main age group 

of employed and a positive coefficient observable for non-formal LLL participation of young 

and low skilled employed. The earlier suggest that “older” regions do not provide as much 

formal LLL, the later that in “older” regions young get more workplace driven non-formal LLL 

(from more experienced colleagues).     

 

H8: LLL participation is higher where initial education provides more general skills. 

Out of the variables capturing the system of initial education in the region, government 

expenditures on education show a positive association especially with non-formal LLL 

participation. For formal LLL, the evidence is rather ambiguous. More clear is perhaps the 

positive association between the entrance age into lower secondary education and formal LLL 

participation. This pattern is observed for all groups of interest, except employed immigrants. 

The entrance age into secondary education is usually the moment at which specialisation 

occurs6. Therefore, our findings are in favour of providing more general skills and education 

as a potential precondition for supporting formal LLL. 

The years of compulsory schooling are, in general, negatively associated with participation 

in non-formal LLL of all four groups of interest. In the case of non-formal LLL, longer initial 

education thus implies less LLL participation. This is not the case of formal LLL participation, 

higher number of years in compulsory schooling seems to increase formal LLL participation 

of low-educated and young low-educated adults. Increasing the number of years in compulsory 

schooling might keep the low-educated included in adult education.  An opposite association 

is observable for formal LLL participation of migrants and the main age group of employed, 

but in the case of the latter group the statistical significance might be driven by the sample size.  

The share of students in vocational programmes at the upper secondary level is not 

significantly associated with LLL participation at all. The only exemption is the formal LLL 

participation of employed migrants. Groenez et al (2007) expect that providing more vocational 

(specific) skills in initial education leads to a lower need for LLL participation in later stages 

of career; this was not confirmed by our results.  

 

H9: LLL participation is higher in regions with better performing labour markets. 

H9a: LLL participation is higher where employment protection is stronger. 

For the regional employment rate we expected a positive association with LLL, but this was 

only significant for low-educated adults in the case of formal LLL, and for non-formal LLL 

participation of young and low-educated employed migrants.  

The evidence for the share of dismissals and temporary contracts is ambivalent, with no clear 

message. Similarly, also in the case of active labour market policy expenditures on training, 

there is no clear association observable with the LLL participation of employed adults.  

 

H10: LLL participation is higher in more innovative economies.   

On the contrary, the indicators of economic development, regional gross domestic product 

(GDP) per capita, as well as the number of patent applications are clearly, positively associated 

                                                           
6 The moment when specialisation occurs in educational tracks differs between countries. In some countries it 
is the entry to lower secondary, in other countries to upper secondary programmes.  
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with LLL participation. A statistically significant and positive association is observed for most 

of the combinations of type of LLL and group of interest. This is in line with the expectations, 

as Groenez and co-authors (2007) claim that the innovativeness of the economy should be a 

strong determinant of LLL participation.7 

5 Conclusions 

Building on previous frameworks in the field of adult education and economics, we have 

developed an innovative supra-individual comparative framework that covers the multiple 

layer of the complex problem in order to reveal those barriers (hindrances or bounds) that 

distinguish participants from nonparticipants to lifelong learning in distinct societies in 27 

European Union countries and Norway. In doing so, we have specifically focused on 

disadvantaged groups and we have applied this framework to employed low-educated persons, 

employed low-educated young adults; and employed migrants. We have identified different 

barriers for these disadvantaged groups and have compared them to barriers for the overall 

employed population. Furthermore, we have constructed new indicators which, to this moment, 

where not fully covered in the analysis of barriers to participation in lifelong learning, such as 

the indicator for over-education and for caring for family members. We have empirically 

operationalized the new framework by using Generalized Structural Equation Modelling 

(GSEM) techniques that allows us to control, as best as possible, for individual level 

confounding factors and interdependency of system characteristics. 

Controlling for confounding variables and interdependency, we have identified several 

system characteristics that play a key role in lifelong learning participation. More specifically, 

we have found: 

 a positive effect of  the entrance age into lower secondary education in a given country 

on the participation in formal education. This pattern is observed for all disadvantaged 

groups. The entrance age into secondary education is usually the moment at which 

specialisation occurs. From this finding it is argued that general skills retrieved in initial 

education are potentially important for engagement with formal education at adult age.  

 a positive effect of the compulsory education age in a given country on the participation 

in formal education of low-educated and young low-educated adults, while it has a 

negative effect on the participation rates among migrants.  

 the share of students in vocational programmes does not seem to significantly matter for 

lifelong learning participation.  

 with regard to other (than education) system characteristics, the (perceived) costs of 

lifelong learning are important determinants of (non-)participation. Here, the results 

indicate that where the costs of lifelong learning are perceived as an obstacle in 

participation employees tend to participate more in non-formal lifelong learning. This 

suggests that the employer pays for a substantial share of the (workplace provided) non-

formal education or training. 

 we observe a negative association between the perceived costs of lifelong learning in a 

given country and the probability of participation for low-educated employees and for 

                                                           
7 Results are robust to changes in the definition of the most important explanatory variables, as well as to 
minor changes in the design of the model (Table C, Appendix). 
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low-educated young adults. From these findings we argue that the low-educated are most 

vulnerable to exclusion from lifelong learning participation. 

 

As regards the characteristics of households, individuals and their jobs, our analyses have 

shown that:   

 it is observed that non-formal education most often happens at work, and the take-up of 

learning activities is strongly determined by the complexity of the performed job (e.g. 

health professionals) or tasks (e.g. supervision task). At the same time, it is observed that 

individuals, who have supervision tasks at work, are less likely to participate in formal 

education. 

 caring (family) duties limit participation in formal and non-formal education. Higher 

demand for care for family members in the household (often these are small children or 

seniors) is associated with a decline in participation in formal and non-formal education, 

even after controlling for working hours. Caring duties thus present a direct limitation to 

participation in formal and non-formal education among the employed. The direction of 

this association is the same for males and females, the magnitude of the estimated 

coefficients is also comparable between the two sexes. 

 for low-educated employed and young, low educated employed who are overeducated at 

their current job, formal education does not seem to present a channel for improving this 

situation; as their probability of participation in formal lifelong learning is significantly 

lower. Instead they seem to prefer non-formal lifelong learning, where low-educated 

employed show a significantly higher probability of participation.  

 the risk of computerization is negatively associated with the participation in both types 

of LLL. Individuals working in occupations with a higher share of routine tasks 

participate less, either in formal education, as well as in the (dominantly workplace 

driven) non-formal education. It is a pattern observable in the case of the main age group 

of employed, formal education of low-educated and non-formal education of employed 

migrants.  

 

Despite the above-mentioned contributions to previous literature we have made, there are 

limitations to mention. While GSEM offers statistical advantages, it does not account for the 

problem of reversed causality. This problem implies that, for example, increases in the lifelong 

learning participation rates induce public expenditures on education to rise, in particular, in 

countries which focus on public provision of formal learning to adults, or in countries with 

public funding schemes for non-formal learning. The rise in public expenditure on education 

is then (partially) driven by increase in lifelong learning. This cannot be disentangled using 

GSEM. 

To conclude, there are avenues for further research. First, future studies are needed to explain 

more deeply the observed results. Second, the statistical analysis would benefit from 

longitudinal data, which track the same person over time, and from qualitative data that support 

our findings. Third, we could expand the range of disadvantaged groups such as early school 

leavers and unemployed. Fourth, it is worthwhile to consider analyses on informal education 

in addition to formal and non-formal. And finally, additional, in-depth research is advised in 

order to investigate policy or practical implications of particular findings of this paper. 



36 
 

Although a sophisticated methodology was applied, the character of the analysis applied here 

remains rather descriptive. In order to draw more elaborated policy recommendations, the 

potential of the data and methodological approach should be further explored by elaborating 

and further testing of the many research hypotheses listed here. This is planned in the following 

research activities of the ENLIVEN project.  
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7 Tables and figures 
 

Table 1: Identified groups of interest among the employed population 

Group of interest Age of participants Highest education 
attained 

Economic status of 
participants 

All  25-64 All Employed 

Low-educated adults 25-64 ≤ ISCED 2 Employed 

Low-educated young 
adults 

20-29 ≤ ISCED 2 Employed 

Migrants 25-64 All Employed 

Source: From the authors. 

 

Table 2: Number of unweighted observations in the (EU-LFS 2016 dataset), by the type of LLL activity 

Groups of interest 
Observations 
in the sample 
(Unweighted) 

Population 
(Weighted) 

Participation 
rate - 

Formal LLL 
(%) 

Participation 
rate - Non-
formal LLL 

(%) 

Population 25-64 2 247 000 274 220 800 3.16 8.43 

Employed adults 25-64 1 608 100 200 844 000 2.58 9.91 

Employed low-educated adults 
25-64 

276 400 34 859 600 0.89 4.23 

Employed low-educated young 
adults 20-29 

31 600 4 958 200 13.37 5.77 

Employed migrants 25-64 171 600 25 879 800 3.35 8.20 

Note: Groups are identified based on the definitions in Table 1 
Source: EU-LFS 2016  

 

Table 3: Proportions (in %) of employed adults (25-64 years) in the sample by LLL participation status  

 Non-formal LLL Total 

Not participated Participated 

 
Formal LLL 

Not participated 88.38 
(1 421 300) 

9.41 
(151 300) 

97.79 
(1 572 600) 

Participated 1.78 
(28 600) 

0.43 
(6 900) 

2.21 
(35 500) 

Total 90.16 
(1 449 900) 

9.84 
(158 200) 

100.00 
(1 608 100) 

Note: Shares in %, number of unweighted observations in the parenthesis (rounded to hundreds) 
Source: EU-LFS 2016  
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Table 4: Weighting of household member in computation of the Care index   

Age of the household member Weight of the household member 

0-4 4 

5-9 3 

10-14 2 

15-19 1 

20-59 0 

60-74 1 

75-84 2 

85+ 3 
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Table 5: Descriptive statistics of the explanatory variables used in the models 

Variable Mean Std. Dev. Min Max Status 

In
d

iv
id

u
a

l l
e

ve
l b

ar
ri

e
rs

 

H
o

u
se

h
o

ld
 r

e
la

te
d

 

b
ar

ri
e

rs
 

Female*Care index 1.08 2.27 0 12 Ex. 

Male*Care index 1.31 2.52 0 12 Ex. 

Male*Non earners in the HH 0.10 0.19 0 0.95 Ex. 

Female*Non earners in the HH 0.08 0.17 0 0.95 Ex. 

Working hours 34.09 15.79 0 160 End. 

Jo
b

 r
e

la
te

d
 b

ar
ri

e
rs

 

Low-skilled*Over-education -1.04 3.28 -11 8 Ex. 

High-skilled*Over-education 0.61 4.11 -11 8 Ex. 

Risk of computerisation 0.54 0.30 0 0.97 Ex. 

High skilled occupation (dummy) 0.53 0.50 0 1 Ex. 

Supervision 0.19 0.39 0 1 Ex. 

In
d

iv
id

u
a

l l
e

ve
l c

o
n

tr
o

l v
ar

ia
b

le
s 

Female 0.46 0.50 0 1 Ex. 

Age 43.50 10.49 27 62 Ex. 

Le
ve

l o
f 

e
d

u
ca

ti
o

n
 

Lower_secondary 0.33 0.47 0 1 Ex. 

Upper_secondary 0.14 0.35 0 1 Ex. 

Tertiary 0.36 0.48 0 1 Ex. 

Looking for a job 0.04 0.20 0 1 Ex. 

Ec
o

n
o

m
ic

 s
e

ct
o

r 

Agriculture 0.04 0.20 0 1 Ex. 

Industry 0.17 0.38 0 1 Ex. 

Construction 0.07 0.25 0 1 Ex. 

Private services 0.40 0.49 0 1 Ex. 

D
e

gr
e

e
 

o
f 

u
rb

al
iz

a

ti
o

n
 Town 0.27 0.45 0 1 Ex. 

Rural 0.32 0.47 0 1 Ex. 

Costs of LLL 6.43 3.11 2.3 15 Ex. 

Sy
st

e
m

 d
e

te
rm

in
an

ts
 

D
e

m
o

gr

ap
h

y 

Mean age of the regional population 42.17 2.44 34.06 49.84 Ex. 

In
it

ia
l e

d
u

ca
ti

o
n

 

Years of compulsory schooling 10.94 1.14 8 12 Ex. 

Entrance age into lower secondary education 11.24 0.94 10 13 Ex. 

Share of students in vocational programmes 47.95 10.66 12.72 73.21 Ex. 

Government expenditure on education as a 
% of GDP 

4.66 0.74 3.4 6.9 End. 

La
b

o
u

r 
m

ar
ke

t Employment rate 72.43 8.47 45.85 88.39 End. 

Share of dismissals 20.32 7.24 4 46.44 Ex. 

Share of temporary contracts 7.50 4.46 0.12 17.98 Ex. 

Active Labour Market Policy expenditure on 
Training 

0.15 0.13 0.00 0.53 Ex. 

Ec
o

n
o

m

y 

Regional GDP 10.16 0.57 8.32 11.42 End. 

Number of patent applications 7.84 1.72 1.52 9.89 End. 

Note:  
Ex. – variable is exogenous variable in the model (it is only associated with the dependent variable);  
End. – variable is endogenous (it is associated with the dependent variable and also predicted by other 
variables    
Source: EU-LFS 2016 
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Table 6: Values of the Interclass correlation coefficient after a random intercept model of participation in LLL 

Level of random 
intercept 

Employed 

All Low educated Young low -educated Migrant 

Country 0.183 0.366 0.464 0.223 

Region 0.185 0.399 0.515 0.222 

Note: Retrieved from a 10% sample of the database 
Source: EU-LFS 2016 

 

Table 7: Correlation coefficients among selected system determinants  

 

Y
e

ars o
f 

co
m

p
u

lso
ry 

sch
o

o
lin

g 

Sh
are

 o
f stu

d
e

n
ts in

 

vo
catio

n
al 

p
ro

gram
m

e
s 

 

G
o

ve
rn

m
e

n
t e

xp
en

d
itu

re
 o

n
 

e
d

u
catio

n
 as a %

 o
f G

D
P

 

 

Em
p

lo
ym

e
n

t rate
 

A
ctive

 Lab
o

u
r M

arke
t P

o
licy 

e
xp

e
n

d
itu

re
 o

n
 Train

in
g 

R
e

gio
n

al G
D

P
 

Share of students in  
vocational programmes 

0.348 

Government expenditure on  
education as a % of GDP 

-0.271 -0.226 

Employment rate -0.419 -0.056 0.345 

Active Labour Market Policy  
expenditure on Training 

0.067 0.158 0.344 0.126 

Regional GDP 0.275 0.156 0.333 -0.020 0.614 

Number of patent applications 0.606 0.145 0.021 -0.198 0.500 0.640 

Source: EU-LFS 2016 

 

Table 8: Models diagnostics  

 
Employed 25-64 Low-educated, 

employed 25-64 
Young (20-29) and  

low-educated 
employed 

Employed  
migrants 

Formal Non-
formal 

Formal Non-
formal 

Formal Non-
formal 

Formal Non-
formal 

Number of 
observations 

145756
0 

145756
0 252771 252771 29500 29500 151503 151503 

BIC 432338
6 

439647
2 729256 737449 87301 87509 531755 538223 

AIC 432263
0 

439571
6 728651 736833 86828 87036 531139 537607 

Log-likelihood -
216125
3 

-
219779
6 -364267 -368358 -43357 -43461 -265508 -268742 

Source: EU-LFS 2016 
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Table 9: Estimation results for variables based on the characteristics of households and individuals  (b/s.e./p.) 

Target group 

Employed 

All Low-educated 
Young and  

low-educated 
Migrants 

Type of LLL Formal Non-formal Formal Non-formal Formal Non-formal Formal Non-formal 

H
o

u
se

h
o

ld
 r

e
la

te
d

 b
ar

ri
e

rs
 

Female*care index 

-0.091 -0.024 -0.037 -0.027 -0.059 0.019 -0.072 -0.029 

0.011 0.003 0.020 0.012 0.029 0.033 0.027 0.007 

0.000 0.000 0.064 0.028 0.043 0.563 0.007 0.000 

Male*care index 

-0.070 -0.005 -0.066 -0.015 -0.078 -0.012 -0.064 -0.004 

0.008 0.004 0.022 0.009 0.039 0.035 0.020 0.010 

0.000 0.287 0.003 0.079 0.045 0.729 0.002 0.699 

Male*non earners in the HH 

0.180 -0.308 -0.287 -0.269 -0.573 -0.479 0.225 -0.329 

0.085 0.050 0.245 0.118 0.404 0.450 0.237 0.134 

0.035 0.000 0.242 0.023 0.156 0.288 0.342 0.014 

Female*non earners in the HH 

0.373 -0.166 0.039 -0.469 0.401 -0.341 0.642 -0.075 

0.078 0.047 0.263 0.144 0.535 0.602 0.239 0.112 

0.000 0.000 0.883 0.001 0.454 0.571 0.007 0.505 

Working hours 

-0.014 0.010 -0.008 0.009 -0.008 0.005 -0.018 0.007 

0.002 0.001 0.003 0.001 0.003 0.006 0.002 0.001 

0.000 0.000 0.001 0.000 0.014 0.384 0.000 0.000 

Jo
b

 r
e

la
te

d
 b

ar
ri

e
rs

 

Low-skilled*Over-education 

0.027 0.009 -0.122 0.039 -0.147 0.036 0.008 0.004 

0.009 0.008 0.023 0.014 0.040 0.025 0.013 0.013 

0.002 0.262 0.000 0.006 0.000 0.146 0.544 0.741 

High-skilled*Over-education 

0.005 0.029 -0.115 0.085 -0.170 0.072 0.007 0.033 

0.008 0.003 0.037 0.015 0.044 0.041 0.011 0.008 

0.554 0.000 0.002 0.000 0.000 0.078 0.513 0.000 

Risk of computerisation 

-0.238 -0.276 -0.544 -0.063 0.059 0.327 0.022 -0.355 

0.057 0.024 0.183 0.097 0.278 0.301 0.117 0.070 

0.000 0.000 0.003 0.517 0.831 0.277 0.848 0.000 

High skilled occupation (dummy) 

0.174 0.461 0.525 0.730 0.535 0.632 0.305 0.507 

0.051 0.024 0.150 0.074 0.254 0.257 0.093 0.059 

0.001 0.000 0.000 0.000 0.035 0.014 0.001 0.000 

 

Supervision (dummy) 

-0.088 0.273 -0.119 0.408 -0.535 0.240 -0.097 0.328 

 0.035 0.017 0.170 0.062 0.269 0.274 0.089 0.061 

 0.011 0.000 0.483 0.000 0.047 0.381 0.275 0.000 

Legend: b/se/p 
Source: EU-LFS 2016  
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Table 10: Estimation results for the individual level control variables LLL participation (b/s.e./p.) 

Target group 

Employed 

All Low-educated 
Young and low-

educated Migrants 

Type of LLL Formal 
Non-
formal Formal 

Non-
formal Formal Non-formal Formal 

Non-
formal 

Female 

-0.039 0.235 0.030 0.134 -0.166 -0.148 -0.032 0.188 

0.045 0.029 0.127 0.077 0.197 0.198 0.095 0.070 

0.388 0.000 0.813 0.083 0.400 0.454 0.737 0.007 

Age 

-0.099 -0.008 -0.104 -0.015 (omitted) (omitted) -0.095 -0.014 

0.007 0.001 0.010 0.002   0.009 0.003 

0.000 0.000 0.000 0.000     0.000 0.000 

Le
ve

l o
f 

e
d

u
ca

ti
o

n
 (

p
ri

m
ar

y 

o
m

m
it

e
d

) 
 

Lower_secondary 

0.126 0.370 (omitted) (omitted) (omitted) (omitted) 0.250 0.508 

0.103 0.033     0.112 0.095 

0.221 0.000         0.026 0.000 

Upper_secondary 

0.687 0.529 (omitted) (omitted) (omitted) (omitted) 0.758 0.599 

0.073 0.039     0.132 0.070 

0.000 0.000     0.000 0.000 

Tertiary 

0.697 0.705 (omitted) (omitted) (omitted) (omitted) 0.779 0.798 

0.100 0.059     0.174 0.102 

0.000 0.000     0.000 0.000 

Looking for a job 

0.307 0.256 0.506 0.449 -0.570 0.391 0.179 0.264 

0.054 0.030 0.199 0.100 0.216 0.270 0.097 0.083 

0.000 0.000 0.011 0.000 0.008 0.148 0.065 0.002 

Ec
o

n
o

m
ic

 s
e

ct
o

r 
(p

u
b

lic
 s

e
rv

ic
e

s 
o

m
m

it
e

d
) 

Agriculture 

-0.780 -0.634 -1.142 -0.899 -0.494 -0.737 -1.001 -0.874 

0.123 0.063 0.242 0.141 0.385 0.464 0.300 0.302 

0.000 0.000 0.000 0.000 0.199 0.112 0.001 0.004 

Industry 

-0.826 -0.353 -0.779 -0.389 -0.496 -0.399 -0.988 -0.418 

0.042 0.044 0.153 0.073 0.168 0.194 0.106 0.074 

0.000 0.000 0.000 0.000 0.003 0.040 0.000 0.000 

Construction 

-1.007 -0.606 -1.122 -0.656 -0.764 -0.445 -1.569 -0.751 

0.067 0.047 0.212 0.091 0.246 0.317 0.229 0.147 

0.000 0.000 0.000 0.000 0.002 0.160 0.000 0.000 

Private services 

-0.555 -0.351 -0.818 -0.497 -0.331 -0.506 -0.633 -0.407 

0.034 0.033 0.104 0.059 0.145 0.187 0.096 0.066 

0.000 0.000 0.000 0.000 0.022 0.007 0.000 0.000 

D
e

gr
e

e
 o

f 
u

rb
al

iz
at

io
n

 

(C
it

y 
o

m
m

it
e

d
) 

Town 

-0.298 -0.059 -0.050 0.004 0.083 0.106 -0.302 -0.026 

0.046 0.025 0.094 0.065 0.146 0.174 0.071 0.068 

0.000 0.016 0.590 0.953 0.569 0.540 0.000 0.698 

Rural 

-0.431 -0.062 0.030 0.138 0.207 0.142 -0.370 0.007 

0.052 0.026 0.124 0.062 0.214 0.211 0.098 0.067 

0.000 0.015 0.807 0.025 0.331 0.501 0.000 0.920 

Legend: b/se/p 
Source: EU-LFS 2016 
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Table 11: Estimation results for the role of system characteristics in LLL participation (b/s.e./p.) 

Target group Employed 

All Low-educated Young and low-
educated 

Migrants 

Type of LLL Formal Non-
formal 

Formal Non-
formal 

Formal Non-
formal 

Formal Non-
formal 

Costs of LLL  0.021 0.053 -0.108 0.111 -0.188 0.147 0.036 0.062 

0.015 0.014 0.023 0.021 0.037 0.034 0.020 0.020 

0.153 0.000 0.000 0.000 0.000 0.000 0.070 0.002 

D
e

m
o

gr
ap

h
y 

Mean age of the regional population -0.032 0.021 -0.031 0.031 -0.003 0.083 -0.020 0.010 

0.015 0.019 0.023 0.023 0.038 0.029 0.016 0.027 

0.030 0.271 0.182 0.171 0.935 0.005 0.220 0.705 

In
it

ia
l e

d
u

ca
ti

o
n

 

Years of compulsory schooling -0.148 -0.329 0.183 -0.336 0.319 -0.410 -0.296 -0.187 

0.051 0.054 0.076 0.078 0.108 0.105 0.052 0.062 

0.004 0.000 0.017 0.000 0.003 0.000 0.000 0.003 

Entrance age into lower secondary 
education 

0.244 0.009 0.521 0.044 0.468 -0.052 0.046 0.035 

0.050 0.052 0.100 0.083 0.125 0.115 0.065 0.075 

0.000 0.857 0.000 0.592 0.000 0.653 0.474 0.639 

Share of students in vocational 
programmes 

0.006 -0.001 -0.006 0.000 -0.027 -0.012 0.013 -0.006 

0.005 0.005 0.007 0.007 0.012 0.008 0.006 0.006 

0.171 0.885 0.429 0.999 0.025 0.151 0.023 0.349 

Public expenditures on education 0.124 0.671 0.522 0.929 0.739 0.603 0.795 0.660 

0.191 0.141 0.251 0.194 0.482 0.296 0.186 0.212 

0.517 0.000 0.037 0.000 0.125 0.042 0.000 0.002 

La
b

o
u

r 
m

ar
ke

t 

Employment rate 0.005 0.006 0.027 0.008 0.006 0.023 0.008 0.026 

0.004 0.005 0.009 0.008 0.013 0.009 0.006 0.007 

0.297 0.226 0.003 0.279 0.648 0.010 0.179 0.000 

Share of dismissals 0.002 0.006 -0.022 0.000 -0.011 -0.015 -0.006 0.007 

0.004 0.005 0.007 0.007 0.011 0.011 0.005 0.008 

0.598 0.217 0.003 0.985 0.322 0.165 0.247 0.375 

Share of temporary contracts 0.014 -0.022 0.059 -0.009 0.049 0.009 0.028 -0.023 

0.010 0.009 0.019 0.012 0.032 0.026 0.014 0.012 

0.145 0.013 0.002 0.468 0.126 0.729 0.049 0.050 

Active Labour Market Policy 
expenditure on Training 

-0.355 0.877 -0.194 0.422 2.681 0.309 -1.708 1.250 

0.340 0.276 0.667 0.363 0.943 0.601 0.439 0.368 

0.297 0.001 0.772 0.245 0.004 0.608 0.000 0.001 

Ec
o

n
o

m
y 

Regional GDP 0.409 -0.025 0.454 -0.255 -0.020 0.330 -0.084 -0.218 

0.174 0.146 0.219 0.170 0.399 0.267 0.150 0.193 

0.018 0.866 0.038 0.134 0.960 0.217 0.576 0.260 

Number of patent applications 0.079 0.252 -0.008 0.257 0.002 0.250 0.167 0.172 

0.053 0.062 0.057 0.084 0.093 0.108 0.046 0.072 

0.139 0.000 0.888 0.002 0.985 0.020 0.000 0.017 

Legend: b/se/p 
Source: EU-LFS 2016  
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Figure1: Lifelong learning participation rates among employed low-educated adults aged 25-64 

 
Source: Own computations based on EU LFS 2011-2016. 

 

Figure2: Lifelong learning participation rates among employed low-educated young adults 20-29 

 

Source: Own computations based on EU LFS 2011-2016. 
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Figure3: Lifelong learning participation rates among employed migrants aged 25-64 

 

Source: Own computations based on EU LFS 2011-2016. 
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Appendix 

Table A: Descriptive statistics of the EU LFS sample, employed 25-64 years old, by country 

 
Observations in the 

sample 
(Unweighted) 

Population 
(Weighted) 

Participation rate - 
Formal LLL (%) 

Participation rate - 
Non-formal LLL (%) 

Austria 76 400 3 641 500 4.1 12.3 

Belgium 37 800 4 243 400 1.6 5.4 

Bulgaria 13 000 2 822 200 1.3 0.5 

Croatia 10 400 328 800 2.1 4.8 

Cyprus 15 800 4 730 100 1.6 10.1 

Czech Republic 17 000 36 815 300 2.7 5.8 

Denmark 39 300 2 323 900 6.1 22.9 

Estonia 10 400 563 000 5.0 13.7 

Finland 10 400 17 378 900 3.4 7.1 

France 168 900 2 119 900 8.4 22.2 

Germany 228 700 23 599 300 1.4 22.1 

Greece 75 200 3 472 500 1.6 2.4 

Hungary 87 100 1 445 400 1.6 1.0 

Italy 186 200 4 008 300 0.8 6.7 

Latvia 15 800 21 263 600 1.2 7.9 

Lithuania 25 400 1 212 500 1.7 5.4 

Luxembourg 13 500 245 400 2.6 17.6 

Malta 9 200 800 200 2.5 5.3 

Netherlands 34 900 164 800 4.3 5.0 

Norway 11 500 6 970 800 6.6 14.0 

Poland 114 400 2 221 700 4.8 16.2 

Portugal 61 300 14 764 900 1.6 2.8 

Romania 89 000 4 108 800 2.2 8.2 

Slovak Republic 35 700 7 684 100 0.2 0.9 

Slovenia 24 900 4 214 900 5.3 25.1 

Spain 34 900 844 900 4.2 9.3 

Sweden 129 900 2 311 400 0.8 2.3 

United Kingdom 31 200 26 543 700 3.5 13.1 

Total 1 608 100 200 844 000 2.6 9.9 

Note: Population of employed, 25-64 years old in the sample, using sampling weights, individuals may combine 
participation in formal and non-formal LLL. Rates in %, numbers rounded to hundreds. 
Source: EU-LFS 2016  
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Table B: Estimates of the sub-equations of the model 

Target group Employed 

All Low skilled Young and low-skilled Migrants 

Type of LLL Formal Non-formal Formal Non-formal Formal Non-formal Formal Non-formal 

D
e

p
e

n
d

e
n

t:
 W

o
rk

in
g 

h
o

u
rs

 

Female*care index -0.036 -0.036 -0.031 -0.031 -0.044 -0.044 -0.044 -0.044 

0.003 0.003 0.003 0.003 0.007 0.007 0.005 0.005 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Male*care index 0.012 0.012 0.010 0.010 0.008 0.008 0.007 0.007 

0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.001 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Male*not earners 
 in the HH 

0.114 0.114 0.125 0.125 0.044 0.044 0.078 0.078 

0.007 0.007 0.012 0.012 0.029 0.029 0.016 0.016 

0.000 0.000 0.000 0.000 0.122 0.122 0.000 0.000 

Female*not earners 
 in the HH 

-0.087 -0.087 -0.227 -0.227 -0.110 -0.110 -0.160 -0.160 

0.015 0.015 0.017 0.017 0.057 0.057 0.021 0.021 

0.000 0.000 0.000 0.000 0.055 0.055 0.000 0.000 

Constatnt 3.542 3.542 3.517 3.517 3.544 3.544 3.529 3.529 

0.006 0.006 0.009 0.009 0.011 0.011 0.012 0.012 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

D
e

p
e

n
d

e
n

t:
 E

m
p

lo
ym

e
n

t 
ra

te
 

Public expenditures on  
education 

2.162 2.162 4.326 4.326 3.400 3.400 3.143 3.143 

1.408 1.408 1.475 1.475 1.545 1.545 1.529 1.529 

0.125 0.125 0.003 0.003 0.028 0.028 0.040 0.040 

Years of compulsory  
schooling 

-2.036 -2.036 -2.009 -2.009 -1.703 -1.703 -1.049 -1.049 

0.730 0.730 0.723 0.723 0.808 0.808 0.853 0.853 

0.005 0.005 0.005 0.005 0.035 0.035 0.219 0.219 

Active Labour Market  
Policy expenditure 

 on Training 

-2.546 -2.546 -12.837 -12.837 -12.701 -12.701 -9.482 -9.482 

6.826 6.826 7.318 7.318 7.292 7.292 7.076 7.076 

0.709 0.709 0.079 0.079 0.082 0.082 0.180 0.180 

Share of dismissals -0.296 -0.296 -0.182 -0.182 -0.181 -0.181 -0.020 -0.020 

0.130 0.130 0.100 0.100 0.120 0.120 0.124 0.124 

0.023 0.023 0.070 0.070 0.130 0.130 0.874 0.874 

Share of temporary  
Contracts 

-0.438 -0.438 -0.175 -0.175 -0.321 -0.321 -0.458 -0.458 

0.170 0.170 0.167 0.167 0.171 0.171 0.203 0.203 

0.010 0.010 0.295 0.295 0.060 0.060 0.024 0.024 

Constatnt 94.284 94.284 81.404 81.404 83.502 83.502 75.195 75.195 

11.482 11.482 11.204 11.204 12.898 12.898 13.173 13.173 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

D
e

p
e

n
d

e
n

t:
 P

u
b

lic
 

e
xp

e
n

d
it

u
re

s 
in

 

e
d

u
ca

ti
o

n
 

Years of compulsory 
 Schooling 

-0.043 -0.043 -0.002 -0.002 0.040 0.040 -0.070 -0.070 

0.039 0.039 0.055 0.055 0.053 0.053 0.067 0.067 

0.262 0.262 0.978 0.978 0.453 0.453 0.300 0.300 

Mean age of the  
regional population 

-0.003 -0.003 -0.010 -0.010 -0.015 -0.015 -0.010 -0.010 

0.022 0.022 0.028 0.028 0.026 0.026 0.022 0.022 
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0.885 0.885 0.725 0.725 0.566 0.566 0.648 0.648 

Entrance age into  
lower secondary 

education 

0.381 0.381 0.333 0.333 0.427 0.427 0.416 0.416 

0.049 0.049 0.084 0.084 0.072 0.072 0.081 0.081 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Constatnt 0.986 0.986 1.213 1.213 -0.002 -0.002 1.266 1.266 

0.937 0.937 1.449 1.449 1.264 1.264 1.534 1.534 

0.293 0.293 0.403 0.403 0.999 0.999 0.409 0.409 

D
e

p
e

n
d

e
n

t:
 R

e
gi

o
n

al
 G

D
P

 

Employment rate 0.008 0.008 0.005 0.005 0.005 0.005 0.012 0.012 

0.005 0.005 0.006 0.006 0.006 0.006 0.006 0.006 

0.133 0.133 0.463 0.463 0.400 0.400 0.046 0.046 

Number of patent 
applications 

0.285 0.285 0.257 0.257 0.265 0.265 0.142 0.142 

0.024 0.024 0.036 0.036 0.041 0.041 0.054 0.054 

0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.009 

Years of compulsory 
 Schooling 

-0.123 -0.123 -0.064 -0.064 -0.061 -0.061 -0.013 -0.013 

0.045 0.045 0.055 0.055 0.058 0.058 0.066 0.066 

0.006 0.006 0.240 0.240 0.295 0.295 0.846 0.846 

Constatnt 8.703 8.703 8.529 8.529 8.364 8.364 8.559 8.559 

0.681 0.681 0.744 0.744 0.800 0.800 0.635 0.635 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

D
e

p
e

n
d

e
n

t:
 N

u
m

b
e

r 
o

f 

p
at

e
n

t 
ap

p
lic

at
io

n
s 

Years of compulsory  
Schooling 

0.959 0.959 0.985 0.985 1.052 1.052 0.917 0.917 

0.095 0.095 0.085 0.085 0.096 0.096 0.115 0.115 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Constatnt -2.649 -2.649 -2.920 -2.920 -3.558 -3.558 -1.731 -1.731 

1.014 1.014 0.919 0.919 1.036 1.036 1.248 1.248 

0.009 0.009 0.002 0.002 0.001 0.001 0.165 0.165 

Legend: b/se/p 
Source: EU-LFS 2016  
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Table C: Robustness of the estimates to changes in the construction of the main explanatory variables (Formal LLL) 

Variable type 
 

Model 

Variable A B C D E 

In
d

iv
id

u
a

l l
e

ve
l b

ar
ri

e
rs

 

H
o

u
se

h
o

ld
 r

e
la

te
d

 b
ar

ri
e

rs
 

Female*care index -0.092 -0.091 -0.091 -0.101 
 

0.011 0.011 0.011 0.008 
 

0.000 0.000 0.000 0.000 
 

Male*care index -0.070 -0.069 -0.069 -0.063 
 

0.008 0.008 0.008 0.006 
 

0.000 0.000 0.000 0.000 
 

Male*not earners in the HH 0.170 0.165 0.166 0.097 
 

0.084 0.084 0.084 0.071 
 

0.043 0.049 0.049 0.173 
 

Female*not earners in the HH 0.376 0.373 0.373 0.385 
 

0.077 0.077 0.077 0.058 
 

0.000 0.000 0.000 0.000 
 

Working hours -0.014 -0.014 -0.014 -0.015 
 

0.002 0.002 0.002 0.001 
 

0.000 0.000 0.000 0.000 
 

Jo
b

 r
e

la
te

d
 b

ar
ri

e
rs

 

Low-skilled*Overeducation 0.026 0.023 0.022 0.064 0.066 

0.009 0.009 0.009 0.013 0.013 

0.002 0.007 0.011 0.000 0.000 

High-skilled*Overeducation 0.004 0.001 0.000 -0.010 -0.012 

0.008 0.008 0.007 0.008 0.009 

0.611 0.894 0.999 0.231 0.176 

Risk of computerisation -0.236 -0.238 -0.239 -0.266 -0.247 

0.056 0.056 0.056 0.058 0.058 

0.000 0.000 0.000 0.000 0.000 

High skilled occupation (dummy) 0.179 0.182 0.183 0.215 0.203 

0.051 0.051 0.051 0.058 0.059 

0.000 0.000 0.000 0.000 0.001 

Supervision (dummy) -0.079 -0.080 -0.080 -0.091 -0.133 

0.034 0.034 0.034 0.037 0.036 

0.022 0.019 0.020 0.013 0.000 

In
d

iv
id

u
a

l l
e

ve
l c

o
n

tr
o

l v
ar

ia
b

le
s 

Female -0.038 -0.039 -0.039 -0.024 0.014 

0.045 0.045 0.045 0.040 0.032 

0.393 0.382 0.384 0.544 0.659 

Age -0.099 -0.099 -0.099 -0.105 -0.105 

0.007 0.007 0.007 0.006 0.006 

0.000 0.000 0.000 0.000 0.000 

Le
ve

l o
f 

e
d

u
ca

ti
o

n
 

(p
ri

m
ar

y 

o
m

m
it

e
d

) 

Lower_secondary 0.135 0.156 0.161 -0.234 -0.240 

0.103 0.102 0.103 0.111 0.111 

0.191 0.126 0.117 0.035 0.031 

Upper_secondary 0.686 0.698 0.700 0.417 0.417 
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0.073 0.073 0.074 0.083 0.084 

0.000 0.000 0.000 0.000 0.000 

Tertiary 0.697 0.726 0.733 0.495 0.498 

0.098 0.101 0.101 0.130 0.132 

0.000 0.000 0.000 0.000 0.000 

Looking for a job 0.308 0.306 0.307 0.240 0.307 

0.054 0.054 0.054 0.037 0.038 

0.000 0.000 0.000 0.000 0.000 

Ec
o

n
o

m
ic

 s
e

ct
o

r 
(p

u
b

lic
 s

e
rv

ic
e

s 
o

m
m

it
e

d
) 

Agriculture -0.795 -0.793 -0.793 -0.779 -0.877 

0.121 0.121 0.121 0.074 0.073 

0.000 0.000 0.000 0.000 0.000 

Industry -0.824 -0.824 -0.825 -0.841 -0.875 

0.042 0.042 0.042 0.039 0.039 

0.000 0.000 0.000 0.000 0.000 

Construction -1.008 -1.005 -1.006 -1.055 -1.109 

0.067 0.067 0.067 0.061 0.060 

0.000 0.000 0.000 0.000 0.000 

Private services -0.558 -0.557 -0.557 -0.536 -0.569 

0.033 0.033 0.033 0.027 0.027 

0.000 0.000 0.000 0.000 0.000 

D
e

gr
e

e
 o

f 
u

rb
al

iz
at

io
n

 

(C
it

y 
o

m
m

it
e

d
) 

Town -0.289 -0.295 -0.295 -0.352 -0.376 

0.046 0.045 0.045 0.034 0.036 

0.000 0.000 0.000 0.000 0.000 

Rural -0.419 -0.428 -0.428 -0.468 -0.507 

0.052 0.051 0.051 0.042 0.045 

0.000 0.000 0.000 0.000 0.000 

Subjective costs of LLL 0.014 0.009 
 

-0.007 -0.013 

0.016 0.016 
 

0.021 0.021 

0.391 0.604 
 

0.729 0.532 

Sy
st

e
m

 d
e

te
rm

in
an

ts
 

D
e

m
o

gr
ap

h
y Mean age of the regional population -0.026 -0.030 -0.030 -0.026 -0.023 

0.016 0.014 0.015 0.018 0.018 

0.108 0.039 0.035 0.149 0.220 

In
it

ia
l e

d
u

ca
ti

o
n

 

Years of compulsory schooling 
 

-0.155 -0.152 -0.141 -0.165 
 

0.054 0.051 0.065 0.068 
 

0.004 0.003 0.031 0.015 

Entrance age into lower secondary education 0.381 0.379 0.389 0.384 0.427 

0.060 0.059 0.059 0.066 0.067 

0.000 0.000 0.000 0.000 0.000 

Share of students in vocational programmes 0.002 0.007 0.007 0.005 0.004 

0.004 0.005 0.004 0.006 0.006 

0.682 0.133 0.115 0.426 0.483 

Public expenditures on education -0.276 -0.199 -0.214 -0.176 -0.214 

0.086 0.064 0.060 0.079 0.081 

0.001 0.002 0.000 0.027 0.008 
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La
b

o
u

r 
m

ar
ke

t 

Employment rate 0.013 0.009 0.009 0.007 0.004 

0.004 0.004 0.004 0.005 0.005 

0.000 0.052 0.032 0.215 0.414 

Share of dismissals -0.006 -0.002 -0.003 0.000 -0.001 

0.005 0.004 0.004 0.005 0.005 

0.237 0.618 0.534 0.982 0.874 

Share of temporary contracts 0.004 0.007 0.005 -0.007 -0.007 

0.010 0.010 0.009 0.012 0.012 

0.678 0.473 0.527 0.555 0.534 

Active Labour Market Policy expenditure on 
Training 

0.550 0.055 0.099 0.036 0.061 

0.395 0.355 0.322 0.428 0.437 

0.164 0.878 0.758 0.933 0.889 

Ec
o

n
o

m
y 

Regional GDP 0.625 0.591 0.600 0.663 0.753 

0.093 0.095 0.090 0.121 0.122 

0.000 0.000 0.000 0.000 0.000 

Number of patent applications 0.014 0.099 0.095 0.093 0.103 

0.035 0.057 0.052 0.067 0.069 

0.681 0.080 0.070 0.162 0.139 

Legend: b/se/p 
Note:  
Model A: Average regional years of schooling used instead of the Compulsory years of schooling 
Model B: All sub-equations (associations between explanatory variables) dropped 
Model C: Subjective assessment of costs being the main obstacle to LLL participation dropped 
Model D: Sub-equation on working hours dropped 
Model E: Sub-equation on working hours dropped and working hours dropped from the list of explanatory 
variables  
Source: EU-LFS 2016  
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Scheme A: Overview of the explanatory model  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

System determinants 

Labour Market 
Initial Education Demography 

Years of 
compulsory 

schooling 

Share of 

dismissals 

 

Entrance age 

into 

secondary 

education 

Mean age of 
population 

Share of 
temporary 
contracts 

Public expenditure 

on education ALMP 

expenditures 

Employment 

rate 

Economy     

Number of 
patents 
(ESO) 

Regional GDP 

per capita 

LLL participation 
by type of 
learning 

(Formal/Non-
formal) 

Household characteristics:  

Care index (by Gender); 

Share of non-earners (by Gender 

Job characteristics: 

Overeducation index (by 
high-skill occupation); 

Risk of computerization; 

High skilled occupation 
Individual level control variables 
Gender; Age; Level of education; Level of 
urbanization; Economic sector of employer; and 
Looking for a job 

Working 

hours 

Costs being the main 

obstacle in LLL 

participation 

Share of students in 

VET 
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Annex 

Definitions based on EUROSTAT (2016) 

Formal learning is defined as learning in the regular education and training system with the 
following characteristics:  

- purpose and format are predetermined; 

- provided in the system of schools, colleges, universities and other educational 
institutions; 

- it normally constitutes a continuous ladder of education; 

- it is structured in terms of learning objectives, learning time and learning support; 

- it is normally intended to lead to a certification recognised by national authorities 
qualifying for a specific education/programme; 

- corresponds to the educational programmes covered by the UOE-questionnaires.  
 
Non-formal learning is defined as being organised like a course, a conference or seminar. It could 
be for a short or a longer period, also with minor breaks. A non-formal learning activity may 
exceed the reference period (starting before or finishing later).  
It includes the following activities: 

- attending a course or a seminar to acquire or to improve skills, knowledge and 
competences. This includes both courses leading to certificates and courses not leading 
to certificates. The courses can be attended to improve job related knowledge or improve 
skills for social and personal purposes; attending a seminar, a course or a lecture to gain 
vocational guidance, to do a first step to working life (but outside formal education) or to 
improve basic skills in public or private institutions. The training is taught on full- or part-
time basis; doing a correspondence course (via tele-teaching or a comparable measure of 
teacher support);  

- distance learning;  

- taking private lessons to improve skills, knowledge and competences, especially as a 
supplement to formal education. This includes supplementary course by a private tutor 
and also leisure classes, e.g. studying a language for ‘leisure’ purposes. 

 



 

 

 

 

 

 

 

 

 

Part II: Good Access to Lifelong 
Learning for the Low-Educated 
Accelerates Economic Growth: 

Evidence from 23 European Countries 
 





1 Introduction 

Education or training is important for society and its inhabitants for at least two particular 

reasons (Barro, 1999; Belfield and Levin, 2007). The first reason deals with the individual as 

an active participant in society. Education may serve as a tool to become a well-informed 

civilian, who can critically reflect on traditions and values, and who is able to participate in 

democratic voting. The second reason connects the individual with the labor market. Individuals 

invest in their human capital in order to become a productive employee, who contributes to the 

society, for example, by being actively involved in organizations that produce products and 

services, and by paying taxes on wages in order to maintain the social security system. If, 

education and training are important determinants of the wealth of nations, then one can 

reasonably argue that limited and unequal access to education or training restricts the possible 

channels to impact growth. We test this hypothesis by estimating the effects of unequal access 

to education or training on economic growth. Doing so, we contribute to the previous literature 

in at least four ways. First, empirical studies have measured the stock of educational supply on 

the labor market by looking at educational attainment or test scores of young school leavers and 

adults from initial education (among others, Barro, 1991; Barro and Lee, 1993, 2001, 2013; 

Mankiw et al., 1992; Levine and Renelt, 1992; Islam, 1995; Cohen and Soto, 2007; Hanushek 

and Zhang, 2006; Hanushek and Woessmann, 2007, 2008). Barro and Lee (2013) have 

presented an update on the average years of schooling for 146 countries by looking at the 

percent share of school leavers with at most primary education, secondary education, and 

tertiary education. In order to estimate the average years of schooling, the authors explicitly 

assume that between the age 25-64 “[…] a person’s educational attainment remains unchanged 

(p.186).” This assumption neglects non-formal learning opportunities provided by firms to 

employees at the workplace, or other forms of formal or non-formal learning activities 

throughout the lifecycle.8 Therefore, the stock of educational supply in the labor force will 

typically be underestimated by only looking at highest diploma attained in initial education. 

Contrary to this stream of literature, this paper focusses on the effects on economic growth of 

formal and non-formal learning activities beyond initial education among the employed adult 

population aged 25-64.  

With regard to adults’ investments in human capital, policy debate often refers to the concept 

of lifelong learning. The European Commission (2018) defines lifelong learning as “all general 

education, vocational education and training, non-formal education and informal learning 

undertaken throughout life, resulting in an improvement in knowledge, skills and competences 

within a personal, civic, social and/or employment-related perspective.9 Even though the 

definition of the European Commission does not divide participants in lifelong learning by 

employment status, nor does it look at the age of the participants in learning activities, we look 

in this paper only at employees’ investments in human capital, and, as such, disregard potential 

learning activities of the unemployed. We also disregard inactive persons at the age of 25 and 

above. Doing so, this paper focusses on the direct impact of learning activities among the 

                                                           
8 Formal learning covers education and training in the regular system of schools, universities and colleges. Non-
formal learning includes all taught learning activities which are not part of a formal education program. 
9 Although this definition includes informal learning, it is disregarded in the measurement of lifelong learning 
derived from the European Union Labour Force Survey (EU LFS) (Section 3). Information retrieved from:  
http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32006D1720).  

http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32006D1720)
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employed adult population aged 25-64 on economic growth. With the special attention to the 

employed adult population, we implicitly adhere to the supposed mechanism that lifelong 

learning increases employees' productivity, and, with this, also growth (European Commission, 

2015). 

The second contribution to the previous literature deals with our explicit focus on inequality 

in access to adult education or training. Empirical studies only have put little attention to 

inequalities that restrict access to education (Boyadjieva and Illieva-Trichkova, 2017). 

Restrictions in access to lifelong learning for particular disadvantaged groups may offset the 

(productivity) advantages of other employees’ investments in human capital. Desjardins (2017) 

has argued in this respect that social inequalities are a reflection of unequal power relations 

within societies. These power relations can have a substantial influence on the way people 

interact with each other at the workplace, and may lead to polarization over work conditions 

and modes of production. Polarization promotes routinized work, particularly so for the low-

educated, and impedes modes of production based on trust, knowledge and innovation (Brown 

et al., 2011). Therefore, high levels of inequality can decrease employees' value added to the 

production process and sense for innovation, which, in turn, may negatively impact economic 

growth. 

For the empirical operationalization, we identify two groups on the labor market who are at-

risk of exclusion from adult education or training: the poor and the low-educated (Federighi, 

2013; Roosmaa and Saar, 2012; Boyadjieva and Illieva-Trichkova, 2017). Accordingly, we 

construct two inequality indices based on two different proxies for wealth, namely: (1) labor 

earnings; and (2) highest diploma attained in initial education. The distribution of labor 

earnings, education, and wealth ‘move together’, and, therefore, can be considered as good 

proxies for the distribution of wealth (Agion et al., 1999). Using these two inequality measures, 

we answer the question whether the distribution of labor earnings and the distribution of 

educational attainment impacts economic growth through employees’ investments in human 

capital. Or otherwise put: if, lifelong learning is concentrated among the rich respectively the 

high-educated, does this foster economic growth? The avenue on how inequality in access to 

adult education or training may impact growth, is visualized on Figure 1. 

 

[Figure 4 about here] 

 

The third contribution relies on the data and its use of it. Data from the European Union Labour 

Force Survey (EU LFS) are used for the computation of lifelong learning participation rates and 

the inequality indices in combination with data from the Eurostat database on per capita GDP 

growth rates. EU LFS is considered a reliable and nationally representative source of data on 

educational and labor market status of the population, and is frequently used as the main source 

for Eurostat’s strategic-policy monitoring indicators.10 Uniformity in the data collection method 

is important, whereas Krueger and Lindahl (2001) and Cohen and Soto (2007) have shown that 

measurement error poses an important threat for statistical inference from first differences 

estimation models. In particular, the authors indicate difficulties with data collection and 

                                                           
10 For another application on lifelong learning using EU LFS see also Pont (2004). 
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estimation methods for educational attainment among the population for a large set of countries. 

These difficulties are not present when using the EU LFS microdata.11  

However, contrary to Barro and Lee (2013), the EU LFS questionnaires do not collect data 

among a large set of countries worldwide, and a small set of countries may lead to lack of 

statistical power of the estimated models. Departing from the EU LFS microdata, we deal with 

this problem by aggregating the data at the level of the regions (NUTS II) instead of at the level 

of the country. Doing so, the final dataset includes 211 regions across 23 European countries 

and 6 time periods 2011-2016 (N=1,266) (Section 3). Further, there are additional advantages 

from using regional level statistics. Regional level information can account for variation within 

countries on participation in adult education or training, and for the disaggregated level at which 

educational and labor market policy often takes place.  

The results from standard economic growth models indicate that inequality in access to 

lifelong learning between high-educated and low-educated significantly decreases economic 

growth with -0.42 percentage points significant at 1 percent level. The results with regard to 

inequality in access to lifelong learning between rich and poor are also negative, but not 

significant. Further, we conduct important robustness checks, namely: (1) we use panel data 

instruments for lifelong learning participation rates and the inequality indices; (2) we estimate 

country fixed effects models; (3) we apply techniques of demographic standardization of the 

lifelong learning participation rate; (4) we additionally control for growth confounding 

variables; and (5) we exclude Greece as a potential outlier from the regressions. The results are 

robust to all these specifications. To conclude, we discuss important implications of the results 

for policy and suggest directions for further research. 

 

This paper proceeds as follows. Section 1 discusses the empirical strategy. Section 3 presents 

the data. The results are discussed in Section 4, and the robustness analysis in Section 5. 

Implications of our findings are presented in Section 6. Section 7 concludes. 

2 Empirical Strategy 

We estimate a standard economic growth model: 

 

log(yrj,t) − log(yrj,t−1) = 

α0 + β0 log(yrj,t−1
∗ ) + β1Srj,t−1

∗ + θ0Prj,t + θ1std(IPrj,t) + ∑ Xj,t + (νj + εt),   (1) 

 

where the dependent variable is equal to the differences in log of real per capita GDP between 

time period t and t-1 for region 𝑟 ∈ {1,2, … , 𝑅} in country 𝑗 ∈ {1,2, … , 𝐽}. The variable 

log(yrj,t−1
∗ ) denotes the log of initial per capita GDP, or the initial level of income, and Srj,t−1

∗  

the initial level of schooling, or the human capital stock of region 𝑟 in country 𝑗. The two 

variables of interest in the growth regression are Prj,t, the participation rate in lifelong learning, 

                                                           
11 Eurostat implements basic guidelines intended to avoid the publication of figures which are statistically 

unreliable. Eurostat indicates that one important threat for statistical validity, is low sample size. In order to 
avoid problems with sample size, figures are pooled for the years of data collected, namely: 2011-2016. 
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and IPrj,t, a standardized index that measures the inequalities in access to lifelong learning. We 

run the regression separately for the measure using the distribution of labor earnings, and for 

the measure using the distribution of education. Both the lifelong learning participation rate and 

the inequality index are measured at the regional-level. The variables ∑ Xj,t represents a vector 

of traditional explanatory variables, for example, the inflation rate, openness of the economy, 

security of intellectual property rights, and log of the total fertility rate. The parameter νj 

denotes an unobserved country-specific system characteristics that may influence the growth 

rate and the participation rates in lifelong learning alike. And parameter εt is the error term. 

The parameters of interest are θ0 and θ1. However, statistical inference with regard to the 

parameters' estimates is not straightforward. Previous literature has argued that estimates from 

basic growth models are merely correlations rather than causal (Krueger and Lindahl, 2001). 

For example, growth rates and participation rates in lifelong learning can be positively 

influenced by unobserved system characteristics or aggregate activity shocks, simultaneously. 

One can then wrongly conclude that participation in lifelong learning fosters growth. Therefore, 

we use first differences and lagged values as instruments for the lifelong participation rates and 

the inequality indices. In particular, we use the lagged first differences as an instrument for the 

equation in levels, and the fourth lag as an instrument for the equation in differences. Using the 

lagged first differences for an equation in levels controls for unobserved time invariant 

information. And Blundell and Bond (1998) have argued that the fourth lag should overcome 

the simultaneously problem. In line with Barro (2001), these panel data estimation techniques 

are operationalized using three-stage least squares regressions with small sample corrections of 

the variance. It should be noted that we prefer the 3SLS estimator above the system GMM 

estimator discussed in Blundell and Bond (1998) because of the limited observation period (i.e. 

6 years). 

One other specification has also been investigated, namely the random effects (RE) 

specification using the Generalized Least Squares (GLS) estimator. This specification controls 

the standard errors for 209 clusters in regions (within a country) by producing a weighted-

matrix average of “between regions’ estimates” and “within regions’ estimates”. The 

specification also allows us to control for initial per capita GDP and schooling, which would 

obviously drop from the equation when using a within regression estimator (e.g. fixed effects). 

Results from using this specification do not change. 

Furthermore, as additional robustness checks, we estimate country fixed effects models, apply 

methods of demographic standardization, and control for regional level system characteristics 

with regard to the economy, demography, education and the labor market. 

3 Data 

3.1 A regional level dataset 

We construct a regional level dataset that includes lifelong learning participation rates, two 

inequality indices that reflect the level of unequal access to lifelong learning, and economic 

growth between 2011 and 2016. The variables for lifelong learning are constructed by using the 

microdata from the European Union Labour Force Survey (EU LFS), while per capita GDP is 

provided by the Eurostat database. As such, we rely on the format of the regions provided by 

EU LFS. Regions are defined at NUTS-2 (Nomenclature of Territorial Units for Statistics); the 

basic regions for the application of regional policies. Between 2011 and 2016, EU LFS 
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microdata comprises of EU-28 countries and Norway, Switzerland and Iceland. However, one 

country does not provide regional level information, namely: the Netherlands. Further, Cyprus, 

Estonia, Iceland, Lithuania, Luxemburg, Latvia, and Malta only comprise of one region. We 

exclude these 8 countries from the final dataset, whereas variation in regional level information 

is crucial for the applied methodology. For Austria and for the United Kingdom, regional level 

information is provided at NUTS-1 (instead of NUTS-2). As such, these two countries are 

included in the final dataset with information at NUTS-1. In total we keep 23 European 

countries in the final dataset which cover 211 regions between 2011-2016 (N= 1,266).12 To 

these data, and in line with previous research, we add a set of relevant explanatory variables for 

economic growth, which are mostly measured at the country level, namely: inflation, openness 

of the economy, the inflation rate, the security of intellectual property rights, and the total 

fertility rate (among others, Barro, 2001; Hanushek and Woessmann, 2007). The final dataset 

is a strongly balanced (pseudo) panel dataset that also allows for (dynamic) panel data 

estimation techniques. 

Appendix A presents the mean and standard deviation for all the variables used in further 

analyses. 

3.2 Inequality indices 

Using the approach of Kakwani et al. (1997), we have computed a measure for unequal access 

to formal or non-formal adult education or training by labor earnings and by educational 

attainment for employees aged 25-64. From the EU LFS microdata we use the distribution of 

labor earnings in percentiles as to construct the income inequality index (II-idex).13 Similarly, 

we use the distribution of formal initial educational attainment across ISCED codes. These 

codes range from ‘no formal education or below ISCED 1’ to ‘ISCED 8’.14 

The inequality indices represent concentration indices, which has been derived from the 

Lorenz Curve (Figure 5). Positive concentration indices (> 0) indicate indicate that lifelong 

learning is clustered among the high-educated, while negative concentration indices (< 0) 

indicate that lifelong learning is clustered among the low-educated. The minimum and 

maximum values of a concentration is −1 and +1, respectively, which means perfect 

inequality. 

 

[Figure 5 about here] 

 

However, it could be the case that the relationship between income (initial education) and 

lifelong learning is inversely U-shaped. This is visualized in Figure 5 by using a bended line 

that crosses the 45°-line of equality. This special case can cause some reasons for concern, 

whereas g’(x) can be positive (>0) for some ranges of x within regions, and negative (<0) for 

other ranges of x within regions. In other words: when the relationship is inversely U-shaped, 

                                                           
12 Between 2013 and 2014 there is break in measurement of ISCED. Furthermore, region codes have changed 
for France and Greece in these years which increased the total number of regions from 209 to 213 between 
2014-2016. For reasons of comparison over the observed time period, we have recoded the last three years of 
the EU LFS as to fit with the coding used between 2011-2013.  
13 This corresponds to the variable INCDECIL in EU LFS: “Monthly (take home) pay from main job”. 
14 Before 2014, EU LFS used the ISCED 97 classification system containing 18 categories. As from 2014, this 
changed to the ISCED 11 classification system which contains 12 categories. 
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then this actually means that employees’ investments in human capital in poor regions 

(countries) is concentrated among the rich, while in rich regions (countries) it is concentrated 

among the poor. For example, Deuchert et al. (2014) have shown that an inverted U-shape 

relationship exists between income and body weight, and they have in-depth discussed its 

implications. As a result of this kind of relationship between income (education) and lifelong 

learning, concentration indices are (close to) 0. When looking at the descriptive statistics 

provided in Appendix A, there is only little empirical evidence for this inverted U-shape 

relationship between income (education) and lifelong learning. All concentration indices 

(regional means by country) have positive values that lie above 0. Lifelong learning behaves as 

a normal good which implies that more income (education) also leads to more investments in 

lifelong learning. Further, descriptive evidence in Appendix A shows that lifelong learning 

becomes more accessible in richer countries to middle income (educated) persons, which 

indicates that the relative costs of lifelong learning decline with growth in per capita income. 

3.3 Other variables 

We have collected information from the Eurostat database on educational attainment across 

regions in order to compute the average years of formal initial education among the population 

at the start of the period (cf. Srj,t−1
∗  in Equation (1)). The average years of schooling is 

approximated by using the percentage share of the population aged 25-64 with a particular level 

of educational attainment. In line with Barro and Lee (2013) we first assumed 6 years of 

education for persons with at most primary education, 12 years of education for persons with 

at most secondary education, and 15 years of education for persons with tertiary education. 

Then, in order to minimize the measurement error, we used the compulsory entrance age to 

primary and secondary education, and the compulsory education age, as approximates for a 

normal educational career without grade retention. Our results are robust to both specifications. 

Note that results presented in Section 4 deals with the second specification of average years of 

schooling across regions. 

Next, we have constructed an indicator for openness of the economy to international trade 

based on the value of export of good and services, the value of import of goods and services, 

and total GDP (all measured in constant 2010 $US). These variables have been collected from 

the World Development Indicators of World Bank. In line with Barro (2001), we have corrected 

the variable to size of the country by using the number of inhabitants within the country. 

Openness of the economy is considered a good proxy for the institutional framework (e.g. 

regulation on firms, trade unions, intrusion of the government in the overall economy, 

Hanushek and Woessmann, 2007). 

We also include the inflation rate in further analyses. The inflation rate (for consumer prices) 

denotes the rate of price change in the economy as a whole. Higher inflation rates is negatively 

associated with growth, because it affects the purchasing power of consumers, at least, in the 

absence of an increase in labor earning (Barro, 2001). Within the scope of the costs of lifelong 

learning, the inflation rate can serve as a good control variable. This variable has been collected 

from the World Development Indicators of World Bank.  

Hanushek and Woessmann (2007) proposed to include a measure of the protection of property 

rights as a predictor for overall state of economic development. We include the security of 

intellectual property rights by looking at the total number of patent applications to the European 

patent office (EPO) by priority year. Again, we corrected the variable to size of the country by 
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using the number of inhabitants within the country. Data are from the Eurostat database. We 

consider intellectual property rights as a more important predictor for economic development 

than protection against expropriation, which anyways may be more useful for analysis using 

developing countries, within the scope of lifelong learning, because it recognizes: (1) we only 

consider European countries in further analysis; (2) additional investments in lifelong learning 

can increase R&D; and (3) there is output from innovation activities and firms can protect these 

innovations by patenting. It has been argued that output from innovation fosters growth, and 

that countries closer to the technological frontier benefit more from additional investments in 

human capital in terms of growth (Aghion and Howitt, 2006). 

Finally, we also include the total fertility rate as a control variable. It denotes the number of 

births per women at childbearing age. Information on fertility is retrieved from the World Bank. 

Barro (2001) has argued that more births per women may hamper growth, whereas these women 

are less involved in the production process. This may limit the return to the educational 

investments of women and, therefore, high fertility rates can hamper growth. High fertility rates 

may also limit the opportunities of women to participate in adult education or training, 

particularly, in traditional societies where women are supposed to care for the young children 

(among others, Angrist and Evans, 1996; Geyer and Steiner, 2007; Fitzenberger et al., 2013). 

3.4 Inequality and growth 

In order to provide first evidence on the relationship between the constructed inequality 

indices and economic growth, we plot in Figure 6 the average growth rates of countries’ 

between 2011 and 2016 against the Income Inequality Index (II-index; left figure) and the 

Human Capital Inequality Index (HCI-index; right figure). 

 

[Figure 6 about here] 

 

We observe in both plots a negative relationship between the inequality indices and growth. 

However, the relationship between the HCI-index and growth seems stronger (R²=0.1630) than 

the relationship between the II-index and growth (R²=0.0703). Further, we identify Greece as a 

potential outlier, and in the robustness Section 5 we, therefore, exclude the country from the 

regressions. 

4 Results 

The results on the relationship between the II-index, respectively, the HCI-index, and 

economic growth are summarized in Table 12 and Table 13. In both tables we present three 

models. For the first model we have used the ordinary least squares estimator, while for the 

second model we have used the instrumental variables approach (Section 2). In the final model 

we have applied the instrumental variables approach in combination with demographic 

standardization of the concentration indices (II-index and HCI-index). In particularly, we 

demographically standardized the concentration indices for gender, age, ethnicity, and marital 

status. 

Results from Table 12 indicate a positive impact of lifelong learning on growth in Model 1 

and 2, but the estimated coefficient is not significantly different from zero. Further, we observe 

that income inequality in the access to lifelong learning is not significantly associated with 

economic growth. These results do not change in Model 2 or Model 3. On the contrary, the 



66 
 

results from Model I (Table 13) indicate that the HCI-index is significantly negatively 

associated with economic growth. These results do not change in Model 2 or Model 3. From 

the descriptive statistics (Appendix A) and the results it is argued that: (1) high-educated 

employees also invest more in lifelong learning; and (2) if lifelong learning is heavily 

concentrated among the high-educated, then this reduces growth by -0.4 percentage points 

significant at 1-percent level. The former finding has also been discussed by Machin and 

Wilkinson (1995) and Desjardins (2017). The latter finding is in line with empirical research 

on inequality (using Gini coefficients) and growth (Aghion et al., 1999). 

5 Robustness analysis 

As follows, we discuss the results from using country fixed effects models and additional 

regional level control variables. Table 14 summarizes the results. The first four lines in this 

table deal with the II-index, and the subsequent four lines with the HCI-index. In Model A we 

present the results of using country fixed effects without additional regional level variables. 

Model B additionally includes information on the age structure and divorce rates in the regions 

across the 23 European countries. Then, in Model C we add features of labor market institutions, 

like employment protection legislation (using the dismissal rate as a proxy), and labor market 

flexibility in terms of incidence rates of temporary contracts in the regional labor market. 

Working conditions are approximated by using the hours at work, and we also include the 

employment rate in Model C. In Model D we additionally consider country level information 

with respect to the organization of education. For reasons of multicollinearity with the country 

fixed effects, the compulsory education age and the incidence of tracking are dropped from 

estimations. 

From Table 14 we can conclude that the main results are robust to country fixed effects and 

additional control variables. There is no significant impact of the II-index on growth, while the 

HCI-index negatively impacts growth with -0.39 percentage points (Model D) significant at 1-

percent level. Further, we have marked Greece as a potential outlier in Section 3.4. Accordingly, 

we have estimated Model D again without Greece. The coefficient from the instrumented II-

index is equal to 0.06 percentage points and not significant. Further, the coefficient from the 

instrumented HCI index is equal to -0.48 percentage points and significant at 1 percent level. 

As such, the results confirm the negative impact of the HCI-index on growth and are even 

slightly more pronounced. 

6 Implications 

Capital intensive firms have accelerated investments in R&D in the wake of the 2008 financial 

crisis in order to survive on a competitive labor market (Hershbein and Kahn, 2016). R&D 

induces technical change, and technical change increases the demand for high-educated 

employees. This influence of technical change on the demand for high-skilled employees has 

been referred to as the skill-biased technological change (Acemoglu, 1998; Berman et al., 1998; 

Autor et al., 2003; Acemoglu and Autor, 2011). Accordingly, technical change is an important 

driver for especially high-educated employees to engage in lifelong learning as to catch-up with 

new technologies (Rubenson and Schuetze, 2000; Schuetze, 2007). Figure 7 indicates a 

significant positive relationship between R&D and lifelong learning participation rates among 

22 European countries (excl. Switzerland). 
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From the significant negative impact of the HCI-index on growth, it is argued that the skill 

biased technological change is not in favor of the economy as a whole. As follows, we discuss 

three mechanisms that potentially could explain the level of HCI and its negative impact on 

growth: (1) the level of educational attainment in the population; (2) the routinized jobs 

hypothesis; and (3) the role of costs of lifelong learning. 

6.1 The level of educational attainment in the population 

Inequalities put boundaries on the highest possible lifelong learning participation rates that 

can be attained in society.15 In Figure 7 it is observed that some European countries, for 

example, Belgium and Germany, face disproportionally low lifelong learning participation 

rates, at least, according to their rate of investments in R&D. On the contrary, other European 

countries, like Denmark, Finland and Sweden, have disproportionally high lifelong learning 

participation rates. 

Descriptive statistics of the HCI-index in Appendix A indicate that low-educated persons have 

limited (or no) access to lifelong learning. If, low-educated persons have no access to lifelong 

learning, it can be argued that societies with more low-educated persons also face lower lifelong 

learning participation rates. Or else, it can be predicted from the results in Section 4 that 

countries with high levels of tertiary educational attainment have better access to lifelong 

learning and, consequently, higher overall participation rates. Do Germany and Belgium then 

have relatively more low-educated employees in the population than Denmark, Finland and 

Sweden?  

 

[Figure 7 and Figure 8 about here] 

 

In Figure 8 we predict the lifelong learning participation rates based on the educational 

attainment of the population aged 25-64 across the European countries in our dataset.16 The 

trend line in Figure 8 is the same trend line as presented in Figure 7. Consider now the case of 

Belgium versus Finland. In Figure 7, Belgium has disproportionally low average participation 

rates (6.86 percent), while Finland has disproportionally high participation rates (27.46 percent) 

according to their rate of investments in R&D. From Figure 8 we can conclude that this 

observation is clearly not driven by an insufficient educational attainment among the Belgian 

population and compared to the Finnish population. Based on the predictions, Belgium should 

attain as much as 16.00 percent and Finland ‘merely’ 17.14 percent. Finland has a higher 

educated population than Belgium, but the difference between the two countries is moderate, 

and cannot explain why Finland is doing a better job in lifelong learning participation than 

Belgium. The general question becomes then why some countries excel their starting position 

based on the educational attainment of the population, while others fall short? In this respect 

we look at the routinized jobs hypothesis in the next section. 

                                                           
15 From the data, a negative relationship between lifelong participation rates and the HCI-index is observed. 
Most countries closely follow the trend line (R²=0.4084). Scatter plot with trend line available at the authors 
upon request. 
16 In particular, we regress ISCED 3-4 and ISCED 5-8 compared to reference group ISCED 0-2 on regional lifelong 
learning participation rates and cluster the standard errors at regions-country level. Then, we present averages 
for the countries in Figure 8. 
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6.2 Routinized jobs hypothesis 

While educational attainment of the population rather looks at the supply side of the labor 

market, it is worthwhile to explore the routinized jobs hypothesis at the demand side of the 

labor market. It has been argued by Brown et al. (2011), Michaels et al. (2014), and Desjardins 

(2017), among others, that polarization between social groups, for example, between the rich 

and the poor, between the low- and the high-educated, promotes routinized work and a low-

skill and low-trust production model, which impedes working conditions and employees’ value 

added. Under this assumption one may argue that societies with more routinized jobs also 

experience higher inequalities, among other things, in the access to adult education or training. 

We explore this routinized jobs hypothesis by looking at the association between the HCI-index 

and the probability of computerization of jobs (Autor et al., 1998; Frey and Osborne, 2017). 

Frey and Osborne (2017) estimate occupation specific probabilities of computerization by 

assessing the information from the US database of job descriptions O*NET with the expected 

advances in machine learning and robotics. We use these occupation specific probabilities of 

computerization and link them with the classification of occupations used in the EU LFS.17 

Doing so, we compute the average risk of computerization from the occupational structure of 

employment across regions and years. 

 

[Figure 9 about here] 

 

Figure 9 plots the information aggregated by country on both the HCI-index (Y-axis) and the 

probability of computerization (X-axis) on a graph. We observe a positive relationship with 

most countries (except Denmark and Greece) close to the trend line. This indicates that lifelong 

learning is indeed more concentrated among the high-educated in societies with more routinized 

jobs. 

When including the probability of computerization into the convenient regression (1) (Section 

2) we still find a significant negative relationship of -0.4 percentage points between the HCI-

index and economic growth. From this it is concluded that routinized jobs are an important 

predictor of HCI, however, it cannot explain the observed negative impact of restricted access 

of low-educated employees to adult education or training on growth. 

6.3 Cost of lifelong learning 

In this final subsection we explore the role of the costs of lifelong learning. Costs include 

(OECD, 2000, p.33): enrolment fees; travel costs; rental of facilities; cost to firms of wages 

paid and output lost during training; and foregone income of employees or foregone leisure 

time. It depends on the content of learning activities and modes of provision (e.g. formal 

providers vs. non-formal modes like distance learning and learning at the workplace); the 

duration of the learning activity; the abilities of trainees; and attitudes of the participants 

towards lifelong learning. It also depends on who pays for lifelong learning. Schuetze (2007) 

identifies six parties, ways or schemes for the payment of the costs of lifelong learning, namely: 

(1) pays-as-you-use scheme, which allocates the financial burden to the user; (2) costs allocated 

to the employer; (3) costs allocated to the government; (4) (para-)fiscal funds, which depend on 

                                                           
17 Using the occupational codes from the International Standard Classification of Occupations (ISCO) available 
in EU LFS. 
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social security contributions of employers and employees and state subsidies; (5) needs-based 

financial schemes (e.g. student loans); and (6) Individual Learning Accounts (ILA), which can 

be financed based on individuals’ savings and/or contributions from the state and/or employers. 

From theories on investment in human capital (Mincer, 1958; Becker, 1962), it is derived that 

disadvantaged groups perceive the costs associated with lifelong learning higher when they bear 

more of the financial burden (pays-as-you-use scheme), or when they suffer from substantial 

wage losses due to ceasing production during learning. Perceived costs can then be an important 

determinant that restrict access to lifelong learning. Further, the costs of lifelong learning are 

higher for employers when the costs from foregone production exceed the benefits of the 

learning activity.18 We investigate the role of these costs in relation to the level of HCI by 

looking at: (1) the percentage share of respondents that indicate “Main obstacle to participation 

in education and training: Cost” (Eurostat; [trng_aes_179]); and (2) the “Cost of CVT courses 

as % of total labour cost (all enterprises)” (Eurostat; [trng_cvts16]). The former variable is 

subtracted from the 2011-2016 Adult Education Survey, and the latter variable from the 2010 

Continuing Vocational Training Survey. In Figure 10, both of these costs variables are 

associated with the HCI-index. The lines in the plot represent the median costs, which is equal 

to 7.9 percent for the percentage share of respondents that indicate main barrier: “costs”, and 

1.5 percent for cost of CVT as % of total labour cost. With regard to the HCI-index, the median 

level of inequality is 0.25. Using these lines it is possible to discuss the quadrants of countries 

according to their shares of costs in association with the HCI-index. 

First, consider the left figure in Figure 10. Costs are an important barrier to participation in 

lifelong learning in three Southern European welfare states (Greece, Portugal, Italy and Spain 

close to the frontier of the median cost); three Conservative continental welfare states (Austria, 

Switzerland, and Belgium and France close to the frontier of the median cost); one Nordic 

country (Denmark); one Liberal welfare state (UK); three Post-socialist Balkan welfare states 

(Croatia, Romania, Slovenia), and two welfare states in Eastern Central Europe (Poland and 

Hungary). Except for Denmark, Nordic countries (Norway, Finland, Sweden) have smaller 

shares of respondents with the costs of lifelong learning as the main barrier. And contrary to 

other examples of welfare states, Germany, Bulgaria, and Czech Republic are far below the 

median cost. The explanation for Bulgaria is straightforward: it has very poor lifelong learning 

participations rates (<1%) and, consequently, only little observed inequality between low- and 

high-educated. 

In general it applies that countries with costs as an important barrier also have high inequality 

in access to lifelong learning between high- and low-educated. Denmark, the UK and 

Switzerland are remarkable exceptions to this general statement given the high perceived costs 

of lifelong learning in combination with low inequality. 

Next, consider the right figure in Figure 10. Employers indicate high costs of vocational 

training as a percentage share of the total labor costs for two Southern European welfare states 

(Spain and Portugal); three Conservative continental welfare states (Austria, Belgium and 

France); two Post-socialist welfare states (Romania and Slovenia close to the frontier of the 

median cost); one welfare state in Eastern Central Europe (Hungary); and three Nordic 

                                                           
18 This particularly holds when government subsidies, to meet the needs of lifelong learning at the workplace, 
are rather limited. 
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countries (Finland, Sweden and Denmark). Denmark catches the eye again with its relatively 

high costs of CVT in combination with low inequality. 

Belgium and France are front-runners on high costs of lifelong learning for employers. This 

puts more financial stress on the employer for the organization of learning activities at the 

workplace and during working hours, and may eventually lead to a shift of the costs from the 

employer to the employee. It may explain why both countries underperform on inequality in 

access to lifelong learning between low- and high-educated. 

To conclude, we include the variable ‘percentage share with main barrier costs’ into the 

convenient regression (1) (Section 2). The estimated coefficient on the HCI-index slightly drops 

from -0.42 to -0.29 percentage points and remains significant at 5 percent level. Further, 

additionally including the variable costs of CVT courses as % of total labour costs into the 

convenient regression (1) (Section 2) slightly increases the estimated coefficient again to -3.3 

percentage points significant at 1 percent level. From these findings it is argued that costs 

altogether can explain about 0.1 percentage point of the total negative impact of the HCI-index 

on growth. 

7 Conclusion 

Countries, that concentrate lifelong learning among the high-educated, restrict the possible 

channels to impact growth. The results of this paper indicate that restrictions in the access to 

adult education or training for disadvantaged groups in the population also limit a country’s full 

potential to grow. This has important implications. Capital intensive firms have accelerated 

investments in R&D owing to the financial crisis, the European Commission promotes the 

implementation of the Innovation Pact, and several countries increased intramural investments 

in R&D, accordingly. Lifelong learning increasingly has become a recognized EU-28 education 

priority in response to fast-paced technological transformations. It appears that overall lifelong 

learning participation rates are positively associated with investments in R&D. However, high-

educated skilled workers are generally short in supply, and it is questionable whether it is 

desirable to increase the demand for high-educated skilled workers, through increased R&D, 

without first addressing the lack of provision of education or training to the adult population 

(Griffith, Sandler and Van Reenen, 1996). The results indicate that inequalities in access to 

lifelong learning are strongly embedded in (the regional structures of) a country, that they are 

not easy to overcome in the short run, and that they pose severe restrictions on the overall 

participation rates in lifelong learning. Further research should explore the determinants of the 

regional differences in unequal access to lifelong learning in order to increase the participation 

rates associated with it. 

From our findings, we retrieve five policy recommendations. First, low-educated persons are 

more likely to perform in a routinized job. Under the assumption that routinized jobs are less in 

need of lifelong learning, low-educated are at high risk of exclusion of education or training 

opportunities in the workplace. Here, policy measures could focus on upward labor market 

mobility with focus on disadvantaged groups. Second, policy measures or company actions 

could revise common use of routinized modes of production. Innovative production processes 

clearly remedy inequality between social groups and unequal power relations at the workplace. 

Third, a well-developed financial system for subsidizing the costs of lifelong learning can 

flatten the impact of inequality on growth, however, will not help to overcome the problem of 
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lack of access for low-educated persons. The costs of lifelong learning only have a small share 

in the barriers to participation in lifelong learning. Instead, one needs to focus on the interaction 

between modes of production, the labor costs associated with it, and educational attainment of 

the employee: employers will invest less in employees when they are low-educated, when they 

perform in routinized jobs, and when investment in education is relatively expensive for the 

employer. Fourth, instead of remedy the influence of inequality on growth, policy measures or 

interventions can prevent youngsters from leaving education low-educated. In this respect, we 

argue for more actions towards tackling early school leaving. And fifth, a culture of lifelong 

learning should already be acquired in early stages of secondary education, as to leave education 

with the attitudes needed to keep on learning during the career. Dual tracks or dual systems 

could help to acquire this lifelong learning culture. However, more research is needed on its 

effectiveness in terms of prospects and education opportunities on the labor market. 
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9 Tables and figures 

 

Figure 4: Empirical framework 

 
Source: From the authors. 

 

 

Figure 5: Interpretation of the concentration indices by using the distribution of labor earnings 

 

Source: Own representation from the authors. 
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Figure 6: The Relationship between Economic Growth and the Income Inequality Index (II-

index; left figure) and the Human Capital Inequality index (HCI-index; right figure) 

  
Source: Own computations based on EU LFS 2011-2016. 

 

 

Figure 7: Relationship between R&D(1) and lifelong learning 

participation rates 

 
Source: Own computations based on EU LFS 2011-2016. The 

line (- - -) presents a linear trend of the relationship between 

R&D and the lifelong learning participation rates. Note 1: R&D 

denotes intramural R&D expenditure (GERD) as a percentage 

of GDP. 
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Figure 8: Relationship between R&D(1) and predicted lifelong 

learning participation rates based on formal initial educational 

attainment 

 

Source: Own computations based on EU LFS 2011-2016. The 

line (- - -) presents a linear trend of the relationship between 

R&D and the unpredicted lifelong learning participation rates 

(Figure 7). Note 1: R&D denotes intramural R&D expenditure 

(GERD) as a percentage of GDP. 

 

Figure 9: Relationship between the probability of 

computerization of jobs within a country and the HCI-index 

 

Source: Own computation of Pr(Computerization) based on 

Frey and Osborne (2017) and using pooled EU LFS data 

2011-2016. 
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Figure 10: The cost of lifelong learning from the perspective of the participant (left figure) and 

from the perspective of the employer (right figure) and its relationship with the HCI-index 

  
Source: Own computations based on EU LFS 2011-2016 and Eurostat ([trng_aes_179]; 

[trng_cvts16]). Notes: The left figure excludes Ireland owing to missing observation on the cost 

variable, while the right figure excludes Switzerland, Germany, Ireland and Slovak Republic. 
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Table 12: Full Model Estimates of the Income Inequality Index (II-index) 

 Model 1  Model 2  Model 3  
log(Initial per capita GDP) -0.0109 *** -0.0024  -0.0059  

 (0.0036)  (0.0037)  (0.0039)  
Initial Years of Schooling 0.0046 *** 0.0010  0.0031 * 

 (0.0008)  (0.0013)  (0.0012)  
Participation rates 0.0167      

 (0.0207)      
Instrumented participation rates   0.0432  -0.0011  

   (0.0263)  (0.0231)  
II-index 0.0008      

 (0.0011)      
Instrumented II-index   0.0004  -0.0020  

   (0.0013)  (0.0014)  
Openness -0.0109  0.0184 *** -0.1128  

 (0.1032)  (0.0055)  (0.1108)  
Openness*log(GDP) 0.0002  -0.0019 *** 0.0039  

 (0.0042)  (0.0006)  (0.0045)  
Inflation 0.0081 *** 0.0098 *** 0.0108 *** 

 (0.0020)  (0.0013)  (0.0013)  
log(IP rights) 0.0001  -0.0059 *** -0.0051 ** 

 (0.0023)  (0.0021)  (0.0024)  
log(fertility) 0.0187 * 0.0077  0.0133  

 (0.0100)  (0.0110)  (0.0111)  
Specification OLS  IV  IV&DS²  
Observations 963  761  761  
Regions 194  194  194  
Countries 20  20  20  

Note 1: Stars denote significance level at 10 percent (*); 5 percent (**); and 1 percent (***). 

Robust standard error between brackets. Note 2: Instruments are (Model 3): lagged first 

differences for participation rates in levels and the fourth lag for participation rates in first 

differences. Note 2: Demographic standardization of the II-index applied. 
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Table 13: Full Model Estimates of the Human Capital Inequality Index (HCI-index) 

 Model 1  Model 2  Model 3  
log(Initial per capita GDP) -0.0111 *** -0.0074 ** -0.0078 ** 

 (0.0033)  (0.0036)  (0.0036)  
Initial Years of Schooling 0.0041 *** 0.0020 * 0.0021 * 

 (0.0008)  (0.0011)  (0.0011)  
Participation rates 0.0080      

 (0.0208)      
Instrumented participation rates   -0.0050  -0.0030  

   (0.0217)  (0.0216)  
HCI-index -0.0043 ***     

 (0.0011)      
Instrumented HCI-index   -0.0036 *** -0.0042 *** 

   (0.0012)  (0.0012)  
Openness -0.0268  0.0219  0.0121  

 (0.0690)  (0.0935)  (0.0935)  
Openness*log(GDP) 0.0009  -0.0015  -0.0011  

 (0.0028)  (0.0038)  (0.0038)  
Inflation 0.0087 *** 0.0096 *** 0.0097 *** 

 (0.0017)  (0.0011)  (0.0011)  
log(IP rights) 0.0001  -0.0022  -0.0023  

 (0.0017)  (0.0021)  (0.0021)  
log(fertility) 0.0187 ** 0.0111  0.0105  

 (0.0087)  (0.0104)  (0.0104)  
Specification OLS  IV²  IV&DS2,3  
Observations 1048  837  837  
Regions 211  211  211  
Countries 23  23  23  

Note 1: Stars denote significance level at 10 percent (*); 5 percent (**); and 1 percent (***). 

Robust standard error between brackets. Note 2: Instruments are (Model 3): lagged first differences 

for participation rates in levels and the fourth lag for participation rates in first differences. Note 3: 

Demographic standardization of the HCI-index applied. 
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Table 14: Robustness Analysis using Country Fixed Effects and Additional Control Variables 

  Model A   Model B   Model C   Model D   

Instrumented II-index 0.0010  0.0010  0.0012  0.0008  
  (0.0013)   (0.0013)   (0.0013)   (0.0014)   

Observations 761  761  761  696  
Regions 192  192  192  176  
Countries 20  20  20  18  

Instrumented HCI-index -0.0032 ** -0.0032 ** -0.0033 *** -0.0039 *** 

  (0.0012)   (0.0012)   (0.0012)   (0.0014)   

Observations 837  837  837  739  
Regions 211  211  211  185  
Countries 23  23  23  19  
Control variables (regional) No        

  Age structure, divorce rate   Yes  Yes  Yes  
  Dismissal rate; Contract type;  
  Hours at work; Employment rate 

    Yes 
 

Yes 
 

Control variables (national)         
  Share in vocational programs; tracking;  
  Public expenditure on education;  
  Compulsory education; 

     
 

Yes 
 

Note 1: All models control for openness; openness*log(GDP); inflation rate; log(IP rights); 

log(fertility). Norway (7 regions) and Switzerland (7 regions) drop from Model 4 owing to missing 

information on public expenditure on education. Variables ‘Tracking’ and ‘Compulsory education’ drop 

from analysis in Model 4 owing to multicollinearity with the country fixed effects. Stars denote 

significance level at 10 percent (*); 5 percent (**); and 1 percent (***). Robust standard error between 

brackets. Note 2: Instruments are: lagged first differences for equations in levels and the fourth lag for 

equations in first differences. 
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Appendix A 

Table A1: Descriptive Statistics on Regional Level Information 

  Nr of 
Participation rates 
Population 25-64 

Participation rates  
Employees 25-64 

Human Capital 
Inequality index 

Income  
Inequality index 

Years of  
schooling 

Per capita  
GDP 

GDP  
growth rates 

Country Regions Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 

Austria 3 0.1403 0.0119 0.1473 0.0122 0.2677 0.0144 0.0730 0.0200 11.8 0.3 38,028 3,351 0.0231 0.0141 

Belgium 11 0.0702 0.0194 0.0686 0.0199 0.2829 0.0456 0.1474 0.0542 11.5 0.5 34,211 11,165 0.0175 0.0168 

Bulgaria 6 0.0173 0.0087 0.0098 0.0068 0.1455 0.2005 0.2193 0.1342 11.5 0.5 5,331 2,104 0.0470 0.0373 

Croatia 2 0.0281 0.0031 0.0217 0.0054 0.3009 0.0935 0.2049 0.1458 11.7 0.2 10,300 362 0.0089 0.0232 

Czech Republic 8 0.0986 0.0201 0.1237 0.0268 0.2254 0.0736 0.1685 0.0557 12.2 0.4 15,650 6,531 0.0201 0.0405 

Denmark 5 0.3013 0.0306 0.3054 0.0319 0.1113 0.0231 0.0248 0.0166 11.7 0.4 42,707 9,170 0.0190 0.0126 

Finland 5 0.2529 0.0265 0.2746 0.0285 0.1569 0.0342 0.0828 0.0448 12.3 0.3 38,670 7,736 0.0209 0.0245 

France 22 0.1398 0.0630 0.1651 0.0776 0.2408 0.0644 0.1383 0.0649 11.3 0.5 28,328 5,985 0.0137 0.0178 

Germany 16 0.0818 0.0127 0.0800 0.0111 0.2297 0.0590 0.0806 0.0578 12.1 0.3 34,427 9,269 0.0294 0.0139 

Greece 13 0.0255 0.0115 0.0203 0.0133 0.4207 0.1340 0.1972 0.1700 10.4 0.6 14,524 3,101 -0.0368 0.0379 

Hungary 7 0.0399 0.0199 0.0432 0.0271 0.2312 0.1287 0.1556 0.0665 11.5 0.4 9,402 3,503 0.0341 0.0319 

Ireland 2 0.0654 0.0105 0.0540 0.0092 0.2509 0.0202 0.0811 0.0388 11.7 0.4 38,917 16,915 0.0616 0.1100 

Italy 21 0.0741 0.0189 0.0735 0.0239 0.3450 0.0608 0.1674 0.0471 10.0 0.5 26,651 7,082 0.0056 0.0217 

Norway 7 0.1968 0.0147 0.2026 0.0170 0.1551 0.0458   12.1 0.3 55,038 11,493 0.0096 0.0428 

Poland 16 0.0371 0.0114 0.0425 0.0141 0.3773 0.0576 0.2074 0.0639 12.1 0.2 9,545 2,387 0.0270 0.0228 

Portugal 7 0.0924 0.0178 0.0893 0.0181 0.3694 0.0589 0.2683 0.0543 8.9 0.7 16,445 2,893 0.0110 0.0345 

Romania 8 0.0218 0.0227 0.0113 0.0076 0.2885 0.1496 0.1453 0.1129 11.0 0.6 7,690 4,034 0.0523 0.0469 

Slovak Republic 4 0.0385 0.0210 0.0394 0.0219 0.2552 0.0757 0.2167 0.0793 12.2 0.4 16,958 10,173 0.0306 0.0196 

Slovenia 2 0.1135 0.0198 0.1445 0.0238 0.0236 0.009 0.1649 0.0191 12.0 0.3 18,840 2,491 0.0185 0.0233 

Spain 19 0.1064 0.0163 0.1146 0.0190 0.3371 0.0668 0.1686 0.0630 10.3 0.7 21,946 4,527 0.0034 0.0280 

Sweden 8 0.2700 0.0287 0.2574 0.0316 0.1761 0.0232   12.1 0.3 42,683 8,101 0.0251 0.0331 

Switzerland 7 0.2921 0.0397 0.3236 0.0383 0.1915 0.0287 0.1298 0.0288 12.3 0.3 69,795 10,441 0.0046 0.0117 

United Kingdom 12 0.1543 0.0224 0.1597 0.0225 0.1792 0.0347 0.0936 0.0364 11.8 0.4 31,476 9,652 0.0394 0.0789 
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(Table A1 – Sequel) 

  Nr of 
Age  

structure(1) Divorce rate(1) 
Temporary 
contracts(1) 

Working  
hours(1) 

Employment  
rate(1) 

R&D  
(%GDP)(2) 

Country Regions Mean Std.dev Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 

Austria 3 41.6 0.8 0.1327 0.0315 0.0322 0.0020 37.5 0.5 0.7514 0.0224 0.0263 0.0090 

Belgium 11 40.3 1.5 0.1509 0.0371 0.0397 0.0091 34.3 1.2 0.7047 0.0545 0.0236 0.0194 

Bulgaria 6 43.0 1.3 0.2940 0.0585 0.0267 0.0116 40.6 0.7 0.6657 0.0469 0.0045 0.0040 

Croatia 2 42.1 0.7 0.2164 0.0316 0.0751 0.0199 40.1 0.4 0.6193 0.0160 0.0068 0.0035 

Czech Republic 8 41.0 0.6 0.1542 0.0437 0.0458 0.0138 41.0 0.6 0.7662 0.0360 0.0162 0.0075 

Denmark 5 40.8 1.2 0.2522 0.0299 0.0458 0.0123 36.0 0.4 0.7723 0.0142 0.0234 0.0132 

Finland 5 42.9 3.0 0.1571 0.0662 0.0810 0.0162 37.8 0.7 0.7714 0.0620 0.0256 0.0126 

France 22 41.1 2.0 0.1734 0.0429 0.0751 0.0096 37.7 0.9 0.7110 0.0337 0.0175 0.0097 

Germany 16 44.3 1.5 0.2489 0.0570 0.0633 0.0082 36.1 0.9 0.7780 0.0273 0.0234 0.0080 

Greece 13 43.1 1.6 0.2280 0.0805 0.0467 0.0239 42.9 1.4 0.5851 0.0370 0.0070 0.0033 

Hungary 7 41.4 0.8 0.2570 0.0554 0.0615 0.0286 38.2 1.7 0.6737 0.0562 0.0101 0.0044 

Ireland 2 36.4 0.5 0.3646 0.0769 0.0382 0.0038 31.8 1.6 0.6745 0.0304 0.0158 0.0008 

Italy 21 43.9 1.7 0.3169 0.0762 0.0590 0.0108 37.0 0.6 0.6424 0.1020 0.0110 0.0044 

Norway 7 41.7 2.9 0.1357 0.0551 0.0445 0.0084 35.2 0.5 0.8061 0.0202 0.0205 0.0129 

Poland 16 40.3 1.0 0.2361 0.0279 0.1283 0.0195 41.1 0.8 0.6817 0.0333 0.0070 0.0041 

Portugal 7 41.9 2.4 0.3228 0.0543 0.1127 0.0218 39.8 1.1 0.7029 0.0297 0.0085 0.0054 

Romania 8 40.7 0.9 0.2091 0.0495 0.0055 0.0039 35.3 2.7 0.6801 0.0478 0.0036 0.0024 

Slovak Republic 4 39.1 1.4 0.2589 0.0477 0.0390 0.0202 40.7 1.1 0.7107 0.0540 0.0091 0.0047 

Slovenia 2 41.7 0.6 0.1188 0.0053 0.0787 0.0033 40.2 0.2 0.7112 0.0248 0.0234 0.0053 

Spain 19 41.2 2.9 0.2095 0.0744 0.1174 0.0205 36.4 1.0 0.6333 0.0628 0.0095 0.0053 

Sweden 8 44.1 1.0 0.2030 0.0277 0.0822 0.0065 37.7 0.2 0.8248 0.0156 0.0265 0.0126 

Switzerland 7 47.5 1.0 0.1665 0.0307 0.0459 0.0099 35.7 0.5 0.8255 0.0325   
United Kingdom 12 39.7 1.5 0.1830 0.0332 0.0265 0.0038 37.0 0.6 0.7616 0.0280 0.0153 0.0064 

Notes: (1) Own computations based on EU LFS microdata and using weights. The human capital inequality index measures the unequal access to lifelong learning by 

educational attainment. (2) Source: Eurostat database. (3) Source: Own computations based on World Bank. (4) Source: World Bank. 
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Table A2: Descriptive Statistics on Country Level Information 

  Openness(3) Inflation rate(4) Patents EPO(2) Fertility rate(4) 

Country Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. Mean Std.Dev. 

Austria 1.120 0.003 0.0186 0.0046 1,936 91 1.5 0.0 

Belgium 1.058 0.002 0.0140 0.0050 1,541 25 1.8 0.0 

Bulgaria 1.156 0.002 0.0196 0.0210 45 14 1.5 0.0 

Croatia 0.676 0.003 0.0067 0.0077 16 3 1.5 0.0 

Czech Republic 1.161 0.070 0.0130 0.0073 264 32 1.5 0.0 

Denmark 0.655 0.002 0.0093 0.0074 1,396 51 1.7 0.0 

Finland 0.608 0.002 0.0212 0.0068 1,783 254 1.8 0.0 

France 1.088 0.055 0.0082 0.0027 9,094 180 2.0 0.0 

Germany 0.832 0.264 0.0162 0.0034 21,152 1,110 1.5 0.1 

Greece 0.676 0.002 -0.0096 0.0102 112 17 1.3 0.0 

Hungary 0.916 0.281 0.0247 0.0088 223 10 1.4 0.1 

Ireland 1.237 0.005 0.0161 0.0280 339 19 2.0 0.0 

Italy 0.865 0.159 0.0111 0.0026 4,268 93 1.4 0.0 

Norway 1.010 0.074 0.0151 0.0317 488 21 1.8 0.1 

Poland 0.916 0.196 0.0126 0.0113 579 127 1.3 0.0 

Portugal 0.734 0.001 0.0097 0.0105 126 10 1.3 0.0 

Romania 0.868 0.175 0.0322 0.0119 98 29 1.5 0.0 

Slovak Republic 1.131 0.005 0.0045 0.0080 52 3 1.4 0.0 

Slovenia 1.503 0.000 0.0097 0.0036 130.9 10.83 1.6 0.0 

Spain 0.628 0.023 0.0019 0.0026 1,507 13 1.3 0.0 

Sweden 1.107 0.020 0.0146 0.0039 3,296 290 1.9 0.0 

Switzerland 1.131 0.094 -0.0027 0.0037 3,258 18 1.5 0.0 

United Kingdom 0.661 0.003 0.0161 0.0054 5,383 25 1.8 0.0 

Notes: (1) Own computations based on EU LFS microdata and using weights. The inequality index measures the unequal access to lifelong learning by educational 

attainment. (2) Source: Eurostat database. (3) Source: Own computations based on World Bank. (4) Source: World Bank. 

 





 

 


