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Abstract

Educational mismatch in the labour market generates measurable economic losses through underutilised
human capital, wage penalties for overeducated workers, and an inefficient allocation of resources
invested in education, making its analysis particularly relevant in sectors affected by the green transition.
This paper examines the extent and structure of overeducation in green industries across Central and
Eastern European countries (Croatia, Czechia, Hungary, Latvia, Lithuania, Poland, and the Slovak
Republic), using microdata from the second cycle of the Programme for the International Assessment of
Adult Competencies (PIAAC). Green industries are identified by combining the Eurostat Environmental
Goods and Services Sector (EGSS) methodology with the Cedefop (2019) analytical framework, mapped
onto two-digit NACE Rev. 2 industry classifications. Two complementary and conceptually distinct
measures of overeducation are applied: a subjective measure, based on workers' self-assessment of the
education required for their job, and an objective (modal) measure, based on the statistical distribution
of educational attainment within occupations. The results reveal a pronounced methodological
asymmetry: subjective overeducation rates in green industries do not differ significantly from those in
other industries, whereas objective overeducation rates are significantly lower in green industries than in
other industries. The findings indicate that conclusions about the prevalence of overeducation in green
industries depend on the measure applied and should be interpreted with caution, particularly given the
broad sector-level definition of green industries used here.
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1. INTRODUCTION

Educational mismatch, and particularly the overeducation of workers, is one of the most persistent
and well-documented phenomena in contemporary labour markets. Workers whose level of
education exceeds the formal requirements of their workplace generally earn lower wages than
adequately employed workers with the same level of education but still earn higher wages than
workers with a lower level of education in the same jobs. Hartog (2000), reviewing evidence from
several countries, finds that overeducated workers generally receive positive returns to their
additional years of schooling, but these returns are lower than the returns to the level of education
required for their jobs. The findings therefore indicate a wage disadvantage associated with
overeducation relative to adequately matched workers, although its magnitude varies across studies
and countries. Although this is a well-researched problem in the context of developed labour
markets, its connection with processes of structural transformation of the economy, and in particular
with the green transition, remains relatively under researched and fragmented (Vona et al., 2018;
Consoli et al.,, 2016).

This paper seeks to contribute to the literature on the relationship between the rapid
structural changes generated by the green transition and the slow adaptation of education systems,
qualification frameworks, and institutional classifications of occupations. The green transition,
understood as a systematic process of decarbonising the economy in line with the goals of the
European Green Deal (European Commission, 2019), not only changes the energy mix and
technological systems but also reshapes the structure of labour demand. Similar structural changes
are also evident in the digital transformation of labour markets, particularly in the emergence of
digital labour platforms and new forms of work, which alter the characteristics and potential
composition of the workforce (Vojini¢ et al., 2026). Cedefop (2019) identifies three channels through
which this change occurs: the emergence of entirely new green occupations; the ‘greening’ of
existing occupations through the addition of green competences; and the gradual obsolescence of
occupations linked to the ‘brown’ economy based on fossil fuels. Under these conditions of
accelerated structural transformation, formal occupational classifications may not fully reflect
changes in the competency content of jobs, as indicated by signalling theory (Spence, 1973) and
search-and-matching models in the labour market (Mortensen & Pissarides, 1994), creating fertile
ground for the emergence and deepening of educational mismatches.

Over-education represents a loss for the economy on several levels: for individuals, it means
a lower rate of return on investment in education and wages below their potential (Hartog, 2000);
for employers, it implies unused human capital; and for the economy as a whole, it reflects an
inefficient allocation of public and private funds invested in higher education. In the context of the
green transition, this problem becomes even more pressing if countries are simultaneously
undergoing an energy transition that requires significant investment and may face a shortage of
workers with adequate technical green competences (Garcia-Quevedo et al., 2026). These
transformations occur alongside other profound changes in the organisation of work, including the
expansion of platform work across labour markets in Central and Eastern Europe (Vojini¢ & Beci¢,
2024). Evidence from a Flash Eurobarometer survey of European SMEs indicates that firms have
considerable difficulty finding workers with the skills required for the green transition, mainly
workers with secondary and vocational education, whereas no significant difficulties were found for
workers with higher-education degrees; reported shortages are more frequent in countries lagging
behind in eco-innovation than in eco-innovation leaders (Garcia-Quevedo et al., 2026). Shortages of
workers with specific vocational skills may therefore coexist with overeducation among workers with
higher education, indicating a misallocation of educational investment relative to the skills required
for the green transition.

The aim of this research is to examine the extent of overeducation across industries in Central
and Eastern European countries and to compare green industries with other industries. Emphasis is
placed on comparing two conceptually distinct measures of mismatch, in line with Leuven and
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Oosterbeek (2011), to assess whether conclusions about green industries depend on how
overeducation is measured. The study addresses following research questions:

RQ1: Does the prevalence of overeducation differ between green and other industries?

RQ2: How does the measurement approach affect the estimated incidence of overeducation in green
and other industries?

The research is based on microdata from the second cycle of the Programme for the
International Assessment of Adult Competencies (PIAAC; OECD, 2024), which provides harmonised
data suitable for comparative research on mismatch in the CEE context.

2. CONCEPTUAL FRAMEWORK

Educational mismatch appears in the literature in two forms: overeducation, where a worker has a
higher level of education than required for the job, and undereducation, which refers to the opposite
situation (Freeman, 1976). The theoretical explanation of overeducation is primarily based on human
capital theory (Becker, 1964; Mincer, 1974), which holds that education increases workers’
productivity and thus their market value. However, human capital theory assumes a balance
between the supply and demand for skills, so educational mismatch within this framework remains
an anomaly. A broader explanation is provided by signalling theory (Spence, 1973), which suggests
that education does not necessarily increase productivity but primarily serves as a signal to
employers about workers’ unobservable characteristics. In this context, credential inflation,
particularly relevant in fast-growing sectors where occupational profiles are still developing, may
lead to structural changes, as certification institutions lag behind actual changes in the content of
work.

A complementary theoretical framework is provided by the job search and matching model|,
developed in the tradition of Mortensen and Pissarides (1994). This approach highlights that labour
market frictions, information asymmetry, job heterogeneity, and search costs, are a source of both
temporary and persistent mismatches. In the context of the green transition, the model is particularly
relevant, as it predicts that sectors undergoing accelerated structural transformation will experience
increased market frictions, since neither workers nor employers have reliable information about
which skill profiles will be relevant in the long term.

The literature distinguishes formal overeducation, where a worker's education exceeds the
requirements of the job, from overskilling, where the worker's skills exceed those requirements; the
two do not necessarily coincide (Allen & van der Velden, 2001; Green & Zhu, 2010). This distinction is
relevant in the context of the green transition, where formal education may not fully capture
technical and sector-specific competences. Studies based on US data indicate that green skills are
mainly engineering and managerial skills (Vona et al., 2018) and that green occupations require
higher levels of formal education, experience and training than comparable non-green occupations
(Consoli et al., 2016), although most green employment consists of jobs whose tasks change little
(Bowen et al.,, 2018). The implications for overeducation are not clear-cut. Where the supply of
educated workers is large relative to the number of jobs requiring their level of education, job
competition theory (Thurow, 1975) predicts that workers will be pushed into jobs below their
qualifications, which would raise overeducation. Where the supply of specific green profiles lags
behind demand, by contrast, the more likely outcome is shortages or a mismatch in the field of study
rather than overeducation. Whether green industries exhibit higher or lower overeducation than
other industries is therefore an empirical question, which the present study addresses.

The empirical literature on overeducation is extensive and methodologically diverse, but the
basic finding consistently reported is that overeducation is a permanent and widespread
phenomenon in developed labour markets (Duncan & Hoffman, 1981; Verdugo & Verdugo, 1989).
This phenomenon cannot be explained solely as a temporary friction on the way to equilibrium
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pairing, longitudinal studies record its persistence throughout work experience, with workers who
enter a state of overeducation being statistically significantly less likely to exit it (Baert et al., 2013;
Groeneveld & Hartog, 2004). Estimates of the proportion of overeducated workers range depending
on the measure used and the country examined (McGuinness, 2006; Leuven & Oosterbeek, 2011;
Becic, 2025).

The methodological discussion on the operationalisation of mismatches directly affects the
estimated level of overeducation. In the literature, three dominant approaches to measuring
educational mismatch are established: the subjective method, the modal (or realized) method, and
the normative method. Each of them rests on different assumptions about what constitutes an
"appropriate" level of education for a particular job, thus actually measuring different aspects of the
same phenomenon (Capsada-Munsech, 2017). The normative approach, which relies on external
classifications of occupational requirements such as ISCO standards, usually produces more
conservative estimates. The statistical approaches derive the required level from the observed
distribution of education within occupations, using either the mean plus or minus one standard
deviation (Verdugo and Verdugo, 1989) or the mode (Kiker et al., 1997). The resulting rates depend
strongly on the exact rule applied, the level of educational and occupational detail, and the country,
and a stricter threshold yields lower rates than a looser one. The subjective approach, which uses
workers' self-assessment, gives the highest estimates (Sicherman, 1991; Mavromaras et al.,, 2013). A
literature review by Leuven and Oosterbeek (2011), confirms that the choice of measure of mismatch
is itself a source of variability in findings and recommends triangulation of approaches as the
standard of robustness, a recommendation that serves as a methodological guide for this study as
well.

The distribution of overeducation across sectors and occupations is not uniform and is
theoretically significant. Sectors and occupations may differ in the incidence and nature of
educational mismatch, particularly where the content of work and the skills used in jobs are
changing. Green and Zhu (2010), for example, distinguish between formal overqualification and
overqualification accompanied by skill underutilisation, while Autor, Levy and Murnane (2003)
document substantial changes in the task content of occupations associated with technological
change. This provides a possible reason to examine whether educational mismatch differs in green
industries, which are an example of accelerated structural transformation.

The literature directly linking educational mismatch and the green transition is relatively new
and remains fragmented, highlighting the research gap this paper aims to address. Most existing
studies on work and the green transition focus on employment levels, wages, and occupational
demand, rather than on the dimension of educational adequacy. Vona et al. (2018) show that the
demand associated with the green transition is particularly strong for specific technical and
engineering skills. This suggests that formal educational attainment alone may not fully capture the
specific skill profiles demanded in some green activities.

Consoli et al. (2016) show that green occupations are characterised by higher levels of formal
education, work experience, on-the-job training, and high-level cognitive and interpersonal skills
than comparable non-green occupations. Although their study focuses on the skills and human
capital characteristics of green occupations, its findings have broader implications for the green
economy, suggesting that green jobs may require more specialised combinations of skills than are
typically captured by formal educational qualifications.

Recent survey evidence points to difficulties in finding workers with the skills needed for the
green transition. In a Flash Eurobarometer survey of European SMEs, firms reported considerable
difficulty in finding the required skills, concentrated among workers with secondary and vocational
education rather than among those with higher-education degrees (Garcia-Quevedo et al., 2026).
Such shortages could, in principle, coexist with workers whose qualifications do not correspond
closely to the requirements of their jobs, but the existing evidence does not establish whether this
takes the form of overeducation.
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For research on overeducation in specific sectors, such as green industries, methodological
sensitivity is particularly important. Green industries may be characterised by changing competency
requirements, although the evidence on the extent of this change is mixed. Analyses of US
occupational data suggest that most green employment consists of jobs whose tasks and skills
change little (Bowen et al., 2018), while difficulties in defining and measuring green skills (Cedefop,
2019) complicate the anticipation of skill needs. The choice of measure affects the estimated
incidence of overeducation (Groot & Maassen van den Brink, 2000; Leuven & Oosterbeek, 2011);
therefore, comparing several measures is particularly informative in this context.

3. METHODOLOGY

The empirical analysis of educational mismatch in this study uses two established operationalisation
approaches to overeducation applied to microdata from the Programme for the International
Assessment of Adult Competencies (PIAAC), second cycle (OECD, 2024). PIAAC provides harmonised
individual-level data on educational attainment, occupational classification, and self-assessed job
requirements across participating countries, making it particularly suitable for comparative
mismatch research in the CEE context (Pellizzari & Fichen, 2017). All estimates are weighted using the
final person weights provided in the PIAAC dataset to ensure population representativeness.

The first measure applied is the subjective method, operationalised through the PIAAC item
that asks respondents to indicate the level of education they consider necessary to obtain their
current job. Educational mismatch is defined as the discrepancy between the respondent's actual
level of educational attainment and the level they report as required for job entry. A respondent is
classified as overeducated if their actual educational level exceeds the self-reported requirement.
The principal advantage of this approach is its direct capture of the worker's perception of adequacy,
without reliance on external occupational classifications or sample-derived norms. However, the
subjective method is susceptible to well-documented cognitive biases: respondents tend to adapt
their perception of required qualifications to their own educational status, a phenomenon known as
rationalisation bias, and cultural and institutional contexts may independently shape responses in
ways unrelated to actual job demands (Sicherman, 1991; Allen & van der Velden, 2001).
Overeducation is defined as a binary variable:

OESUb = {1 if E; > E;
' 0 otherwise

Where Ei is the actual level of education of the worker, and Ereq is the level of education that
the worker estimates is necessary to perform the current job. The questions from PIAAC used are:
“What is the highest level of education you have achieved?” and, assuming a hypothetical situation
in which someone were to be hired in their place, “What level of formal education is required to get
your job?". The respondents’ levels of education, as stated in response to these two questions, were
compared, and subjective overeducation was identified when the level indicated in the second
question was lower than the level of education obtained.

The second measure is the objective method based on the modal level of education within
an occupation, proposed by Kiker et al. (1997), who built on the statistical approach of Verdugo and
Verdugo (1989), in which required education is derived from the observed distribution of attainment
within occupations. In this approach, the required level of education for each occupation is
determined empirically as the modal educational level observed among workers within the same
two-digit I1SCO-08 occupational category. A worker is classified as overeducated when their
educational attainment exceeds the occupational modal level. The modal method therefore derives
educational requirements from the observed distribution of educational attainment within
occupations rather than from formally prescribed or individually perceived requirements. Its main
limitation is its sensitivity to sample composition, as reliable estimation of the occupational mode
requires a sufficient number of observations within each occupational category (Leuven &
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Oosterbeek, 2011). In the present study, this limitation is partly addressed by pooling observations
across Czechia, Hungary, Latvia, Poland, and the Slovak Republic, which increases the number of
observations available for estimating occupational education modes. Occupational modes are
estimated from this pooled sample and applied to workers in the same five countries. The modal
measure could not be estimated for Croatia and Lithuania because the data file used contains no
information on respondents' current occupation (ISCO-08) for these two countries, which is required
to determine the modal level of education within occupations. These two countries are therefore
excluded from all analyses based on the modal measure. The modal level of education for each ISCO-
08 category is defined as follows:

E, = Mo(E; | occ; = 0)
where Mo is the statistical mode of distribution of the educational levels of all workers employed in
the occupation o. For each occupation, overeducation is then defined as:

OEl_rnOd — {1 if Ei > EO

0 otherwise
The required level for each two-digit ISCO-08 occupation is the modal educational level
among its workers, and a worker is classified as overeducated if their attainment exceeds it. The mode
suits an ordinal variable: unlike the mean-based approach of Verdugo and Verdugo (1989), it does
not assume equidistant categories and is unaffected by the tails of the distribution. To increase the
number of observations per occupation, modes are estimated from the pooled sample of Czechia,
Hungary, Latvia, Poland, and the Slovak Republic and applied to workers in the same five countries.
The measure captures attainment relative to the prevailing level within an occupation, not the
requirements of individual jobs, and may miss mismatch arising from differences in job content
within an occupation. Results are therefore sensitive to the occupational classification, the level of

aggregation, and the educational categories used (Leuven & Oosterbeek, 2011).

The parallel use of both measures reflects the methodological recommendation for
triangulation established in the mismatch literature (Leuven & Oosterbeek, 2011; Capsada-Munsech,
2017). As the two methods capture conceptually distinct dimensions of the same phenomenon,
perceived adequacy versus statistical deviation from occupational norms, their divergence is
analytically informative. The analysis therefore examines whether the gap between subjective and
modal estimates differs between green and other industries, a question of interest because
competency requirements in green industries may change faster than formal occupational
categories. Both measures of educational mismatch, subjective and modal, were first calculated
separately for each of the CEE countries included in the analysis, in order to capture cross-country
heterogeneity in the extent of mismatch prior to any sectoral disaggregation. For each country, all
estimates and standard errors were computed with the Complex Samples procedures in IBM SPSS
Statistics, using the final person weights to ensure nationally representative results.

The concepts of green industries and green occupations are not standardised in either the
academic literature or policy documents, making an explicit operational definition necessary. At the
most general level, UNEP (2011) defines the green economy as one that improves human well-being
and social equity while significantly reducing environmental risks and ecological scarcities. Owing to
its breadth, however, this definition cannot be applied directly to identify industries or occupations
in empirical labour-market analysis. The present study therefore draws on two complementary
European frameworks: the Eurostat Environmental Goods and Services Sector (EGSS) accounts
(Eurostat, 2016), which identify economic activities aimed at environmental protection and resource
management, and Cedefop's work on green jobs and skills (Cedefop, 2019), which addresses the
labour-market implications of the green transition. Both frameworks were selected for their
European scope and their comparability with the institutional context of the countries examined.
Green industries are identified at the level of two-digit NACE Rev. 2 divisions and cover activities
associated with low-carbon energy, energy efficiency, sustainable transport, the circular economy
and waste management, water management, sustainable agriculture and land use, and pollution
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control and environmental protection (Table 1). Because the classification operates at the industry
level, all workers employed in a given division are treated as working in a green industry, irrespective
of their individual occupation or tasks. The measure therefore captures the sectoral rather than the
job-level dimension of greenness, and its boundaries involve a degree of analytical judgement.

Table 1 Classification of green industries by NACE Rev. 2

Green industry domain NACE Rev. 2

35 - Electricity, gas, steam and air conditioning supply
Low-carbon energy 27 — Manufacture of electrical equipment
28 — Manufacture of machinery and equipment
41 - Construction of buildings
Energy efficiency 42 - Civil engineering
43 - Specialised construction activities
29 — Manufacture of motor vehicles, trailers and semi-trailers
49 - Land transport and pipeline transport
50 - Water transport
51 - Air transport
52 — Warehousing and support activities for transportation
53 - Postal and courier activities
38 - Waste collection, treatment and disposal activities; materials recovery
39 - Remediation activities and other waste management services
25 - Manufacture of fabricated metal products, except machinery and
equipment
36 — Water collection, treatment and supply
37 - Sewerage
Sustainable agriculture and 01 - Crop and animal production, hunting and related service activities
land 02 - Forestry and logging
Pollution control and
environmental protection

Source: Authors’ work based on Eurostat (2016), Cedefop (2019)

Sustainable transport

Circular economy and waste

Water management

72 - Scientific research and development

Table 1 presents the sector classification used in this study. It is a study-specific
operationalisation of green industries at the level of two-digit NACE Rev. 2 divisions, informed by the
Eurostat EGSS framework (Eurostat, 2016) and by Cedefop's work on green jobs and skills (Cedefop,
2019), and it should not be read as a reproduction of the EGSS classification. The classification
combines divisions whose activities are directly associated with environmental protection and
resource management with broader divisions that supply inputs or infrastructure for the green
transition. Each division is assigned to a single sub-domain, so that no division is counted more than
once in the aggregate green-industry category.

The inclusion of NACE divisions 25, 27, and 28 is based on a functional criterion, namely their
role in green-transition supply chains, and not on the assumption that all activity within these
divisions is environmentally oriented. PIAAC identifies the respondent's industry only at the two-
digit level, which makes it impossible to isolate environmentally relevant activities within a division.
The classification is therefore a sector-level proxy for participation in the green transition: the
estimates cover all workers employed in the listed divisions, irrespective of whether their own jobs
involve green tasks. Moreover, EGSS statistics are organised around environmental activities and
products rather than industries (Eurostat, 2016), and no European classification delimits green
industries at the NACE level in an exhaustive and unambiguous way. The boundaries drawn here
therefore involve analytical judgement and constitute a limitation of the study.
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Overeducation measures were estimated for each two-digit NACE classification, pooling the
countries for which the respective measure is available (seven countries for the subjective measure
and five for the modal measure). The divisions were then aggregated into two mutually exclusive
categories: green industries (the divisions listed in Table 1) and other industries (all remaining
divisions). The latter is a residual comparison group and does not imply that these industries lack
environmental relevance. The analysis thus proceeds on three levels: country-level estimates,
division-level estimates, and the comparison between green and other industries. Differences in
overeducation rates between green and other industries were tested with a design-based test of
independence applied to this aggregate classification. Because PIAAC uses a complex sampling
design, the conventional Pearson chi-square test does not account for the effects of sampling
weights on the variance of the estimates and may therefore overstate statistical significance. The
second-order Rao-Scott adjusted F test corrects for these design effects (Rao & Scott, 1984).

4. RESULTS AND DISCUSSION

This section presents the empirical results of the study in two stages. The first stage reports
descriptive statistics on the prevalence of educational mismatch across the CEE countries included
in the analysis, comparing estimates derived from the subjective and modal measurement
approaches. The second stage disaggregates mismatch rates at the sector level across all two-digit
NACE industries, with analytical attention given to green industries as defined in the classificatory
framework outlined in the Methodology section. Together, these two levels of analysis provide the
empirical foundation for the subsequent discussion of the relationship between educational
mismatch and the green transition in the CEE context.

Table 2 Overeducation by countries

Subjective OE Objective OE
(st. err.) (st.err.)
. 30.3%
Croatia (1.0%)
Czechia 37.7% 9.7%
(1.1%) (0.6%)
Hunaar 38.9% 7.6%
gary (0.9%) (0.5%)
Latvia 45.9% 10.9%
(1.0%) (0.6%)
. . 46.5%
Lithuania (1.1%)
Poland 33.5% 9.8%
(0.9%) (0.6%)
. 33.0% 9.7%
Slovak Republic (1.0%) (0.6%)

Source: Authors’ calculation based on PIAAC (OECD, 2024)

Table 2 reveals differences in overeducation rates among the analysed CEE countries, with
the choice of measurement method having a decisive impact on the estimates obtained, in line with
theoretical expectations (Leuven & Oosterbeek, 2011; Capsada-Munsech, 2017). Subjective
overeducation rates range from 30.3% in Croatia to 46.5% in Lithuania. Latvia and Lithuania
consistently recorded higher rates than the other countries in the sample, which may reflect the
specificities of smaller labour markets with a more pronounced mismatch between educational
supply and the structure of labour demand. These results align with the findings by McGuinness
(2006), who reports substantial variation in subjectively measured incidences of overeducation
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across studies. The modal measure, which could be applied to five of the seven countries due to data
limitations, gives considerably lower estimates, ranging from 7.6% in Hungary to 10.9% in Latvia. This
may reflect the use of broad educational categories, which places most workers in the modal
category of their occupation, and the fact that overeducation cannot be identified in occupations
where the mode is already the highest category. These estimates are not directly comparable with
modal estimates obtained using other educational classifications or levels of occupational
aggregation. The modal measure is not reported for Croatia and Lithuania because information on
current occupation (ISCO-08) is not available for these two countries in the data file used.

The fundamental difference between these two measures is conceptual, not merely
technical. The subjective measure records the worker's perception of the inadequacy of their own
education for a specific job, making it sensitive to individual cognitive biases, especially the tendency
to rationalise one's own educational status and adapt aspirations to current working conditions
(Sicherman, 1991; Allen & van der Velden, 2001). The modal measure, by contrast, captures deviation
from the prevailing level of education within an occupation butignores intra-occupational variations
in actual competency requirements and is subject to bias related to sample composition within each
ISCO category (Verdugo & Verdugo, 1989; Leuven & Oosterbeek, 2011). It is precisely because of this
conceptual incoherence between measures that Capsada-Munsech (2017), in a systematic review,
concludes that different measures of overeducation show only moderate to weak correlation with
each other and capture different dimensions of the same phenomenon, rather than the same
construct measured with different precision.

To assess whether the differences between green and other industries are consistent across
the two measures, the Rao-Scott adjusted F test of independence was applied separately to the
subjective and the modal measure. To describe the size of these differences, the odds ratio and the
risk difference were also calculated for each measure; the risk difference is expressed as the rate in other
industries minus the rate in green industries. Table 3 reports the results for the five countries for which both
measures are available, together with unweighted sample sizes and weighted population estimates.

Table 3 Overeducation in green versus other industries: subjective and modal measures, five CEE

countries
Subjective OE Objective OE

Green 34.4% 7.1%

industries (SE: 1.1%) (SE: 0.6%)
FAEIERRRIRR e 36.2% 10.2%

industries (SE: 0.6%) (SE: 0.4%)
Test of Independence (Rao-Scott F=1.807 F=16.869
Adjusted F) (p=0.180) (p<0.001)
Odds Ratio 0.926 0.677
Risk Difference 0.018 (1.8%) 0.031 (3.1%)
Unweighted N 16 077 18428
Population Estimate 24134319 28 042 338

Source: Authors’ calculation based on PIAAC (OECD, 2024)

When examining subjective overeducation, the Rao-Scott adjusted F test indicates no
statistically significant association with green industry. Employees within green sectors report a
subjective OE rate of 34.4%, which is statistically indistinguishable from the 36.2% observed in non-
green sectors. In contrast, the objective measure demonstrates a highly significant relationship with
green sector classification: green industries exhibit a significantly lower objective OE prevalence rate
of 7.1% compared with 10.2% in non-green industries. The corresponding odds ratio indicates that
employees in green industries have approximately 32.3% lower odds of being classified as
overeducated. Furthermore, the risk difference for the presence of objective OE stands at 0.031. This

DIEM, Special Issue 2026 _



disparity highlights a crucial methodological insight: while workers in sustainable sectors perceive
their qualification mismatches at rates comparable to conventional sectors, objective operational
metrics demonstrate that green industries exhibit significantly lower levels of formal overeducation.

Table 4 Subjective and modal overeducation rates by green industry (five CEE countries)

Category Industry Subjective OE Objective OE
35 - Electricity, gas, steam... 27.90% 13.10%

Low carbon/

Clean ener 27 - Manufacture of electrical equipment 30.50% 6.00%
9y 28 — Manufacture of machinery and equipment 36.60% 9.50%
E 41 - Construction of buildings 23.60% 3.90%
e?f?crige{]c 42 — Civil engineering 38.30% 8.10%
Y 43 - Specialized construction activities 28.30% 5.40%
29 - Manufacture of motor vehicles, trailers... 42.90% 10.60%
49 - Land transport and transport via pipelines 39.60% 7.80%
Sustainable 50 - Water transport 32.20% 3.10%
transport 51 - Air transport 76.20% 41.00%
52 - Warehousing and support activities 42.50% 7.80%
53 - Postal and courier activities 47.10% 13.10%
. 38 — Waste collection, treatment and disposal 31.50% 2.70%
Circular 39 - Remediation activities and other waste
economy & 32.30% 13.90%
Waste management
25 — Manufacture of fabricated metal products 27.10% 5.50%
Water 36 - Water collection, treatment and supply 21.30% 3.90%
management 37 - Sewerage 31.70% —
Sustainable 01 - Crop and animal production, hunting... 43.70% 6.60%
land use 02 - Forestry and logging 29.60% 8.00%
zg::r:;?n 72 - Scientific research and development 35.40% 6.30%
Total (Green industries) 34.4% 7.1%

Source: Authors’ calculation based on PIAAC (OECD, 2024)

Table 4 shows heterogeneity in overeducation rates across industries, including only five
countries for which modal measurement could be applied, with the sectoral structure of labour
demand and the speed of structural transformation crucially shaping the levels of mismatch.
Objective overeducation rates in green sectors are relatively low: building construction (3.9%),
specialised construction activities (5.4%), waste collection and treatment (2.7%), water supply (3.9%),
and forestry (8.0%). This finding appears to contradict the theoretical expectation of increased
overeducation in sectors undergoing accelerated structural transformation However, this finding
should be interpreted considering how the modal measure is constructed. The required level of
education is defined as the most common level of attainment within an occupation, and a worker is
classified as overeducated only if their attainment exceeds that level. Because PIAAC records
education in a small number of broad categories, most workers fall into the modal category of their
occupation, and in occupations where the mode is already the highest available category
overeducation cannot be identified. The modal measure also cannot detect differences in job
content within an occupation. Low modal rates therefore indicate that few workers have more
education than is typical for their occupation, and not necessarily that educational mismatch is
absent. The present data do not allow us to establish whether the green transformation has altered
the content of jobs within these occupations. This is where the key difference between objective and
subjective measures in green industries becomes evident. Subjective overeducation rates are
significantly higher: the circular economy shows large differences compared to the objective
measure. This is broadly consistent with Consoli et al. (2016), who show that green occupations tend
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to combine higher levels of formal education with greater work experience, on-the-job training, and
high-level cognitive and interpersonal skills. These findings suggest that formal educational
attainment alone may not fully describe the human-capital and skill requirements of green
occupations.

The answer to the first research question varies depending on the measure of overeducation
employed. Using the subjective measure, no statistically significant difference in the incidence of
overeducation is observed between green and other industries. In contrast, the modal measure
indicates a statistically significant lower incidence of overeducation in green industries. These
findings also address the second research question, showing that the choice of measurement
approach affects not only the estimated magnitude of overeducation but also the substantive
conclusions regarding its prevalence in green industries. Across all countries and industry groups,
subjective measures yield considerably higher estimates of overeducation than modal measures.
Accordingly, the results based on the modal approach should be interpreted with consideration of
the way this measure is constructed, which identifies only workers whose education exceeds the
most common level in their occupation, using broad educational categories. Overall, the findings
suggest that conclusions regarding the prevalence of overeducation in green industries are sensitive
to the measurement approach adopted and should therefore be interpreted explicitly in relation to
the respective operationalisation of overeducation.

5. CONCLUDING REMARKS

The research provides insight into the extent and structure of educational mismatch in green
industries across Central and Eastern European countries by applying two complementary
methodological approaches to PIAAC survey microdata. The results indicate that the choice of
measurement methodology has an important influence on the estimated incidence of
overeducation. Subjectively measured rates of overeducation range from 30.3% in Croatia to 46.5%
in Lithuania, while estimates obtained using the modal, or objective, method are substantially lower,
ranging from 7.6% to 10.9%. The difference between the two approaches suggests that subjective
and objective measures should not necessarily be interpreted as interchangeable measures of the
same phenomenon, as they may reflect different aspects of the relationship between workers’
education and their employment.

Objectively measured overeducation rates in activities such as construction, waste
management and water supply are relatively low, which, when considered on its own, may suggest
a limited incidence of educational mismatch according to the modal criterion. Subjective
assessments, however, are considerably higher, with differences between the two measures ranging
from about 15 to 30 percentage points in these activities. This asymmetry may indicate that formal
occupational and educational classifications do not fully capture all aspects of the relationship
between workers’ education and the requirements of their jobs. Standardised occupational
classifications such as ISCO necessarily organise employment into relatively broad and stable
occupational categories, whereas the content of certain jobs may vary within these categories and
may change in response to technological, regulatory and organisational developments associated
with the green transformation. Workers' subjective assessments, in turn, may reflect their own perceptions
of how well their acquired education corresponds to the requirements of their current workplace.

Accordingly, the difference between subjective and objective measures should not be
regarded solely as a technical issue of measurement. It may also provide an indication that different
approaches to educational mismatch capture different dimensions of the relationship between
formal qualifications and work requirements. In this respect, the findings suggest that formal
educational adequacy, as defined through standardised qualification and occupational categories,
does not necessarily correspond fully to workers’ perceptions of the adequacy of their education for
the tasks performed in their jobs. This distinction may be relevant for understanding the challenges
associated with adapting education and training systems to changing labour market requirements,
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although the present study does not allow conclusions to be drawn about the direction or causality
of these relationships.

When interpreting the results, several important limitations of the study need to be
considered. The modal measure could not be applied to Croatia and Lithuania because the data file
contains no information on respondents' current occupation for these countries. The
operationalisation of green industries at sector level is based on a combination of methodological
approaches from Eurostat’s Environmental Goods and Services Sector Accounts System (EGSS) and
Cedefop's conceptual framework. However, the available European classification documents do not
define completely unambiguous boundaries for green industries at the level of individual NACE
activities. Consequently, the inclusion of certain manufacturing activities, such as the manufacture
of metal products, electrical equipment, and machinery and appliances, inevitably involves a certain
degree of functional and analytical judgement. More broadly, because the classification operates at
the level of two-digit divisions, all workers in a listed division are treated as working in a green
industry, irrespective of their occupation or tasks. Some divisions, notably all transport, construction
and agriculture divisions, are included in their entirety, so the classification is a broad sector-level
proxy that may include workers whose jobs have little or no connection with the green transition,
and the estimates should not be read as describing green jobs. This methodological circumstance
highlights the need for further development of standardised classification frameworks that would
allow more precise and comparable identification of green economic activities.

The subjective measure of educational mismatch is subject to limitations characteristic of
self-assessment data. Workers' perceptions can be influenced by various cognitive and interpretive
biases, including the rationalisation of their own educational and professional position. Therefore,
part of the recorded subjective mismatch may reflect individuals’ perceptions of the relationship
between education and employment rather than an objectively measurable mismatch between
competencies and job requirements. It is also not possible to monitor individual changes in the
educational and professional positions of workers over time, nor to analyse the dynamics of how
competences adapt to changing labour market demands. Longitudinal research therefore
represents an important direction for future analyses, as it could provide a stronger basis for
examining changes over time and for assessing the possible mechanisms through which the green
transformation may be associated with changes in educational and skills mismatch.

The limitations of this study suggest several directions for future research. First, the sector-
level definition of green industries classifies all workers in a division as green, irrespective of their
tasks. Future studies could identify green activity at the level of occupations or tasks, for example by
combining industry classifications with task-based indicators of greenness. This would allow a
comparison of overeducation among workers who do and do not perform green tasks within the
same industry. Moreover, since in this study the modal measure could be applied to only five of the
seven countries, studies using data with more detailed occupational information could apply both
measures to the same set of countries and workers and test the sensitivity of the results to alternative
thresholds (for example, the mode alone or other multiples of the standard deviation) and to the
level of occupational aggregation. Future research could also incorporate measures that rely on skills
rather than formal education, such as indicators of skill mismatch based on assessed proficiency, to
distinguish overeducation from skill underutilisation in green industries. The cross-sectional design
does not show how educational requirements and mismatch change over time. Longitudinal and
repeated cross-sectional data, including future PIAAC cycles, would allow researchers to examine
whether the gap between measures widens or narrows as the green transition progresses. Finally,
the analysis is descriptive and does not investigate the consequences of overeducation, such as its
association with wages or job satisfaction in green industries. Studies that control for individual and
job characteristics could assess whether the patterns observed here persist and whether the wage
penalty of overeducation differs between green and other industries.

Despite these limitations, the findings may have implications for several stakeholder groups.
For education and labour market policymakers, the results point to the potential value of more
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closely aligning qualification frameworks, educational programmes and curricula with changing
competence requirements in occupations associated with the green transition. For institutions
responsible for strategic planning of the energy and green transition, the findings may provide a
useful starting point for identifying sectors in which differences between formal educational
measures and workers’ perceptions of job requirements are particularly pronounced. For researchers
in the field of educational economics and labour markets, the study highlights the value of
considering different measures of educational mismatch in parallel, particularly when examining
sectors characterised by technological and structural change.

Finally, lifelong learning institutions may use these findings as one indication of the potential
importance of programmes aimed at supporting workers whose existing qualifications may not fully
correspond to the changing requirements of green jobs. Strengthening opportunities for lifelong
learning and continuous training may contribute to workforce adaptability and to the capacity of
education and training systems to respond to changing economic conditions. However, further
research would be needed to establish which forms of education and training are most effective in
addressing the types of mismatches identified in this study.
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