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Abstract
The comparable measurement of educational attainment is a challenge for all compara-
tive surveys and cross-national data analyses. While education is an important predictor 
or control variable in many research contexts, it is particularly important when studying 
education and education-related outcomes such as skills or labor market chances. This 
study evaluates the cross-nationally comparable measurement of education in OECD’s 
Programme for the International Assessment of Adult Competencies, PIAAC, in terms 
of its construct validity when predicting general basic skills. In order to do so, the predic-
tive power of country-specific (i.e. non-comparable) education variables is compared to the 
predictive power of different cross-nationally harmonized variables, namely the detailed 
ISCED-based coding scheme used in PIAAC, ISCED 2011 and 1997 levels, the broad edu-
cation levels ‘low, medium, high’, ES-ISCED, as well as years of education. The analyses 
consist in sets of country-wise linear regressions, taking PIAAC’s plausible values and 
complex sampling into account, and use adjusted R2 as the indicator for predictive power 
and validity. The results show that while harmonization into a detailed coding scheme such 
as the most detailed comparable variable available in PIAAC does not entail large losses of 
information, the way this variable is further simplified plays a major role for validity. The 
paper also highlights shortcomings of the detailed variable from a theoretical point of view, 
such as the lack of differentiation of vocational and general education and other markers 
of educational content and quality, which are important aspects both for skill development 
as well as the labor market outcomes of education, and of the country-specific measures 
of education, which may make the detailed PIAAC education variable look better than it 
actually is.
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Introduction
An important challenge in comparative survey research is how to make data com-
parable or ‘functionally equivalent’ across countries (Przeworski & Teune 1970). 
The underlying process is called ‘harmonization’ (Wolf et al., 2016; Hoffmeyer-
Zlotnik & Wolf, 2003), especially when speaking about the comparability of 
individual variables (rather than e.g. sampling or fieldwork procedures). Harmo-
nizing survey data cross-nationally entails the risk of ‘harmonizing away’ mean-
ingful information (Granda et al., 2010). When a harmonized variable carries less 
information than a non-harmonized one, and the amount of information loss dif-
fers across countries, the comparability of the harmonized measure is necessarily 
limited. This is an important element of comparison error (Smith 2011), a main 
impediment of successful comparative survey research. 

The comparability of background variables such as ethnicity, education or 
social class (see e.g. Schneider et al., 2016; Braun & Mohler, 2003) has mostly been 
researched regarding the education variable. This is for two reasons: Firstly, educa-
tion is a major independent variable in numerous statistical models of survey micro 
data, either as control or substantive variable, and thus maybe the most important 
of all background variables (Smith, 1995). Secondly, its harmonization is, because 
of the stark institutional differences between educational systems, particularly dif-
ficult (Braun & Müller, 1997). Cross-national educational attainment levels such as 
‚primary education‘ or ‚tertiary education‘, even if translated correctly, are likely to 
be interpreted differently by respondents in different countries depending on fea-
tures of their educational systems. Therefore, the state of the art for cross-national 
surveys is to use country-specific questionnaire items to collect information on 
respondents’ educational attainment (Schneider, 2016). The resulting country-spe-
cific education variables are then recoded into a cross-national variable after data 
collection. This approach is called ex-ante output harmonization (Wolf et al., 2016; 
Ehling, 2003). Today, most surveys use UNESCO‘s International Standard Classifi-
cation of Education (ISCED, UNESCO Institute for Statistics, 2012) for harmoniz-
ing education variables. 

However, there is no agreement on which specific ISCED-based variables to 
provide to data users – three broad levels, main ISCED levels, or whether sub-cate-
gories within levels representing different types of education also need to be taken 
into account. The method of comparative construct validation is fairly established 
today for evaluating the comparative validity of harmonized education variables 
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in cross-national survey data. These analyses consist in sets of country-wise linear 
regressions, and usually use adjusted R2 as the indicator for predictive power or 
validity. Prior research using this method (Schneider, 2010; Kerckhoff & Dylan, 
1999; Kerckhoff et al., 2002; Kieffer, 2010; Müller & Klein, 2008; Braun & Müller, 
1997) has generally concluded that the education variables in comparative surveys, 
including those based on ISCED, contain comparison error, especially (but not 
exclusively) due to the way that country-specific education categories are aggre-
gated into supposedly comparable, broader categories. 

This paper adds to this research using the OECD’s Programme for the Inter-
national Assessment of Adult Competencies, PIAAC (OECD, 2013; OECD, 2016a). 
In addition to not having been the object of a comparative construct validation of 
the harmonized education variable yet, PIAAC also offers new validation variables 
that have so far not been exploited for a comparative construct validation, namely 
literacy and numeracy skills. The relationship between educational attainment and 
skills is expected to be fairly strong (and thus sensitive to measurement quality) 
because one important aim of formal education and training systems is skill pro-
duction (see e.g. Hall & Soskice, 2001). Because of the close relationship between 
educational attainment and skills, if educational attainment is not well measured, 
in statistical models using both as independent variables, unmeasured heterogene-
ity in education may be picked up by the measure of skills (confounding). It is thus 
of great importance in a survey of adult skills that educational attainment is mea-
sured with a high degree of reliability and validity. Such an analysis will also help 
us better understand the relationship between educational qualifications and skills 
(Heisig & Solga, 2015).

This paper builds on the work by Schneider (2010), which used occupational 
status as the validation variable, and evaluates the harmonized educational attain-
ment measures employed in PIAAC. It answers the following research questions: 
1.	 How comparable across countries, in terms of comparative validity, is the most 

detailed comparative education variable provided in the PIAAC data set?
2.	 Do we find the same result for the PIAAC data that were previously found for 

the ESS and other surveys, namely that main education levels and nominal 
years of education diminish comparative validity? How does ISCED 2011 fare, 
compared with ISCED 1997?

3.	 Could a differently aggregated education variable, such as the European Sur-
vey Version of ISCED (ES-ISCED) proposed in Schneider (2010), improve the 
comparative validity of education measures in PIAAC? 

This paper starts out by distinguishing dimensions of education and theorizing 
about their relationship with general basic skills. Then, the PIAAC data and analy-
sis methods will be presented, as well as the harmonized measures of education 
available in PIAAC. Here the implications of the theoretical rationale for the meas-
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urement of educational attainment are also presented. After presenting the empiri-
cal results, the paper will summarize and conclude with some practical recom-
mendations for the next Cycle of PIAAC, which will also be relevant to other future 
cross-national surveys as well as research using existing data.

Dimensions of Education and General Basic Skills
From a theoretical point of view, education and skills are expected to be fairly 
closely related. In modern societies, formal education is an important source of 
general basic skill development and ‘human capital’ (Becker, 1964; OECD, 2013; 
OECD, 2016a). Examinations in formal education aim to validate the successful 
acquisition of knowledge, skills and competences, and give legitimacy to subse-
quently achieved advantageous social positions (Weber, 1922). Consequently, 
formal educational qualifications are the most common indicator for educational 
attainment in surveys.

Formal education is not homogeneous but differs in terms of quality, content 
and type in very complex ways (Smith, 1995). The educational systems in most 
developed countries provide alternative programs within education levels. Depend-
ing on their specific goals and curricula, different types of educational programs 
can be expected to lead to different levels of general basic skills. In the follow-
ing, the dimensions of education distinguished by Smith (1995) - quantity, content, 
quality and type - are examined with respect to their implications for general basic 
skills, and hypotheses formed for measuring education in such a way as to optimize 
the prediction of skills by education.1 

The first dimension of education is quantity. From a human capital point of 
view (Becker, 1964), the longer children go to school, and the higher the level of 
education eventually reached by youth and young adults, the stronger we expect 
their literacy and numeracy skills to be. The better an education measure reflects 
quantity, the better it is thus expected to predict general basic skills (Hypothesis 1).

The second dimension is content, i.e. “what is being taught” (Smith, 1995, 
p.218). Some (especially European) countries track children in lower secondary 
education already into programs with different content, preparing for different 
labor market ‘careers’ (Haller et al., 1985; Braun & Müller, 1997; König et al., 
1988). From upper secondary education onwards, most (if not all) countries offer 
different educational programs with specialized content, mostly differentiating uni-
versity preparatory general education and vocational programs preparing for the 
labor market. In vocational education, students spend some of their time learning 

1	 It is important to note that we simplify these dimensions substantially here, compared 
to the rich array of indicators that Smith himself has to offer for each of them.
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practical skills directly relevant to the labor market. In contrast, in general educa-
tion, most learning time is spent on text and number based tasks. Therefore, at 
the simplest level, the better an education measure distinguishes between voca-
tional and general programs, the better it is expected to predict general basic skills 
(Hypothesis 2).

The third dimension of education is quality. In countries offering different 
educational programs or institutional settings at any single level of education, these 
may differ not only with respect to their curricular content but also their skill (and 
social) selectivity, an important indicator for the quality of education (Smith, 1995). 
For example, many countries especially in Eastern Europe have different types of 
vocational upper secondary education programs (see e.g. Saar, 2008; Straková, 
2008; Bukodi et al., 2008). Some of them give access to higher education, while 
others do not. Typically, those providing access to higher education are more selec-
tive and academically demanding, while those only preparing for the labor market 
are less so. This results in higher skills of graduates from the former programs, 
which are however typically already evident when entering the program and are 
thus not or only partially (e.g. through the dimension of content, see above) caused 
by the program. A similar argument can be made for tracking in lower second-
ary education, where different programs may work at different standards. We thus 
expect education measures that differentiate educational categories by skill selec-
tivity or institutional setting to better predict adult skills than measures not making 
such a distinction (Hypothesis 3).2 

The fourth dimension of education according to Smith (1995) is type, which 
consists in several distinct classification systems that partly overlap with those pre-
viously discussed. A distinction by type not yet covered but useful here is the place 
of learning, where we can distinguish entirely school-based programs from pro-
grams combining schooling and work, as in apprenticeship programs in mostly 
German-speaking countries, and on the job training (see e.g. Allmendinger, 1989), 
where the latter does not count as formal education. Because of the more strongly 
theoretical content and book-based learning, we can expect the completion of 
school-based vocational programs to be related to higher general basic skills than 
apprenticeship programs, where practical learning plays a more prominent role. 
Therefore, education measures distinguishing between school-based and appren-
ticeship programs are expected to better predict general basic skills than measures 
not making such a distinction (Hypothesis 4).

2	 In many countries, content and quality of education are overlapping dimensions: aca-
demically or generally oriented programs are usually more selective and provided in 
specialized institutional settings (such as the prototypical Gymnasium or traditional 
university), while vocationally or professionally oriented programs are - at least at the 
secondary level - less selective and, in countries with differentiated vocational training 
systems, provided in a variety of institutional settings.
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To summarize, a valid comparable measure of educational attainment that 
well reflects skills may need to differentiate types of formal education in addition 
to levels of education, ideally in terms of tracks in lower secondary schooling, pro-
gramme orientation, and, especially within vocational education, selectivity and 
place of learning. Measures that simplify education by reducing it to one dimen-
sion, such as broad levels of education or duration in terms of years of education, 
can be expected to function less well and less consistently across countries in pre-
dicting general basic skills. The dimensions discussed here may also help explain 
why country-specific measures sometimes do a better job at predicting general 
basic skills than comparative measures.

Data and Methods
The Programme for the International Assessment of Adult 
Competencies

OECD’s Programme for the International Assessment of Adult Competencies 
(PIAAC) is a cross-national large-scale survey assessing the general basic skills of 
the adult population – literacy, numeracy and problem solving in technology-rich 
environments – that are considered essential for successful participation in today’s 
societies (OECD, 2016a). While skills are directly assessed using psychological 
tests, information on demographic characteristics, education, labor market partici-
pation and other indicators are collected using a background questionnaire. Data 
for the first set of countries (round 1, 24 countries3) were collected in 2011/2012, 
and for a second set of countries (round 2, 9 countries4) in 2014/2015. The target 
population consisted of individuals aged 16 to 65. Multi-stage random sampling 
techniques with complex sampling designs were employed. Samples sizes range 
from just below 5000 (minimum requirement) to about 21000 (Canada). Further 
details are available in the technical report (OECD, 2016b).

For the analyses in this paper, individuals under age 30 are only included if 
they are not currently in formal education. Respondents who obtained their highest 
educational qualification abroad are excluded because a high degree of measure-

3	 Australia, Austria, Belgium (Flanders only), Canada, the Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Ireland, Italy, Japan, Korea, the Netherlands, 
Norway, Poland, Russia (excluding the Moscow municipal area), the Slovak Repub-
lic, Spain, Sweden, the United Kingdom (England and Northern Ireland only) and the 
United States.

4	 Chile, Greece, Indonesia (Jakarta only) Israel, Lithuania, Singapore, New Zealand, 
Slovenia and Turkey. Data for Indonesia have not been released. For Greece, about a 
fifth of cases did not have responses for the direct assessments. These were imputed by 
OECD.



157 Schneider: Education in OECD’s PIAAC Study

ment error on the educational attainment variable can be expected for these respon-
dents.

Education Variables to be Compared Across Countries

Looking at survey practice, different cross-national surveys and analyses use dif-
ferent coding schemes, even if they refer to ISCED. ISCED primarily distinguishes 
levels of education, ranging from less than primary education to the PhD level. 
In order to distinguish between attainment of different types of education, ISCED 
allows education to be differentiated, within levels, by programme orientation 
(general vs. vocational) and whether a qualification gives access to a higher educa-
tion level or not. The details of these distinctions have somewhat changed between 
ISCED 1997 to 2011 (see Schneider, 2013; UNESCO Institute for Statistics, 2012). 
In PIAAC, a coding scheme closely related to the implementation of ISCED 97 
in the European Union Labor Force Survey (EU-LFS) until 2013 was used (vari-
able name B_Q01a, see first column of Table 1). This coding scheme differentiates 
educational programs at the upper secondary level not allowing access to tertiary 
education (ISCED 3C, usually vocationally oriented) from programs giving such 
access (ISCED 3A-B, which may be generally or vocationally oriented). In PIAAC, 
the Bachelor and Master levels are additionally distinguished from short vocational 
tertiary education, anticipating ISCED 2011. Compared to other surveys, this is a 
fairly detailed coding scheme. The following less detailed ISCED-based variables 
are also included in the validation:
�� ISCED 2011 levels, derived from B_Q01a (9 categories). 
�� ISCED 1997 levels, also derived from B_Q01a (7 categories). 
�� Broad ISCED levels represent a further aggregation, resulting in three education 

levels: less than upper secondary (low), upper secondary including post-second-
ary non-tertiary (medium), and tertiary (high). This coding is commonly used 
in statistical reporting and cross tabulations, but also in multivariate analyses.

Table 1 shows how these different variables relate to each other.
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An alternative and very popular indicator of educational attainment is years 
of education, a generalization of the ‘years of schooling’ prominently used by Blau 
and Duncan (1967). In contrast to the other comparative measures, this is a linear 
variable. In this study, hypothetical years of education are derived from national 
measures of the highest educational qualification obtained by assigning nominally 
required years of education to educational qualifications. In PIAAC, such a vari-
able is provided (variable name yrsqual).

This study also evaluates the European Survey version of ISCED (ES-ISCED) 
proposed in Schneider (2010), which was developed in order to integrate some basic 
ideas underlying CASMIN5 in data coded with ISCED. This variable aims to mini-
mize loss of information through harmonization by including a minimal degree of 

5	 The CASMIN education scheme (König et al., 1988) is used a lot for ex-post harmo-
nization of country-specific education variables in surveys (see e.g. Breen et al., 2009; 
Müller & Karle, 1993). CASMIN cannot be coded for PIAAC because we lack respec-
tive documentation for a large number of PIAAC countries, and for many countries, the 
country-specific variables are not differentiated enough to allow coding into CASMIN.

Table 1	 ISCED coding schemes available in PIAAC data or derived 

B_Q01a ISCED 97 ISCED 11 Broad ISCED

0 No formal qualification or below 
ISCED 1

0 No formal qualification or 
below ISCED 1

1 low1 ISCED 1 (primary education) 1 ISCED 1 (primary education)

2 ISCED 2
2 ISCED 2 (lower secondary)

3 ISCED 3C <2 years

4 ISCED 3C 2 years+

3 ISCED 3 (upper secondary)

2 medium

5 ISCED 3A-B

6 ISCED 3 (no distinction A-B-C)

7 ISCED 4C
4 ISCED 4  

(post-secondary non-tertiary)8 ISCED 4A-B

9 ISCED 4 (no distinction A-B-C)

10 ISCED 5B
5 ISCED 5  

(tertiary 1)

5 ISCED 5

3 high
11 ISCED 5A, bachelor level 6 ISCED 6

12 ISCED 5A, master level 7 ISCED 7

13 ISCED 6 (tertiary 2) 6 ISCED 6  
(tertiary 2) 8 ISCED 8
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within-levels differentiation in terms of educational content and quality, while not 
being more detailed than ISCED 97 main levels, by aggregating main levels that 
are typically very small in European (and likely most developed) countries. Table 2 
shows how it was derived, for the purpose of this study, from B_Q01a and the addi-
tional indicator variable VET (for vocational education and training).6 Some dis-
tinctions that would have been necessary for the construction of ES-ISCED could 
not be made in PIAAC, so that ES-ISCED here only approximates ES-ISCED as 
proposed in Schneider (2010).  

While none of these comparative education measures covers all dimensions 
presented in section 2, and such a measure also could not be constructed from 
PIAAC data, we can still form some expectations based on the above hypotheses. 
B_Q01a reflects skill selectivity to some degree at both secondary and tertiary 
levels using destination (A, B and C), but does not explicitly reflect orientation, 
which to some degree however overlaps with destination. The aggregated ISCED 
variables reflect the duration of education in a more or less differentiated way, but 
neither program orientation nor skill selectivity. Years of education focus on quan-
tity exclusively. ES-ISCED most strongly reflects the distinction between general 
and vocational content but sacrifices quantity at the lowest and highest levels. Fol-
lowing hypothesis 1 (quantity), we thus expect the following order of the measures 
in terms of performance predicting skills: years of education > B_Q01a > ISCED 
2011 levels > ISCED 1997 levels > ES-ISCED > broad ISCED levels. Regarding 
hypothesis 2 (content: vocational vs. general orientation), we expect ES-ISCED to 
perform better than all other measures except maybe B_Q01a. Hypothesis 3 (qual-
ity: institutional and selectivity differentiation) makes us expect B_Q01a to per-
form best, especially as regards the distinction within vocational programs in East-
ern European countries in ISCED 3C vs. ISCED 3A-B, followed by ES-ISCED. 
Hypothesis 4 (type: school-based vs. apprenticeship) is not operationalized in either 
comparative variable but visible in some country-specific variables.

6	 VET was coded centrally in PIAAC after data collection and aims to provide a dif-
ferentiation between general and vocational education at ISCED levels 3 and 4. Unfor-
tunately, the variable VET contains a large amount of missing data even for countries 
where the educational system visibly distinguishes between vocational and general 
education. These countries did not distinguish vocational and general education in their 
educational attainment measures because they were not required to do so when the 
country-specific education measures for PIAAC were designed. For these, it was thus 
impossible to provide this information ex-post. Therefore, firstly a close examination 
of country-specific variables and the VET variable was conducted so as to correct some 
codings in VET, and secondly a new category IIIu for remaining unspecified orienta-
tion at this level was added to ES-ISCED.
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Table 2	 Correspondence between PIAAC variables B_Q01a, VET, and  
ES-ISCED

B_Q01a Label VET ES-ISCED

1 No formal qualification or below ISCED 1 -
I

2 ISCED 1 -

3 ISCED 2 -

II4 ISCED 3C shorter than 2 years -

5 ISCED 3C 2 years or more 0 (general) or missing

5 ISCED 3C 2 years or more

1 (vocational) IIIb16 ISCED 3A-B

7 ISCED 3 (without distinction A-B-C, 2y+)

6 ISCED 3A-B

0 (general) IIIa2
7 ISCED 3 (without distinction A-B-C, 2y+

9 ISCED 4A-B

10 ISCED 4 (without distinction A-B-C)

6 ISCED 3A-B

missing IIIu
7 ISCED 3 (without distinction A-B-C, 2y+

9 ISCED 4A-B

10 ISCED 4 (without distinction A-B-C)

8 ISCED 4C any

IV3
9 ISCED 4A-B

1 (vocational)
10 ISCED 4 (without distinction A-B-C)

11 ISCED 5B -

12 ISCED 5A, bachelor degree - V1

13 ISCED 5A, master degree -
V2

14 ISCED 6 -

Notes. 
1 This category should have included ISCED 3B general but not ISCED 3A vocational, 

which however cannot be identified in PIAAC. 
2 This category should have included ISCED 3A vocational but not ISCED 3B general, 

which however cannot be identified in PIAAC.
3 This category should have included 4B general, which however cannot be identified in 

PIAAC
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Comparative Construct Validation Method

In order to evaluate the loss of information and validity caused by the harmoni-
zation of country-specific education variables into various comparative education 
variables across countries, and thus to find out which kind of comparative educa-
tion coding scheme best represents the information contained in country-specific 
measures in terms of basic skills, PIAAC data are subjected to a series of linear 
regression analyses by country, following Schneider (2010). Literacy skills are used 
as the validation (dependent) variable here, but the results look very similar when 
using numeracy rather than literacy skills as validation construct (see Figure 4 and 
Table 9 in the appendix). The first or benchmark model uses the country-specific 
education variables, coded as dummies, as the main predictor.7 The subsequent 
models use the comparative education variables described above, also coded as 
dummies. Years of education are treated as a linear variable. All models control for 
sex and age. 

The measure of predictive power or information preserved in the harmonized 
variable is the relative adjusted R2 of the respective model in comparison with the 
benchmark model, i.e. the adjusted R2 of the model using the comparative educa-
tion variable to be evaluated as predictor divided by the adjusted R2 of the bench-
mark model using the country-specific education variable as predictor. This rela-
tive view on losses of information takes into account that the overall association 
between education and skills differs across countries, and that the same absolute 
reduction in predictive power is more severe at lower levels of association than at 
higher levels. Absolute losses in R2 are reported in the appendix (Table 8). The R2s 
are multiplied by 100 to allow a percentage interpretation. In all models, both the 
complex survey design in PIAAC as well as the representation of skills as ‘plausible 
values’ are taken into account. The analyses were performed in Stata 14 using the 
Stata package ‘repest’ (Avvisati & Keslair, 2017). 

To further facilitate interpretation, cross-country statistics are calculated. In 
order to check whether individual comparative education variables lead to higher 
or lower variation in predictive power across countries, standard deviations are also 
reported. High variation in relative predictive power across countries means that a 
harmonized variable does not work equally well across countries, thus threatening 
comparability. 

7	 These are not available in the public use files and thus required analyzing the data at 
OECD. Australia did not provide country-specific source variables to OECD. There-
fore, B_Q01a is used as the benchmark for Australia, so that for this country, only the 
performance of comparative variables relative to the most detailed comparative vari-
able can be evaluated. Some countries used several questionnaire items for measuring 
educational attainment. These were combined into one country-specific variable before 
analysis. 
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Results
The results of the analyses are presented in three steps: Firstly, before interpret-
ing the results of the comparative education variables, it is worth looking at the 
results concerning the country specific variables. If these do not highly correlate 
with literacy skills as expected by theory, one may be skeptical with regards to their 
measurement quality, putting their usefulness as a quality benchmark into doubt.8 
Secondly, to get an idea of how different harmonized education variables work, we 
look at the summary statistics regarding the relative predictive power of these vari-
ables compared to the country-specific variables. Thirdly, the paper takes a more 
detailed look at the regression coefficients in the benchmark model for selected 
countries where the biggest problems were identified in the previous step. This is 
the strategy also followed by Müller and Klein (2008) for Germany in EU-SILC.

The Benchmark Model

The R2s representing the strength of association between country-specific edu-
cation measures and skills, including effects of sex and age, resulting from the 
benchmark model are shown in Figure 1. Some countries show unexpectedly weak 
relationships even when using country specific education variables. These are Rus-
sia (4% adjusted R2), Cyprus and Greece (each 12%), Lithuania (16%) and Estonia 
(19%). While the results for the Baltic states may not be entirely off, we should 
be careful interpreting the results for these countries: either the country-specific 
measurement instruments are of low quality already, or there are other data quality 
issues involved. Other countries in contrast show strong links between educational 
attainment, sex, age and skills, which is closer to what is theoretically expected. 
In Singapore, sex, age and education explain more than 50% of the variation in 
literacy skills, followed by the Netherlands with 40%. Flanders, Chile, France and 
French-speaking Canada all have 36-37%. Beyond having better education mea-
sures, the effects of sex and especially age may also be stronger in these countries.

Validity of Comparative Education Variables

The results of the analysis comparing the performance of comparative education 
variables with country specific ones are shown in Figure 2 (selected summary 
statistics) and Table 3 (detailed results for all countries and summary statistics). 
Adjusted R2s are shown relative to those reported in Figure 1, which are thus set 

8	 Of course, some degree of ‘real’ cross-national variation in the relationship between 
education and skills is also to be expected.
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to 100%.9 Figure 2 shows that the harmonization process from country-specific 
education variables into the detailed comparable education variable in PIAAC, B_
Q01a, in itself does not necessarily lead to substantial losses of information and 
thus explanatory power across countries. Using this variable with up to 14 catego-

9	 See Figure 3 and Table 8 in the appendix for absolute rather than relative losses in ad-
justed R2. The general picture is the same and conclusions thus apply regardless.
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Figure 1	 Adjusted R2s, regression of literacy skills on country specific educa-
tion variables
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Figure 2	 Summary statistics of relative losses in adjusted R2s predicting lit-
eracy skills by comparative education measures
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ries, the loss of information is 1.4% on average (median). The next best compara-
tive variable is ES-ISCED (median loss of 4.9%), closely followed by ISCED 2011 
levels (5.8%), which however has one category more. All remaining variables lead 
to median losses of information of more than 10%, with broad ISCED levels per-
forming worst (18%) and ISCED 1997 levels and years of education performing 
very similarly (11.7 and 11.1% respectively). 

However, it is important to also look at the distribution of performance of 
the different measures across countries, because measures performing very differ-
ently across countries are undesirable from a comparability point of view. Using the 
standard deviation across countries as the summary measure of how differently a 
comparative education measure captures country-specific information across coun-
tries, B_Q01a shows the lowest standard deviation of all tested variables (s.d.=3.7, 
see Table 3). This is followed again by ES-ISCED (s.d.=4.7). ISCED 2011 and 1997 
as well as broad levels show higher variation in validity across countries (s.d. of 
5.6-6.0). Years of education again come last, with a standard deviation of 12.7.

Especially outliers at the bottom, i.e. countries where a specific measure con-
tains substantially less information than the country-specific education variable, 
are a matter of concern. Next let’s thus look at more detailed results in Table 3 
focusing on the strongest losses for B_Q01a, ISCED 2011 levels, and ES-ISCED, 
i.e. the most promising comparative variables (see shaded cells in Table 3). B_Q01a 
shows the strongest losses for Austria (17%), followed by the Netherlands (9%). 
With regards to ISCED 2011 levels, the losses are strongest for the Czech Republic 
(22%), again Austria (18%) and New Zealand (18%). ES-ISCED in contrast pro-
duces substantial losses of information for Turkey (19%) and the Czech Republic 
(18%). These countries are looked at more closely in the following section. 

Table 3	 Relative adjusted R2s comparing predictive power of comparative and 
country-specific education variables predicting literacy skills 

Country k B_Q01a
ISCED 11 

levels
ISCED 97 

levels
Broad 
ISCED ES-ISCED yrsqual

AUS* 10 (100) 96.0 90.3 75.4 96.3 85.3
AUT 17 83.0 81.9 78.1 65.6 91.3 71.4
BFL 12 100.0 92.0 87.7 84.4 99.0 86.4
CEN 21 97.2 97.1 85.5 81.1 94.2 89.0
CFR 21 93.1 92.2 82.8 80.1 87.2 83.4
CHL 9 100.0 100.0 95.3 90.7 99.6 98.9
CYP** 14 100.0 100.0 83.7 78.6 99.9 96.8
CZE 13 97.7 78.0 77.2 75.3 81.9 85.4
DEU 16 96.1 95.9 90.4 76.8 96.2 90.1
DNK 14 100.5 94.7 91.6 82.9 96.1 92.9
ENG 29 93.2 88.4 82.0 75.3 90.2 48.6
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Country k B_Q01a
ISCED 11 

levels
ISCED 97 

levels
Broad 
ISCED ES-ISCED yrsqual

ESP 12 100.0 99.6 94.4 82.5 96.7 95.7
EST** 19 96.4 94.5 83.0 78.8 94.4 98.2
FIN 12 95.9 95.9 90.7 88.6 97.4 94.5
FRA 17 93.7 87.5 86.1 78.3 90.3 88.9
GRC** 11 100.0 98.5 89.9 84.0 96.7 89.1
IRL 14 99.8 99.8 94.0 86.5 95.3 89.9
ISR 11 99.4 91.5 85.0 82.3 97.6 87.7
ITA 12 100.0 96.8 96.8 81.1 99.6 94.8
JPN 14 100.7 98.1 91.1 90.6 97.1 96.2
KOR 12 99.2 99.2 95.4 91.2 97.9 95.1
LTU** 13 95.5 92.8 87.1 82.9 96.7 85.3
NIR 29 95.1 92.8 87.4 79.8 94.9 52.2
NLD 17 91.3 88.6 86.4 75.6 92.1 81.3
NOR 13 100.0 92.1 89.5 76.1 94.2 81.4
NZL 19 94.8 82.0 74.8 68.6 86.1 76.8
POL 10 99.8 88.7 87.8 85.1 90.7 94.3
RUS** 10 100.0 100.0 95.4 82.3 92.7 60.3
SGP 10 98.1 98.1 93.6 89.3 94.7 95.6
SVK 12 100.0 87.2 86.8 81.7 96.2 79.0
SVN 15 98.6 86.2 84.5 82.6 89.8 94.9
SWE 17 94.9 93.8 92.3 82.4 91.4 86.0
TUR 12 99.9 99.9 98.4 71.9 81.2 80.2
USA*** 12 93.6 93.6 88.7 86.3 98.4 108.1

Mean 14.7 97.2 93.3 88.4 81.0 93.9 86.3
Std. deviation 4.8 3.7 5.8 5.6 6.0 4.7 12.7

Min 9 83.0 78.0 74.8 65.6 81.2 48.6
Q1 12 95.1 89.4 85.1 77.2 91.3 81.9
Q2/Median 13 98.6 94.2 88.3 82.0 95.1 88.9
Q3 17 100.0 98.1 92.2 84.3 97.0 94.9
Max 29 100.7 100.0 98.4 91.2 99.9 108.1

Notes. PIAAC rounds 1 and 2 data, complex survey design and plausible values taken into 
account. k=number of categories in the country-specific education variable. Shaded cells 
refer to results discussed in more detail in section 4.3.

* Since Australia did not submit country-specific variables to OECD, the predictive power 
of B_Q01a relative to the country-specific variable cannot be computed for Australia. In 
the subsequent models, adjusted R2 relative to the adjusted R2 of B_Q01a are reported 
for Australia.

** Countries which have been identified as potentially problematic in the benchmark 
model (Figure 1).

*** The USA is the only country where years of education explain 8% more variation than 
the country-specific variable. This is impossible if the yrsqual variable was derived from 
the country specific variables, as stated in the documentation. Therefore, data processing 
for this variable must have differed in some way for the USA.
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Detailed Country Analyses

For Austria, the loss of information is, with 17%, already quite strong when using 
in B_Q01a. 16 Austrian education categories correspond to 9 B_Q01a categories, 
meaning a substantial amount of aggregation even for the most detailed education 
variable in PIAAC. Looking at the regression coefficients for the country specific 
education variable (see Table 4), especially ISCED 3A-B, ISCED 4A-B and ISCED 
5B are revealed to be highly heterogeneous comparative education categories in 
Austria with respect to literacy skills. At ISCED 3A-B, respondents with the lowest 
qualification, dual system apprenticeship (“Lehre mit Berufsschule”), achieve sub-
stantially lower literacy scores (-15 points) than those in the middle category, voca-
tional school (“Fach- oder Handelsschule: 2 Jahre und länger”), and these again 
substantially lower scores (-23 points) than respondents in the highest and smallest 
category, general secondary school (“AHS (z.B. Gymnasium)” 10). The former two 
are vocational qualifications, the first one involving only part-time schooling, and 
the second one school-based, and the latter refers to university-preparatory upper 
secondary education. At ISCED 4A-B, we also find a skill difference of 21 points 
between the two qualifications classified here, nursing school and vocational col-
lege („Berufsbildende Höhere Schule BHS (z.B. HAK, HTL, BAKIP)“). In fact, the 
literacy skills of nursing school graduates are virtually identical to those of voca-
tional school graduates at ISCED level 3. Given this programme can be entered at 
age 16, i.e. at a lower age than the usual completion age of ISCED 3A-B, one may 
wonder whether the qualification is misclassified in ISCED level 4. At ISCED 5B, 
graduates of the lowest country-specific category, „Meister- und Werkmeisterprü-
fung, Bauhandwerkerprüfung“ (completion of the master crafts exam), achieve the 
same level of literacy skills as those who completed upper secondary vocational or 
nursing school, while those with other ISCED 5B qualifications in Austria show 18 
to 37 points higher literacy scores (the high scores refer to fairly small categories 
though). Only the aggregation of the two country specific categories corresponding 
to ISCED 5A, Master s̓ degree level, does not pose any validity problems since both 
groups perform rather equally (however, the country-specific variable does not dif-
ferentiate the type of higher education institution, polytechnic or university, where 
further heterogeneity may be hidden). 

Had other countries differentiated types of education within categories of B_
Q01a in similar ways, their results in terms of predictive power of B_Q01a relative 
to the country-specific variable might have looked similarly, too: Most country-
specific education variables in PIAAC are much less differentiated (see column “k” 
in Table 3), and the correlation between the number of categories in the national 
measurement instrument and the loss of information when predicting literacy skill 
by B_Q01a amounts to -.51.

10	 Acronyms are decoded in Table 4.
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The Netherlands is another interesting case to look at, where the most detailed 
harmonized education variable in PIAAC leads to a loss of 9% of predictive power 
with regards to literacy skills. Here, also 16 country specific education categories 
are harmonized into 9 categories. At ISCED level 2 we find 3 country specific 
categories linked to vastly different average literacy skills (see Table 10 in the 
appendix). It is in this sense problematic that two tracks in Dutch lower second-
ary education are classified as ‘general education’ in ISCED, while one track is 
actually markedly pre-vocational. Upper secondary education in the Netherlands is 
also highly stratified, with three qualifications classified as ʻISCED 3C 2 years or 
more ,̓ and another three qualifications classified as ISCED 3A-B. While the lowest 
category in ISCED 3C shows the same literacy scores as those in pre-vocational 
ISCED 2, the other two perform substantially higher, but still below those hav-
ing academic ISCED 2 as their highest attainment. In ISCED 3A-B, the largest 
and only vocational category performs 21 to 23 points lower than the two smaller 
general categories. Within tertiary education, which is also tracked in the Nether-
lands, we again find substantial literacy skill differences within ISCED 5A medium 
(Bachelor's degree level), between graduates of vocational higher education and 
traditional universities.11 It is interesting to note that ISCED 5A, Master s̓ degree 
level, and ISCED 6 are very close.

For the Czech Republic, the low performance of the ISCED variables that are 
more aggregated than B_Q01a is due to the fact that there are substantial differ-
ences in literacy skills between those classified as ʻISCED 3C 2 years or moreʼ and 
the three categories classified in ISCED 3A-B (see Table 11 in the appendix). Even 
though vocational, technical and academic ISCED 3A are associated with different 
literacy skills, their aggregation in B_Q01a does not lead to a substantial loss in 
predictive power. Summarizing ISCED 2 and ʻ3C shorter than 2 yearsʼ in ISCED 
level 2 in the aggregated ISCED variables (and ES-ISCED) does not pose any prob-
lems either. The low performance of ES-ISCED for the Czech Republic lies in the 
aggregation of upper secondary vocational education, no matter whether it gives 
access to tertiary education or not. This is the result of the unintended coding of 
ES-ISCED using orientation rather than destination (see Table 2). 

For New Zealand (for detailed results see Table 12 in the appendix), while 
B_Q01a works reasonably well, aggregation to main ISCED 2011 levels again 
comes at a price. Merging ‘ISCED 3C shorter than 2 years’ and ISCED 2 leads to 
a heterogeneous ISCED level 2 in the comparative ISCED variables because those 
classified as ISCED 2 have on average 25 and 37 points lower literacy scores. How-
ever, since these latter individuals do not actually have any educational qualifica-
tion, while the lowest general school-leaving qualification in NZL is classified as 

11	 Remember that this differentiation was not made in the Austrian education variable.
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‘ISCED 3C short’,12 one may also wonder whether the ISCED mapping for NZL is 
comparable with that of most other countries, where the first school-leaving quali-
fication is awarded at the end of ISCED level 2 and not having any qualification is 
regarded as ISCED 1 if the number of years of schooling required for completion of 
ISCED 1 is fulfilled (otherwise ISCED 0). Furthermore, at ISCED level 3, qualifi-
cations classified as ʻISCED 3C 2 years or moreʼ are related to substantially lower 
literacy skills than qualifications classified as ISCED 3A-B (differences of up to 40 
points).

Turkey shows up to be problematic in two of the categorical comparative 
variables only, namely broad ISCED levels and ES-ISCED. Why is this so? Both 
variables drop the distinction between ISCED levels 0 and 1, which is still very rel-
evant in less developed countries. Given the lower level of educational attainment 
of the Turkish population (see Table 5 in the appendix), and the consequently rather 
important distinction between ISCED levels 0 and 1 also in terms of literacy skills, 
it would thus be better for ES-ISCED to not drop the distinction between ISCED 0 
and 1 whenever including less developed countries in empirical analyses of educa-
tion effects.

To summarize, while ISCED 2011 works better in many countries than 
ISCED 1997, aggregating ʻISCED 3C 2 years or moreʼ with ISCED 3 A-B remains 
a problematic aggregation (see example for the Czech Republic and New Zealand 
here). Countries like Austria, where apprenticeship training gives access to tertiary 
education, show similar problems within ISCED 3 A-B. Upper secondary educa-
tion in developed countries is too heterogeneous in terms of skill production due to 
content, quality and place of learning to be meaningfully represented by one single 
educational attainment category. Access to tertiary education (including short cycle 
and even master crafts programs) may not be the best criterion to render categories 
comparable across countries. The tertiary qualification that allows the classification 
of apprenticeships as ISCED 3B in Austria, the master crafts certificate, actually 
also does not fit in in terms of skills, so this coding may actually be the underlying 
culprit. Countries with tracked school systems like the Netherlands would benefit 
from a more differentiated ISCED level 2, and for countries with low or late edu-
cational expansion like Turkey, the distinction between ISCED 0 and 1 remains 
important. Finally, the completion of various school grades without qualification is 
classified differently across countries (see the example of New Zealand), leading to 
comparability problems at the lower end of the ISCED classification.

12	 Educational programmes with destination C usually only prepare for the labour mar-
ket. The classification of the first general school leaving certificate in New Zealand as 
‘ISCED 3C shorter than 2 years’ strongly reminds of the disputable classification of the 
respective UK qualifications (see Schneider, 2008). 
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Conclusions and Recommendations
Respondent’s educational attainment is probably the most important single variable 
in the PIAAC background questionnaire, used as a predictor of adult skills, labor 
market outcomes, and control variable. This study evaluated a range of compara-
tive education measures, mostly based on ISCED, with respect to their predictive 
validity when using skills as validation variable, which has not been done before. 

At a theoretical level, the way that ISCED is implemented in cross-national 
surveys, including PIAAC, often does not allow studying the antecedents and con-
sequences of educational attainment with respect to program content (orientation), 
quality (destination), or place of learning, even though these are important elements 
when studying skill acquisition and labor market outcomes. Furthermore, skill 
selectivity, academic demand or place of learning that is not expressed in program 
orientation or destination as defined in ISCED can be shown to be important within 
countries (see the results for Austria regarding apprenticeship and school-based 
vocational education, and lower secondary school tracking in the Netherlands) 
but are not represented in any version of ISCED. For future cycles of PIAAC, and 
surveys where education is used as an indicator for general basic skills, it is thus 
important that general and vocational educational qualifications can be clearly dis-
tinguished and classified, and that further dimensions of education are reflected, 
such as place of learning and quality in terms of selectivity. 

Empirically, with some exceptions, the most detailed comparative education 
variable in PIAAC, B_Q01a, works rather well as a harmonized education mea-
sure. It well reflects quantity and partially also quality of education, but disregards 
content (vocational vs. general) unless this overlaps with quality. Aggregating to 
ISCED levels (2011 and especially 1997) leads to substantial reductions of com-
parative construct validity and thus comparability, which illustrates that quantity 
of education is an important dimension, but not sufficient. The implementation of 
ISCED in B_Q01a is thus definitely an advantage compared to using ISCED 1997 
main levels only, as is e.g. done in the European Union Survey of Income and Liv-
ing Conditions (EU-SILC) and recommended in the Core Social Variables (Euro-
pean Commission 2007). The validation analyses also show that ISCED 2011 main 
levels are substantially better suited for the multivariate analysis of adult skills than 
ISCED 1997 main levels, owing to the better reflection of quantity and content at 
the tertiary level. ‘Broad’ ISCED levels (low, medium, high) do not even reflect 
the quantity of education sufficiently. The analyses also show that if you aggre-
gate detailed education categories in a way that keeps the important dimension 
of content (vocational vs. general) and drops less important distinctions regarding 
quantity, like in ES-ISCED, one can achieve acceptable harmonization results with 
a variable containing just eight categories. Years of education in contrast do not 
well represent the skill information contained in country-specific education catego-
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ries, and they also do so quite differently across countries. Reducing educational 
attainment to its quantity dimension is thus not recommendable when trying to 
proxy skills (however, the relationship between education and literacy skills is, on 
average, moderate rather than strong, and thus ISCED not a good proxy for skills 
anyway, see Massing & Schneider, 2017). 

A limitation of this study, especially concerning the rather positive result 
for B_Q01a, lies in the already mixed quality of the country-specific measures 
in PIAAC. They are often no more detailed than B_Q01a – many country teams 
have implemented questionnaire items that just minimally satisfy the requirements 
of the comparative PIAAC variable B_Q01a, rather than measuring education at 
the level of detail that would have been most suitable for the respective national 
education system. If more countries measured educational attainment in more 
detail, the results would potentially look a little less positive for B_Q01a. Indeed, 
when limiting the results reported in section 4.2 to countries that have at least two 
country-specific categories merged into one category of B_Q01a13 - a very minimal 
and conservative indicator of quality - the average loss of information of B_Q01a 
amounts to 4.1% on average (compared to 2.8% when including all countries). 

A further limitation of the study may be the inclusion of sex and age as control 
variables in all models, in combination with relative R2s as the indicator for com-
parative validity: If countries differ in the partial R2 of age and gender, compara-
tive validity (the relative reduction in R2 due to education harmonization) will be 
biased, and will be biased more the higher the partial R2 of age and gender. The 
effect of gender on skills is however generally low, and the effect of age is to a sub-
stantial degree due to educational attainment (OECD, 2016a). With this in mind, 
and given the consistency between relative and absolute losses in R2s, and the fact 
that this bias is a downward (i.e. conservative) bias, it is very unlikely that the 
exclusion of controls from all models would substantially change the conclusions: if 
anything, they would become stronger. 

For secondary data analyses of PIAAC and other cross-national survey data 
involving educational attainment, it can be concluded that in order to avoid con-
founding, improve validity and thereby also comparability, education is best mea-
sured using a coding scheme that is neither too differentiated to make the analyses 
overly cumbersome, nor too simplified. ES-ISCED or ISCED 2011 levels can both 
be used, and theoretical considerations should be used in the decision for one or the 
other. Further aggregations should always be accompanied by sensitivity checks, 
comparing statistical results when using more and less detailed education variables, 
in order to make sure that the results of comparative survey research are valid and 

13	 These countries are AUT, CEN, CFR, CHL, CZE, DEU, ENG, EST, FIN, FRA, IRL, 
ISR, KOR, LTU, NIR, NLD, NZL, POL, SGP, SVN, SWE, TUR, USA. They have 16 
education categories on average, while the remaining countries (BFL, CYP, ESP, ITA, 
JPN, NOR, RUS, SVK, DNK, GRC) have 12.
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not due to measurement and harmonization artefacts. Ideally, ISCED would be 
implemented in a better way in comparative surveys, paying more attention to the 
dimensions of education to be measured. Even more ideally, ISCED itself would 
be revised again in the near future so as to better reflect the various dimensions of 
education.
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