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Abstract 

Background: Educational qualifications and literacy skills are highly related. This is 
not surprising as it is one aim of educational systems to equip individuals with com-
petencies necessary to take part in society. Because of this relationship educational 
qualifications are often used as a proxy for “human capital”. However, from a theoretical 
perspective, there are many reasons why this relationship is not perfect, and to some 
degree this is due to third variables. Thus, we want to explore the net relationship 
between educational attainment (harmonized according to the International Standard 
Classification of Education, ISCED) and literacy skills, and how much skills vary within 
education levels across countries.

Methods: We use data from 21 countries from the Programme for the International 
Assessment of Adult Competencies 2012. This paper compares the literacy skills of 
adults who achieved different levels of educational attainment across countries. Given 
the high degree of educational differentiation in most countries, we do this using a 
more differentiated educational attainment variable than what is commonly used.  In 
our analyses we firstly adjust for factors that are likely to affect access to education 
and the acquisition of educational qualifications and literacy skills, such as parental 
education and language and migration background. In a second step, we also take 
into account factors affecting skill development after initial formal education, such as 
occupation and skill use at home.

Results: We firstly find a high degree of heterogeneity of skills across countries for 
equivalent education categories. Secondly, we find skill similarities for equivalent 
education categories classified at different broad education levels, sometimes even 
breaking the hierarchical order of ‘higher education entails higher competencies’.

Conclusion: We conclude that ISCED levels cannot be taken as a cross-nationally 
comparable proxy for human capital in terms of literacy skills, and that education has 
to be harmonized in a substantively more meaningful way in future adult literacy 
surveys.
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Background
 Educational attainment and how it relates to social and migration background as well as 
labor market outcomes has been studied extensively using comparative data and meth-
ods (see for example Breen and Jonsson 2005; Heath and Brinbaum 2014; Shavit and 
Blossfeld 1993; Shavit and Müller 1998). Due to limited data on nationally representative 
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adult samples, there is much less cross-national research on these relationships taking 
basic competencies or skills into account. Research using large-scale assessment data of 
the adult population across countries has shown that education is a key determinant of 
adult basic competencies (Maehler et al. 2013; OECD 2013a; OECD and Statistics Can-
ada 2000b, 2005). This is not surprising as one aim of formal education is to develop 
basic competencies in order to prepare students for life and specifically the job market.

However, OECD (2013a) and other authors (Desjardins 2003; Park and Kyei 2011; 
Reder 2009) also show that the relationship between educational qualifications and skills 
is imperfect, meaning that formal education does not entirely explain skill differences 
amongst adults, and other factors must also play an important role. Thus we agree that 
“better understanding the link between formal qualifications and actual skills is impor-
tant because qualifications are more readily observable than skills and therefore often 
serve as an important proxy for the latter” (Heisig and Solga 2015, p. 203). The use of 
education as a proxy for skills is especially common when arguing from the point of view 
of human capital theory (Becker 1964; Steedman and Murray 2001) and other function-
alist approaches to education.1 However, there is also longstanding opposition to the 
functionalist view of education, claiming that education also or even mostly reflects the 
distribution of power in society (e.g., Collins 1971). In fact, large-scale assessments are 
largely motivated by the desire to more directly measure adult competencies than using 
educational attainment as a proxy.

In addition, policy makers may want to know whether individuals who completed a 
given level of education show the same level of competencies in their country as in other 
countries, or whether they ‘lag behind’. They are also keen to find out whether migrants 
from other countries possess similar competency levels as natives at comparable lev-
els of educational attainment. Comparable or equivalent education levels are typically 
defined by the International Standard Classification of Education [ISCED; (UNESCO 
Institute for Statistics 2006)] used in many cross-national surveys. We however do not 
yet know very much about how and why competencies differ across countries for the 
same, supposedly comparable, education levels (but see Heisig and Solga 2015; Park and 
Kyei 2011).

Prior research looking at the relationship between formal education and competencies 
(for example, Desjardins 2003; OECD 2013a; OECD and Statistics Canada 2000a, 2005) 
found that educational attainment shows the strongest relationship with competencies 
of all background variables2 examined, when adjusting for other socio-demographic fac-
tors. At the same time, there are substantial differences across countries in average profi-
ciency levels at the same broad level of educational attainment (Maehler et  al. 2013; 
OECD 2013a; OECD and Statistics Canada 2005). Part of the OECD (2013a, chapter 5) 
report also looks more closely into different factors that may affect adult literacy skills 
beyond demographics, which is an important analysis step. For example, if the higher 
educated show comparatively low literacy skills in one country, this may be due to many 

1 A notable exception is some literature on educational and skill mismatches in the labor market, which critically exam-
ines the relationship between educational certificates and actual skills (Allen and Van der Velden 2001; Green and McI-
ntosh 2007).
2 It is interesting to note that the OECD treats educational attainment as a mere ‘socio-demographic’ variable (just as 
socio-economic background, another important factor in skill development).
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of them working in occupations not nurturing competencies, i.e. the structure of the 
labor market, rather than ineffective formal education or low selectivity of educational 
transitions by skills. This kind of confounding is also referred to as compositional effects 
in the literature (Raudenbush and Kim 2002). Therefore, when trying to compare the 
relationship between formal education and competencies across countries, it is impor-
tant to adjust for these factors: otherwise, cross-country differences could come about 
through mere differences in the composition of countries according to e.g. parental edu-
cation or respondents’ occupation since some countries have more expanded educa-
tional systems than others, and they differ in their industrial and thus occupational 
structures.

Furthermore, the OECD, as most reports in official statistics, mostly uses three very 
broad education levels derived from the International Standard Classification of Educa-
tion (ISCED) 1997, by only distinguishing between (1) less than upper secondary, (2) 
upper secondary and post-secondary non-tertiary and (3) tertiary levels of education. 
Academic studies (for example Heisig and Solga 2015; Park and Kyei 2011) often follow 
this approach. Sometimes the investigation is even limited to the contrast between (1) 
less than upper secondary and (3) tertiary education. However, we know from previ-
ous research that such highly aggregated education measures may not be valid measures 
of attainment within countries (Müller and Klein 2008), and may, as a consequence, be 
cross-nationally not actually comparable (Schneider 2010). For example, if upper sec-
ondary graduates in one country are largely graduates of vocationally oriented programs, 
and in another country of academically oriented programs, lumping them together in 
one education category for analysis does not help our understanding of differences and 
similarities in outcomes of basic skill acquisition and educational selection across these 
two countries. Therefore, before jumping to conclusions about differences in the quality 
and academic selectivity of education across countries, it is important to describe ‘net’ 
skill differences by disaggregated, cross-nationally more comparable educational attain-
ment categories than has so far been done.

With our analyses we want to broaden the scope of the analyses presented by the 
OECD in 2013 based on data from the Programme of International Assessment of Adult 
Competencies (PIAAC) (OECD 2013a, chapter 3). In doing so, we build on related work 
by Desjardins (2003), Park and Kyei (2011), Maehler et al. (2013) and Heisig and Solga 
(2015). This paper has two aims: First of all, we describe how detailed educational attain-
ment relates to literacy skills across different countries. Secondly, we explore how far 
cross-country differences in skills by detailed educational attainment remain or change 
when adjusting for a wide range of micro-level variables likely to influence educational 
attainment and/or adult competencies. We will thereby be able to approximate ‘net’ 
cross-country differences and similarities in competencies by educational attainment.

With the results we hope to be able to answer the following research questions: Firstly, 
how closely are adult basic competencies related to educational attainment across coun-
tries? Are the competencies of individuals who have achieved ‘comparable’ levels of 
education also comparable, adjusting for factors related to the acquisition of formal edu-
cation and basic competencies? Do we find the same differences in skills across coun-
tries already identified in the OECD reports when looking at detailed rather than highly 
aggregated education levels and controlling for a wide range of individual level variables? 
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If we find substantial differences, these potentially point to (a) differences in the quality 
(effectiveness of skill acquisition) and skill selectivity of education between countries, (b) 
substantive lack of comparability of harmonized education categories regarding compe-
tencies as one outcome of formal education or (c) omission of important further con-
founding factors influencing educational attainment and competencies.

We first describe the theoretical relationship between detailed educational attainment 
categories and competencies, reviewing the literature and evidence in the field. Then, 
we turn to the data, measures and methods we use. In our results we show how adult 
competency scores of groups with ‘comparable’ educational qualifications vary between 
countries. We include several variables in order to disentangle which other factors could 
influence this relationship. We summarize our findings and discuss them in relation to 
potential improvements when measuring educational qualification in surveys, as well as 
opportunities for further research.

The relationship between educational qualifications and competencies
Competencies “…refer to the ability or capacity of an agent to act appropriately in a given 
situation” (OECD 2013b), especially to someone’s proficiency in performing certain 
tasks. Competencies “… represent skills essential for accessing, understanding, analyzing 
and using text-based information and, in the case of some mathematical information, 
information in the form of representations (e.g. pictures, graphs)” (OECD 2013b). We 
use the terms ‘competency’ and ‘skill’ interchangeably in this study.

Although the specific competencies measured in large-scale assessments can be 
expected to be closely related to general cognitive ability or fluid intelligence, and some 
authors treat them as almost exchangeable (Kerckhoff et al. 2001; Marks 2014) these two 
concepts are theoretically and empirically distinct. Most importantly, competencies are 
conceptualized as domain specific skills, focusing e.g. on literacy or numeracy, whereas 
fluid intelligence refers to generalized cognitive functioning (Baumert et al. 2009).

While competencies are understood as a continuum and typically unobserved latent 
characteristics, educational qualifications, going along with receiving a formal diploma, 
certificate or an academic title, reflect manifest thresholds or steps in the educational 
career. Having achieved an educational qualification usually confers some explicit 
opportunity or entitlement to the holder of the qualification, e.g. the opportunity to 
enroll in a university or (further qualify to) practice a specific occupation. Educational 
qualifications correspond to ‘institutionalized’ cultural capital (Bourdieu 1986). They 
allow the individual to objectify their embodied cultural capital, which includes com-
petencies, and “makes the difference between the capital of the autodidact, which may 
be called into question at any time […] and the cultural capital academically sanctioned 
by legally guaranteed qualifications, formally independent of the person of their bearer” 
(Bourdieu 1986). Educational qualifications facilitate the conversion of cultural capital 
to economic capital. Qualifications also serve as signaling devices (Arrow 1973; Spence 
1973) that employers, university admissions or other selecting agents can actually see 
when an applicant sends in copies of the diplomas and degrees she holds, whereas her 
actual competencies remain unobserved.

Basic competencies are “[…] the results of cumulative processes of knowledge acqui-
sition that are moderated to some extent by reasoning ability” (Baumert et al. 2009, p. 
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174). Many of these processes are facilitated by formal education. Therefore, the more 
opportunities for knowledge acquisition are provided to and used by an individual, the 
higher the level of formal education and basic competencies achieved. This point of view 
thus leads to the expectation that educational attainment and basic competencies are 
closely related. Indeed, using data from the International Adult Literacy Study (IALS), 
the Adult Literacy and Life Skills Survey (ALL) and PIAAC, OECD and Statistics Can-
ada (2000b, 2005), Boudard (2001), Desjardins (2003) and OECD (2013a), among others, 
show that across countries, education has the strongest relationship with competencies 
of all background variables examined, confirming results from the US National Adult 
Literacy Survey (Kerckhoff et al. 2001; Kirsch et al. 1993).

However, as the imperfect correlation between educational attainment and compe-
tencies suggests, knowledge acquisition and competency formation are not limited to 
formal education (Desjardins 2003): competency development is an experience that is 
both “lifewide” (occurring in the home, at school, work and in the community) and “life-
long” (starting during fetal development and continuing into old age). Practice engage-
ment theory (Reder 1994) posits that literacy is generally learned through engagement 
in literacy practices, which extend far beyond formal education. Also, some of the cor-
relation may be spurious, i.e. due to common causes. In order to assess the net relation-
ship between educational attainment and skills, we first need to theoretically reflect on 
factors affecting both success in education and skills (in the sense of common causes), as 
well as factors potentially depending on education further impacting skills (in the sense 
of mediators). Only after adjusting for these factors and thus controlling compositional 
differences across countries, we can try to better understand competency differences 
across countries within supposedly comparable education levels.

To a large extent, especially in the early years of life, competency formation, especially 
relating to language, takes place through informal learning or primary socialization in 
the family context. The family is also important in nourishing curiosity and motivation 
to learn in children. These early skills and attitudes to learning facilitate further compe-
tency gains and transitions in formal education. Therefore, the gross or total relationship 
between educational attainment and competencies will partly be due to opportuni-
ties for informal learning as well as attitudes to learning bred in the home, which dif-
fer across families. When estimating the net relationship between formal education and 
competencies, it is thus important to adjust for characteristics of the family of origin 
that likely influence their offspring’s education and skills.

The literature discusses a diverse range of family characteristics when dealing with 
educational outcomes, which can mostly be attributed to three dimensions, namely 
genetic, cultural and economic resources. Firstly, cognitive abilities or general intel-
ligence have been shown to correlate strongly between parents and their children (by 
0.4–0.7, see the review by Marks 2014, chapter 4), and, using twin and adoption studies, 
to have a substantial degree of heritability, with monozygotic twins reared apart showing 
a correlation of cognitive abilities of around 0.7 (Marks 2014). This may be due to either 
genetic or pre-natal/pre-separation environmental commonalities though. At the same 
time, cognitive abilities positively influence competency formation and success in formal 
education (Marks 2014, chapter  5). However, only few studies have both measures of 
general cognitive abilities and later specific competencies, none of them cross-national. 
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Therefore, we need to be aware that some of the effects of family characteristics that are 
described in the following will have some (maybe substantial) genetic component, and 
that some genetic effects remain unobserved.

Secondly, in terms of culture, parents’ own educational attainment is regarded as the 
most important asset boosting offspring’s educational opportunities (Erikson and Jons-
son 1996; Shavit and Blossfeld 1993): more educated parents provide a more stimulating 
home environment to their children than less educated parents, for example by read-
ing more to their children and using more complex language. They also have their own 
experience navigating the educational system and can thus better support their children 
in educational decision making, leading to higher levels of attainment. The influence of 
parents’ education on adult literacy net of formal education was already found for the 
US by Kirsch et al. (1993), cross-nationally by OECD and Statistics Canada (2000a, 2005) 
and Desjardins (2003), and confirmed with PIAAC data by OECD (2013a). Bynner and 
Parsons (2009) find in their research using British cohort study data that family back-
ground has an effect on proficiency, which is mediated through earlier skill acquisition.

Closely related with parental education is the availability of books in the home when 
growing up, commonly used as an indicator of family’s cultural capital in large-scale 
assessments. This factor mediates some of the effect of parental education, but also has 
an effect on top of that: families with low levels of formal education that nevertheless 
possess more books provide a more cognitively stimulating environment, especially 
more opportunities for engagement in literacy practice, for their children than families 
with no or fewer books (Evans et al. 2010). Children’s reading practice has been shown 
to strongly support their reading competencies (Anderson et al. 1988). OECD (2013a) 
however does not control for the number of books in the home.

Another cultural family characteristic is migration background, which has often been 
shown to affect educational outcomes (Heath and Brinbaum 2014; Heath et  al. 2008; 
Marks 2005; OECD 2012). First of all, respondents who were educated abroad may have 
had very different educational experiences, including different quality of basic educa-
tion, in their country of origin. Secondly, first generation migrants and their children will 
lack knowledge of and first-hand experience with a country’s educational system and 
thus may not navigate it in an optimal way. Thirdly, it can be assumed that respondents 
who were born in the survey country and are familiar with the survey language can more 
fully benefit from the learning opportunities provided to them in formal education than 
those born abroad or having a different mother tongue, positively contributing to both 
educational attainment and skills. Finally, the assessment is also language based so that 
respondents completing it in their native (and thus likely most proficient) language are 
expected to show higher competencies in literacy measured in this language. This has 
also been shown empirically before (Boudard 2001; Desjardins 2004; Elley 1992; Kirsch 
et al. 1993; OECD 2012; OECD and Statistics Canada 2000a, 2005). Using multivariate 
models and PIAAC data, Heisig and Solga (2015) as well as OECD (2013a) find substan-
tial effects of migration background on numeracy and literacy skills, after adjusting for 
parental education, educational attainment and occupation.

Thirdly, in terms of economic circumstances, the most often-discussed family char-
acteristic is social class or status (Breen et  al. 2010; Erikson and Jonsson 1996; Shavit 
and Blossfeld 1993). It reflects the occupational position, economic security and material 
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circumstances of the family, for example nutrition, housing and access to healthcare. 
Economically secured parents have more capacity to support their children’s learning 
than those struggling to make ends meet. Some educational resources, such as a quiet 
place to study, books or out-of-school tutoring also have direct costs. Further family 
characteristics reflecting economic circumstances during childhood are parental income 
and wealth. Since these cannot be reliably measured in a survey interviewing the chil-
dren’s generation only, they are rarely used in empirical studies. Bynner and Parsons 
(2009) provide a vivid insight into social and material conditions of literacy skill develop-
ment for Britain. Cross-national large-scale assessments have however shown consider-
ably less interest in material than cultural conditions of competency development, using 
parental education as a proxy measure for ‘socio-economic status’ (following NALS, see 
Kirsch et al. 1993) instead of differentiating cultural and economic aspects, leading to a 
gap in comparative research on this issue.

Moving on to secondary socialization in the formal education system, higher early lit-
eracy skills facilitate learning and thus performance in education, the successful com-
pletion of an educational level, and making the transition to the next higher level of 
education. Earlier literacy skills are thus predictive of later literacy skills (Bynner and 
Parsons 2009). Therefore, the relationship between education and literacy is recipro-
cal: more literate individuals stay in education for longer and achieve a higher level of 
attainment, and staying in education for longer and reaching higher levels of attain-
ment produce higher literacy (Kirsch et  al. 1993). This reciprocity however cannot be 
disentangled with cross-sectional data lacking information on skills at earlier points in 
life (OECD and Statistics Canada 2005) so that to date, no cross-national evidence is 
available on this. What however can be disentangled with available data are differences 
in skills (whether coming about by differential skill selectivity or opportunities to learn 
and practice literacy) within broad education levels, namely those between attainment 
of vocational and non-vocational educational qualifications. Given that vocational pro-
grams focus on learning of vocational rather than basic skills such as literacy, and stu-
dents with low literacy more likely select (or are selected into) vocational over generally 
or academically oriented courses, we expect average literacy skills related to vocational 
qualifications to be lower than those related to general qualifications (Heisig and Solga 
2015). This was shown to be the case for most PIAAC countries allowing this analysis by 
Maehler et al. (2013).

Finally, competency acquisition does not end with the end of formal education but 
continues through the life course especially through work (and life) experience, oppor-
tunities for skill use, as well as deliberate efforts of life-long learning. Previous research 
has shown that literacy levels of individuals indeed change after the completion of edu-
cational qualifications (Reder 2009), and more so for respondents with non-manual jobs 
because they have been able to further develop their skills throughout their working 
lives (Steedman and McIntosh 2001). Opportunities for literacy skill use as well as adult 
training strongly differ across occupations or types of jobs, even after controlling for 
educational attainment (Desjardins et al. 2006; OECD and Statistics Canada 2005). Indi-
viduals in different occupational groups, even if measured inconsistently across studies, 
therefore show diverging literacy skills, on top of education, parental education, and lan-
guage (Desjardins 2003; OECD 2013a; OECD and Statistics Canada 2000a). Also, not 
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only the work context offers opportunities for skill use, and reading for leisure or other 
forms of literacy practice outside of work have also been shown to contribute to skill 
maintenance and enhancement after formal education both for the US (Smith 1996) as 
well as cross-nationally (Desjardins 2003; OECD 2013a, chapter 5; OECD and Statistics 
Canada 2000a). With respect to adult training, using IALS data, Park and Kyei (2011) 
find that training participation is related to literacy gaps. However, they only measured 
training participation at the country level. Desjardins (2003), OECD (2013a) and OECD 
and Statistics Canada (2000a, 2005) find that adult training has an—albeit weak—effect, 
on top of formal education and other variables, since training participation is strongly 
related to formal education.

Turning to cross-country differences in the relationship between educational attain-
ment and competencies as well as skill gaps between education levels, OECD and Sta-
tistics Canada (2000a, 2005) and OECD (2013a) find that firstly, higher educational 
attainment goes along with higher competencies, but secondly, that there are marked 
differences in average competency scores across countries for equivalent levels of educa-
tion, as well as in the competency gaps between education levels. Differences in skills 
across countries are more pronounced for the low than the highly educated. Using mul-
tivariate models, Park and Kyei (2011) find that in all countries, individuals with higher 
qualifications have higher literacy skills, as measured in IALS. They also find differences 
in average literacy across countries for comparable education levels. Again, the differ-
ences are more pronounced at the lower than the higher education level. The OECD 
report (2013a) provides more detailed multivariate results in chapter 5, which does not 
substantially change the result: formal education is still considerably related to adult 
competencies, and literacy skills still vary substantially across countries for equivalent 
levels of formal education (even if less so than in the unadjusted model). In line with 
this, Heisig and Solga (2015), using PIAAC data, find that respondents with completed 
upper secondary education generally acquire higher numeracy scores than respondents 
with lower educational qualifications, and that some of the variation between coun-
tries is related to compositional effects. However, the latter only adjust for age, sex, and 
migration/language status.

Available studies to date only look at skill gaps between the high and low educated 
(OECD 2013a, chapter 3), between the medium and the low educated (Heisig and Solga 
2015) or between low, medium and high educated (Park and Kyei 2011), ignoring the 
heterogeneity of educational programs and qualifications within these broad levels. 
When unpacking broad education levels into more detailed educational attainment cat-
egories, as suggested by Schneider (2010), important cross-country differences but also 
previously hidden similarities may emerge. Different distributions of education within 
broad education categories, such as vocationally educated individuals dominating the 
medium educated in one country and generally educated individuals dominating the 
medium educated in another country, may partly explain why the same broad educa-
tion levels show different average literacy skills across countries, or why some countries 
show surprisingly small skill gaps between educational groups (look e.g. at Switzerland 
and Germany in Park and Kyei 2011) or low overall associations between attainment and 
competencies (for example, see the weak associations for Sweden, the Czech Repub-
lic and Germany in OECD and Statistics Canada 2000a, all countries with substantial 



Page 9 of 34Massing and Schneider  Large-scale Assess Educ  (2017) 5:6 

differentiation of education within broad levels). In some analyses, the OECD (2013a, pp. 
200–205) report actually looks at some of those more detailed differences by looking at 
differences between respondents with vocational vs. general upper secondary education, 
and type of education at the tertiary level, but only for age groups that are potentially 
still in education. Maehler et al. (2013) report competency by detailed education catego-
ries for Germany, finding that on average, individuals with vocational tertiary education 
achieve lower competency levels than individuals with general upper secondary educa-
tion, contradicting the general finding of higher competencies at higher education levels 
found using broad education categories. In this paper we argue that such detailed analy-
ses should be the rule rather than the exception because detailed educational attainment 
categories are more substantively comparable across countries and easier to interpret 
than broad education levels.

Summing up, we expect that parents’ education as well as migration background has 
an influence on the way competencies are developed. It is likely that part of this effect 
is mediated through educational qualifications. Furthermore, we expect individuals 
working in occupations requiring higher literacy skills, individuals who regularly read 
at home, and those who participate in adult training to better sustain or even further 
develop their competencies than individuals who do not work, work in manual occupa-
tions, do not read at home, and do not participate in adult training. Because all these 
factors are likely to be influenced by educational attainment, we furthermore expect the 
skills gaps by education to be further reduced when taking post-educational experiences 
into account. Regarding the cross-country comparison of literacy skills by detailed edu-
cational attainment, we expect substantial differences in competencies for equivalent 
education categories even when adjusting for the above micro-level factors: equivalent 
educational programs (as defined by ISCED) in different countries differ in both skill 
selectivity upon entrance, as well as effectiveness of skill development.

Data and methods
For this paper, we use data from the Programme for the International Assessment of 
Adult Competencies (PIAAC) 2012 (OECD 2013a, 2013c). PIAAC is an international 
study which assessed central basic skills which are considered essential for successful 
participation in today’s society: literacy, numeracy and problem-solving in technology-
rich environments. In this paper, we concentrate on literacy, defined as “[…] understand-
ing, evaluating, using and engaging with written texts to participate in society, to achieve 
one’s goals, and to develop one’s knowledge and potential” (PIAAC Literacy Expert 
Group 2009). In the first round of PIAAC, 24 countries took part. The focus of the study 
was on the working-age population between the ages of 16 and 65. In each country, 
respondents for PIAAC were chosen using probability based methods, thus aiming at a 
representative sample of the population. In addition to this, PIAAC data benefitted from 
a high degree of input harmonization and other high quality control standards.

We restrict the sample to respondents aged 25 and older because in many countries, 
respondents are still in their initial phase of education and not yet highly involved with 
the labor market when they are younger than 25 years (see also Desjardins 2003). In con-
trast to Park and Kyei (2011), we do not restrict our sample to young adults in an attempt 
to eliminate the effects of post-educational learning. Instead, we take advantage of the 



Page 10 of 34Massing and Schneider  Large-scale Assess Educ  (2017) 5:6 

measures of continuing training, occupational group and private reading habits available 
in PIAAC (see below) and analyze the whole PIAAC sample. Finally, in comparison Park 
and Kyei (2011) we do not restrict the sample to respondents born in the country. 
Instead we exclude respondents who have completed their highest education abroad as 
the aim is to measure the relationship between education and measured competencies 
within various educational systems.3 For our analyses we include 21 countries. We 
excluded data from the Russian Federation as the data is not representative for the whole 
resident population of the Russian Federation (OECD 2013a). We also exclude Australia, 
since this data is not publicly available, and Cyprus, because results showed unusual pat-
terns, shedding substantial doubt on comparability with the other countries, as well as 
the high degree of literacy related non-response (LRNR) in Cyprus, meaning the non-
participation because of language difficulties, or learning or mental disabilities (see 
Heisig and Solga 2015).

Measures used

Competencies (or skills) are measured using psychometric tests based on IRT scaling 
procedures (OECD 2013c). As mentioned above, in PIAAC, three different competency 
domains were measured: literacy, numeracy and problem-solving in technology-rich 
environments. The results of the scaling produced one scale for each of the domains 
assessed. Each of these scales ranges from 0 to 500. Tasks at the lower end of the scale 
are easier than those at the higher end. In order to make interpretation of the scales 
easier, each scale was divided into proficiency levels with intervals of 50 points (Levels 
1–5 for literacy and numeracy and levels 1–3 for problem-solving in technology-rich 
environment, OECD 2013b). For the purpose of this study, we have opted for literacy 
(rather than numeracy) because it is the more generally needed competency. As such, 
the acquisition of further skills such as numeracy to some degree presupposes literacy, 
and most of the numeracy test items in PIAAC were text based, too. Both scales are thus 
highly correlated.

Educational qualifications are measured by directly asking respondents for the highest 
qualification they have obtained or level of education completed, using a country-spe-
cific show card representing the relevant responses in any given country. The resulting 
categories are harmonized into a common scheme, which is based on the International 
Standard Classification of Education (ISCED) 1997 (UNESCO Institute for Statistics 
2006). ISCED 1997 main levels are known for their heterogeneity and thus risk of lacking 
validity for cross-national comparisons (Schneider 2009, 2010). Therefore in this study, 
we do not employ ISCED main levels but code the detailed ISCED variable available in 
the PIAAC data in such a way as to render the resulting categories less heterogeneous.

Not all countries provided the ISCED information in the same level of detail. With the 
PIAAC data it is not possible to distinguish program destinations “A”, “B” or “C” at 
ISCED levels 3 and 4. Instead, we distinguish whether the qualification is vocationally 

3 In order to compute this information, the age when completing the highest degree as well as the age of immigration 
was needed. However, Germany, Canada, Estonia, and the United States did not provide this information as continuous 
variable. For the three latter countries, the information had to be derived from the categorized age and can therefore 
only be treated as proxy. For Germany, the continuous variable from the German Scientific Use File (Rammstedt et al. 
2015) was used.
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oriented or not (including all qualifications that are considered ‘general’ or ’unspecified’ 
orientation).4 Due to limited cell sizes in ISCED levels 3 and 4 in a large number of coun-
tries, especially when distinguishing vocational and non-vocational education, we had to 
aggregate both levels into one. This is as close as possible to the previously tested, 
ISCED-based “European Survey Version of ISCED” (ES-ISCED) coding scheme (Schnei-
der 2010). For the final coding and the distribution of education categories across coun-
tries, see Table 1. We do not report results for cells including fewer than 30 individuals 
in this table.

The social background of respondents in both cultural and economic5 terms is mostly 
indicated by their parents’ education. Parental education is measured with broad ISCED 
levels only. Three categories can be distinguished: (1) ISCED 2 or below, (2) ISCED 3 and 
4 and, (3) ISCED 5 and 6. We have integrated the information from both parents and 
distinguish whether (1) both parents have ISCED 2 or below (reference category), (2) at 
least one parent has achieved ISCED 3 or 4, (3) both parents have ISCED 3 or 4, (4) at 
least one parent has achieved ISCED 5 or 6 or (5) both parents have completed ISCED 5 
or 6.

As another variable concerning family cultural background, we include a measure 
of books in the home when the respondent was 16 years old. Respondents were asked 
about the number of books in their home based on five different categories ranging from 
‘10 books or less’ to ‘more than 500 books’. We standardized the measure to a mean of 0 
and a standard deviation of 1.

Respondents’ migration background is measured by a combination of two indicators: 
(1) whether a respondent is born abroad and (2) whether his or her native language 
(mother tongue) is different from the assessment language. The resulting indicator dis-
tinguishes whether a respondent has the following status: (1) native-born and native lan-
guage (reference category), (2) native-born and foreign language, (3) foreign-born and 
native language and (4) foreign-born and foreign language.

The PIAAC background questionnaire provides three measures of post-educational 
experiences likely to affect skills and probably partly determined by educational attain-
ment: Firstly, we include a scale indicating whether people read at home (‘reading prac-
tice’).6 The scale was calculated by OECD based on several items on different types of 
reading activities outside work (e.g. reading of instructions, letters, books, professional 
journals etc.). It is divided into quintiles, where the lowest category reflects that respond-
ents read never or rarely (e.g. less than once a month) outside work and the highest cat-
egory that respondents read different types of texts daily or weekly (OECD 2013a, p. 
217).

4 The orientation of the highest qualification is documented in a separate variable in the PIAAC data, which was derived 
from the national educational attainment questions ex-post. Not all countries seem to have succeeded in this task, 
resulting in ‘unspecified’ (Canada and Japan, Denmark, Germany, Sweden, England/Northern Ireland, United States) 
or missing (Italy and Flanders) orientation, despite the fact that the ISCED mappings indicate an orientation for every 
educational program. We treated ‘unspecified’ and missing orientation as non-vocational, i.e. merged it with the general 
category, based on the theoretical argument that vocational programs will put less emphasis on the development of basic 
competencies. For the German data, we used the German Scientific Use File (Rammstedt et al. 2015) in order to derive 
this information from the country-specific education variable on vocational and higher education.
5 Parental education is used as a proxy for both cultural and economic resources because there is no measure of paren-
tal occupation or wealth available in PIAAC allowing us to differentiate between cultural and economic social back-
ground effects.
6 OECD (2013a) shows that reading outside work has an even stronger relationship with literacy skills than reading at 
work. Therefore, we have included this scale.
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Secondly, we also include participation in formal or non-formal education in the last 
12  months. In the following, we refer to this as training activities. Respondents were 
asked about various different training activities, such as courses and on-the-job training. 
A variable was created that separated between respondents who had taken part in any 
activities during the last 12 months or not (reference category). Beyond a direct effect on 
competencies, these respondents can be expected to have been participating in continu-
ing training in the past.

Thirdly, we include dummy variables indicating occupational group, combining infor-
mation on employment and an aggregation of major groups (according to skill levels) 
of the International Standard Classification of Occupations (ISCO) 2008 (International 
Labour Organisation 2007) and manual/non-manual work. They distinguish whether 
a respondent is (1) a skilled worker (ISCO major groups 1 to 3, i.e. managers, senior 
officials, legislators, professionals, technicians and associate professionals), (2) a semi-
skilled white collar worker (ISCO major groups 4 and 5, i.e. clerks; service workers 
and shop and market sales workers), (3) a semi-skilled blue collar worker (ISCO major 
groups 6 to 8, i.e. skilled agricultural and fishery workers; craft and related trades work-
ers; plant and machine operators and assemblers) or (4) an elementary worker (ISCO 
major group 9) and finally (5) currently not employed (reference category). We thus do 
not only distinguish whether a respondent is working or not like Park and Kyei (2011), 
but also take variation in skill use across occupational groups into account (like OECD 
2013a; Steedman and McIntosh 2001).

We finally use age and gender as control variables. Ageing may relate negatively with 
competencies due to decreasing cognitive capacities (Barrett and Riddell 2016; Desjar-
dins and Warnke 2012) and older cohorts have received less formal education (OECD 
and Statistics Canada 2000a; Shavit and Blossfeld 1993). Also, the specific educational 
experiences in (in terms of ISCED) equivalent educational programs have changed 
across cohorts. OECD (2013a) also finds age effects in multivariate models of literacy. 
As this information is not available as continuous information for all countries, it is 
categorized into 5-year age bands. Because the effect of age does not seem to be lin-
ear (Kirsch et al. 1993), we included dummies for each 5-year band, the dummy for age 
25–30 being the reference category. Previous research has shown that there are net gen-
der effects on the different competency domains in some but not many industrialized 
countries (Desjardins 2003; Maehler et al. 2013; OECD 2011, 2013a, 2015; OECD and 
Statistics Canada 2000a) so that we also include a dummy variable for gender (male = 0, 
female = 1).

Analysis method and strategy

The aim of this paper is to estimate net differences in literacy skill by educational attain-
ment across countries. In order to do so, we run country-wise multiple linear regression 
models in Stata. Our dependent variable is literacy competency, captured by ten plausi-
ble values. The main independent variable is educational attainment, measured as high-
est educational qualification obtained, coded in detailed ISCED. For the analyses, we use 
the ado PIAACtools, accounting for the complex sampling structure in PIAAC.7

7 To cross-check our results we also estimated our models using syntax-based programs based on syntax provided by 
Jan Paul Heisig. We did not find any differences.
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In our first or baseline model, we include respondents’ detailed educational attainment 
as independent variable only. This model thus estimates the gross (unadjusted) relation-
ship between formal education and competencies. The results of this model will likely 
overestimate the effect of education on adult competencies because educational attain-
ment and competencies are both to some degree caused by two common third variables, 
family conditions and cognitive ability (confounding bias, see for example Elwert and 
Winship 2013). In the second model, we thus introduce variables measuring family con-
ditions, namely parental education, migration background and books in the home at age 
16. This allows us to estimate the relationship between educational attainment and com-
petencies net of family background. We also control for age and gender in this model.

Even then, this model may still overestimate the direct impact of formal education on 
skill because so far omitted variables that are related to educational attainment may 
affect skills rather than educational attainment itself. In our third model, we thus finally 
include variables affecting skills after completion of formal educational, such as occupa-
tional group, reading at home and participation in training activities. Theoretically, these 
variables are considered to lie on the causal path between educational attainment and 
adult competencies so they may explain to some degree why educational attainment 
positively relates to literacy skills, or why the relationship between education and liter-
acy differs across countries. The resulting residual education-skill relationship is thus the 
remaining direct relationship, not total relationship, between education and skills, which 
cannot be explained by either family background or post-school skill development.8

Results
We start out by describing the unadjusted results regarding the gross relationship 
between educational qualifications and skills (Model 1, see Table 3 in appendix for more 
details), and then turn to the adjusted regression models, first describing differences 
compared to the unadjusted model when adjusting for antecedents of education and 
skills (Model 2, see Table 4 in appendix for more details), and second describing further 
differences when also adjusting for post-education factors of skill development (Model 3, 
see Table 5 in appendix for more details).

Figure 1 shows average literacy scores by detailed education categories for all PIAAC 
countries (basically, conditional means) resulting from Model 1. According to this 
model, the different ISCED categories follow the same order in most countries, meaning 
that higher level educational qualifications are associated with higher literacy skills, and 
within ISCED levels, non-vocational education is usually associated with higher compe-
tencies than vocational education. For example, in all countries, respondents with less 
than lower secondary education have lower average literacy scores than respondents 
with completed lower secondary education, and those in turn have lower average scores 
than respondents with completed vocational and non-vocational upper secondary 

8 We distinguish models 2 and 3 for two reasons: firstly, because we want to estimate the total net relationship between 
education and skills, which is achieved by model 2, where entering variables on the causal path from education to 
skills (like in model 3) would introduce overcontrol bias (Elwert and Winship 2013). Secondly, model 3 is, like many 
approaches trying to disentangle direct and indirect ‘effects’, at risk of endogenous selection bias (Elwert and Winship 
2013): rather than conceptualizing occupation, reading habits and adult learning as a mediator between formal educa-
tion and skills, they could also be regarded as common outcomes (descendants) of education and skills. In this alterna-
tive theoretical model, they would be collider variables and controlling for them would introduce a spurious association 
between education and skills. Still we consider the estimation of model 3 worthwhile in order to control for composi-
tional effects regarding post-educational experiences between countries.
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education. Within tertiary education, we find considerable differences between qualifi-
cations from short programs that are vocationally oriented (ISCED 5B, usually 2–3 years 
duration full-time) and academic degrees at Bachelor level (ISCED 5A medium) for all 
countries in which qualifications classified as ISCED 5B exist.

However, there are some remarkable exceptions to the hierarchical ordering of average 
literacy skills by education category, mostly affecting upper secondary and vocational 
tertiary education. The first one are respondents with ISCED 3 or 4 non-vocational in 
comparison to respondents with vocational tertiary education (ISCED 5B): the former 
group achieves significantly higher or at least comparable (average) competency scores 
than the latter group in several countries (especially Austria, Finland, the Netherlands 
and Germany). However vocational tertiary qualifications consistently go along with 
higher competencies than vocational upper secondary ones. Another exception is that in 
Germany, non-vocational upper secondary graduates even slightly (and significantly) 
outperform tertiary graduates with degrees from medium-duration 5A (i.e. academic) 
programs—a group that is comparatively small though and potentially negatively 
selected due to Bachelor’s degrees having been introduced in Germany only recently.9 
Finally, in Estonia, graduates from long (Master’s level) academic tertiary programs show 
9 points lower literacy scores than those from medium (Bachelor’s level) duration pro-
grams. Here again, the Bachelor’s level category is rather small though.

9 The common pre-Bologna qualification from polytechnic higher education (‘Diplom Fachhochschule’) should have 
been classified here, too, but individuals with this qualification are included in the ISCED 5A long category because the 
measurement instrument used in PIAAC does not differentiate them from university graduates.
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Fig. 1 Literacy skills by detailed educational attainment and country, unadjusted. Source: Programme for 
the International Assessment of Adult Competencies (PIAAC), 2012; own calculations. Notes ISCED = Inter-
national Standard Classification of Education. Sample is restricted to adults aged 25–65 years in 2011 and to 
respondents who completed their highest educational qualification in the country they participated in for 
PIAAC. a ISCED 5A BA for England/Northern Ireland includes both BA and MA, as well as ISCED 6
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In some cases, while the order is not broken, there are only very small competency dif-
ferences between categories located at different main ISCED levels: respondents in Flan-
ders and Spain with ISCED 3 or 4 vocational in comparison to ISCED 2 or 3C short only 
achieve average literacy levels which are 7 points higher. The difference of mean compe-
tency scores between respondents with ISCED 3 or 4 non-vocational and qualifications 
from vocational tertiary education (ISCED 5B) is small in the Czech Republic, England/
Northern Ireland, Norway and Estonia, and the difference between the former and those 
with medium-duration, i.e. Bachelor’s level, university programs (ISCED 5A) is small in 
Austria, Flanders, Finland and the Netherlands.

Looking more closely at vocational and non-vocational qualifications at ISCED lev-
els 3 and 4, we find substantial literacy skill differences in two-thirds of the countries. 
In total, in ten out of 21 countries, respondents with non-vocational education show a 
statistically significantly higher average literacy score than respondents with vocational 
education. The highest differences can be found in Germany and Finland, where non-
vocational upper secondary education is associated with average literacy scores that are 
42 or respectively 39 points higher than vocational education. While respondents with 
vocational upper secondary education on average score slightly higher than respondents 
with non-vocational education at this level in the United States and Canada (9 and 8 
points respectively), these differences are not statistically significant. The within-upper 
secondary competency differences in Estonia, Ireland, Japan and Korea seems to be 
almost negligible and are statistically not significant in Estonia and Ireland.

Turning to differences between countries within detailed education categories, in all 
educational groups, we see a range of about 40–60 competency scores, i.e. about one 
competency level, between the countries with the highest average competency scores 
and the lowest average scores in all education groups. The range is especially high in the 
lowest educational group, i.e. for respondents who have no educational qualification or a 
qualification below ISCED level 2 (ranging from average competency scores of 179 in 
Denmark to 236 in Finland). In most countries, the group of low educated adults is very 
small, however, accounting for only 5.6% of all respondents across countries (see 
Table  1). With respect to completed lower secondary education, we find somewhat 
smaller competency differences of around 45 points between countries. Finland, Japan 
and England/Northern Ireland10 score highest in this group with around 260 points and 
the United States the lowest with 217 points. Looking at the completion of vocational 
upper and post-secondary education (ISCED 3 and 4) we find similar cross-national dif-
ferences (a difference of 44 points between Japan with 289 and Spain with 245 points). 
The cross-country range is, with 53 points, rather large again for non-vocational upper 
and post-secondary education (United States: 257, Finland: 310). For vocational tertiary, 
Bachelor and Master level education the ranges are 37, 46 and 46 points respectively.

10 This result is different from what is usually found for the UK, because we reclassified all respondents with GCSEs, the 
main general school leaving qualification at age 16 which is required to proceed to A-Levels, which in turn give access 
to university studies, to ISCED level 2. In OECD statistics, only those with ‘weak’ GCSEs (less than 5, or grades lower 
then C) are classified at ISCED level 2. Our reason for doing so is that other countries classify such programs at ISCED 
level 2, and this is in better accordance with ISCED criteria. While ISCED category 3C was never meant to be used for 
general educational programs, the UK classifies their GCSEs at ISCED 3C if the result is ‘strong’ (5 or more at grades A 
to C). Using the official ISCED mapping for the UK, the competency levels at lower and upper secondary education in 
England/Northern Ireland would be much lower. Unfortunately, the international organizations have only very limited 
influence on how countries assign educational programs and qualifications to ISCED, which opens the door to politically 
motivated classification decisions.
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This also means that respondents with more education score lower on the literacy 
scale in some countries than respondents with less education in other countries. As an 
example, respondents with ISCED 3 or 4 non-vocational in Finland score about one 
competency level above respondents with ISCED 5B in Spain. Therefore, in terms of 
literacy skills, ISCED categories are neither substantively comparable nor consistently 
ordered across countries, at least when looking at the unadjusted means.

In terms of overall strength of the association as measured by explained variance 
in this bivariate model, we can see that it also varies considerably between countries: 
The adjusted R2 for the Estonia is 0.15, for the Czech Republic 0.18 and for Austria 
0.19, while the value is 0.32 for Flanders, and 0.34 for France and the Netherlands (see 
Table 2). Education and literacy competency thus seem to be more closely related in the 
latter countries than in the former, but in all countries the association is far from perfect. 

When looking at the results of model 2 adjusting for age, gender, parental education, 
migration background and books in the home at age 16 (Fig. 2), the hierarchy of skills 
between ISCED levels remains mostly the same as in model 1. The negative literacy gap 
between respondents with ISCED 3 or 4 non-vocational and respondents with ISCED 
5B has substantially decreased in all countries with the exception of Germany and the 

Table 2 Explained variance (adjusted R2) for  three models. Source: Programme for the 
International Assessment of Adult Competencies 2012

Sample is restricted to adults aged 25–65 years in 2011 and to respondents who completed their highest educational 
qualification in the country they participated in for PIAAC. Model 1 includes literacy skills by detailed educational 
attainment. Model 2 adjust for age, gender, parental education, migration background and books in the home at age 16. 
Model 3 additionally adjusts for occupational group, reading at home, and participation in training activity

Adjusted R2 Increment to R2 
from model 1 to

Model 1 Model 2 Model 3 Model 2 Model 3

Austria 0.19 0.30 0.33 0.11 0.03

Canada 0.23 0.36 0.41 0.13 0.05

Czech Republic 0.18 0.23 0.26 0.05 0.03

Denmark 0.24 0.38 0.42 0.13 0.04

England/N. Ireland (UK) 0.23 0.33 0.37 0.10 0.04

Estonia 0.15 0.24 0.26 0.09 0.02

Finland 0.28 0.40 0.43 0.12 0.03

Flanders (Belgium) 0.32 0.41 0.43 0.09 0.02

France 0.34 0.41 0.43 0.07 0.02

Germany 0.28 0.39 0.42 0.10 0.04

Ireland 0.28 0.35 0.37 0.07 0.02

Italy 0.24 0.29 0.31 0.05 0.02

Japan 0.22 0.32 0.33 0.10 0.01

Korea 0.31 0.37 0.39 0.06 0.02

Netherlands 0.34 0.48 0.50 0.13 0.02

Norway 0.23 0.40 0.43 0.17 0.03

Poland 0.22 0.26 0.28 0.04 0.02

Slovak Republic 0.22 0.26 0.27 0.04 0.01

Spain 0.31 0.39 0.41 0.09 0.02

Sweden 0.24 0.47 0.50 0.23 0.03

United States 0.31 0.42 0.44 0.10 0.03

OECD average 0.26 0.35 0.38 0.10 0.03
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Netherlands, however. When comparing vocational and non-vocational qualifications at 
ISCED level 3 and 4 while adjusting for various background variables, we still find lower 
competencies for vocational qualifications in ten countries. However, the gap between 
these qualifications has diminished in all countries but the Netherlands, especially in 
Germany and Finland, and to a lesser extent in Austria. The difference is still significant, 
and in Germany and Finland they remain substantial. Japan, Korea, Ireland and Estonia 
join Canada and the United States in vocational upper secondary education leading to 
the same or even slightly higher literacy skills as non-vocational upper secondary educa-
tion. Turning to the differences between vocational and general/academic education at 
tertiary level, we find that also in model 2 respondents with a general education score 
higher in literacy than respondents with a vocational qualification in all countries. Simi-
lar as for ISCED level 3 and 4, the gap between qualifications classified as ISCED 5A 
Bachelor level and ISCED 5B is lower now than in model 1. Especially in Estonia, Fin-
land and Austria, this gap diminished after the adjustment but especially in the former 
two countries it remains quite substantial and significant. In summary, while some of 
the relationship between educational attainment and literacy skills is due to social back-
ground and migration/language status, formal education still makes a large difference 
for the achievement of adult literacy skills, whether because of differential skill selectiv-
ity or differential skill acquisition in different programs.
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Fig. 2 Literacy skills by detailed educational attainment and country, adjusting for age, gender, parental 
education, migration background and books in the home at age 16. Source: Programme for the International 
Assessment of Adult Competencies (PIAAC), 2012; own calculations. Notes ISCED = International Standard 
Classification of Education. Sample is restricted to adults aged 25–65 years in 2011 and to respondents who 
completed their highest educational qualification in the country they participated in for PIAAC. Reference 
categories: 25–30 years, male, both parents ISCED 2 or below, no migration background, standardized meas-
ure of books. a ISCED 5A BA for England/Northern Ireland includes both BA and MA, as well as ISCED 6
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In Model 2, the competency gap between respondents with high and low educational 
qualifications is smaller than in the unadjusted model. However, as in the unadjusted 
model, there are still large competency differences between respondents with ‘equiva-
lent’ educational qualifications across countries. Only for respondents below ISCED 
level 2, the differences across countries diminish between model 1 and model 2. For 
lower secondary or non-vocational upper secondary education and, to a lesser extent, 
for the different qualifications at the tertiary level, the differences between the country 
with the highest and the lowest average proficiency even increase: in the Netherlands, 
respondents at level 3 or 4 vocational achieve 318 points, while in the United States 
respondents achieve 254 points—a competency gap of more than half a competency 
level and 10 points more than in model 1. So while adjusting for important antecedents 
of both educational attainment and skills reveals that the low levels of literacy of the low 
educated are to a large extent explained by social and migration background, differences 
across countries in composition by social and migration background do not make cross-
country differences in literacy skills for comparable education categories disappear—on 
the contrary. Also the countries are ordered more similarly across education categories 
in terms of average literacy skills than in model 1, with Finland, the Netherlands and 
Japan always amongst the top and Italy, the Slovak Republic and the United States always 
amongst the bottom performers.

Between models 1 and 2, the adjusted R2 has increased by almost 10% (from 26 to 
35%) on average across countries. The strongest increase can be seen for Sweden, where 
the adjusted R2 for model 2 is 47%, up from 24% in the unadjusted Model 1 (see Table 2). 
This may be due to the Swedish educational system not being very selective, an edu-
cation policy measure to counter social inequalities in education, but skill develop-
ment still strongly depending on family background. Therefore, formal education is not 
as strongly a mediator of social background effects on skills in Sweden as it is in other 
countries.

In model 3, we have introduced further adjustments, namely variables which are 
likely to affect literacy skills after initial education (Fig.  3). These were occupational 
group, reading at home, and participation in training activities in the last 12  months. 
After introducing these variables, the general patterns we already saw in models 1 and 2 
remain the same. We will only highlight the most important differences. In model 3 the 
skill differences between different educational groups become even less distinct within 
each country, this time specifically in the top education categories: the highly educated 
have substantially better opportunities for further developing their literacy skill in their 
working lives than the lower educated, and they also read more in their leisure time. 
However, we can still find considerable differences in literacy skills between respondents 
in the same ISCED category across countries.

In comparison to models 1 and 2, we see that the hierarchy of educational lev-
els is less obvious. In particular, this concerns the differences between non-vocational 
ISCED 3 and 4 qualifications and qualifications at ISCED level 5B. As in model 1 and 
2, in some countries, respondents with ISCED 3 or 4 non-vocational score higher than 
respondents with ISCED 5B. What has changed, however, is the gap between these two 
which became smaller in all countries. It can now be observed in several countries that 
respondents with lower secondary education (ISCED level 2 or 3C short) score higher 



Page 21 of 34Massing and Schneider  Large-scale Assess Educ  (2017) 5:6 

than respondents with ISCED level 3/4 vocational (Flanders, England/Northern Ireland, 
Finland and Norway). This hints at the literacy skill advantage of those with vocational 
upper secondary education compared to those with lower secondary education in model 
2 being due to their more favorable labor market placement and reading habits rather 
than their vocational upper secondary education itself (however, their labor market 
placement to some degree depends on it obviously). Furthermore, we also find in model 
3 that literacy scores of respondents with ISCED level 3 or 4 non-vocational do not differ 
much from scores of respondents with Bachelor level education (with the exception of 
Canada, Estonia, Ireland, Japan, Korea, Sweden and the United States).

Comparing fully adjusted average literacy by ISCED levels across countries, we see 
that the gap between countries scoring the highest and scoring the lowest has dimin-
ished for the lowest educational group but has increased for ISCED levels 3 and above. 
For respondents below ISCED 2, the score is 239 for Sweden and 210 for Denmark, a 
competency gap of a bit more than half a competency level. It was 56 points in Model 1. 
At ISCED 5B, the competency gap between countries increased from 37 points (between 
Japan with 304 and 266 in Spain) to 49 points (between Japan with 298 and Spain with 
249). Altogether, even after adjusting for a wide range of factors, there are still substan-
tial differences in average literacy skills between countries for supposedly comparable 
education categories.
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Fig. 3 Literacy skills by detailed educational attainment and country, additionally adjusting for occupational 
group, reading at home, and participation in training activities in the last 12 months. Source: Programme for 
the International Assessment of Adult Competencies (PIAAC), 2012; own calculations. Notes ISCED = Inter-
national Standard Classification of Education. Sample is restricted to adults aged 25–65 years in 2011 and to 
respondents who completed their highest educational qualification in the country they participated in for 
PIAAC. Reference categories: 25–30 years, male, both parents ISCED 2 or below, no migration background, 
standardized measure of books, not currently working, low score on reading at home scale, participated in 
formal training during the last 12 months. a ISCED 5A BA for England/Northern Ireland includes both BA and 
MA, as well as ISCED 6
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The adjusted R2 suggests that with model 3 not more variance in skills can be explained 
in all countries, in contrast to model 2. This suggests that the background variables in 
model 2 seem to be more important in explaining the variation in literacy skills. Intro-
ducing the additional mediating variables in model 3 does not add explanatory power to 
the model. However, since the effects of education on skills somewhat decrease between 
models 2 and 3 in most countries, those additional variables mediate some of the effects 
of educational attainment on skills so that model 3 can be interpreted as showing the 
relationship between educational attainment and literacy skills ‘net’ of labor market 
experiences and cross-country differences therein.

Summary and discussion
We find considerable differences across countries in the average literacy skills associated 
with supposedly equivalent education levels, as well as in the strength of association of 
educational qualifications and skills. Our results suggest that some of these differences 
are due to differences across populations in characteristics that influence education and 
skill acquisition before achieving educational qualifications, such as family background, 
as well as experiences that occur after the completion of educational qualifications, such 
as daily reading practices and the job situation. However, even after adjusting for a wide 
range of correlates of education and literacy skills, substantial cross-country differences 
in average skills within education categories remain—and in some cases even become 
stronger. In contrast to Park and Kyei (2011), we do not find that the differences between 
countries are smaller at higher education levels than at lower education levels, which 
may be due to our more comprehensive set of controls as well as a broader set of coun-
tries covered in PIAAC than in IALS.

Furthermore, confirming results by Maehler et al. (2013) for Germany on an interna-
tional scale, we find substantial heterogeneity in literacy within broad education levels 
across countries. This shows that it is in fact worth looking at detailed education catego-
ries rather than just broad heterogeneous levels. The cross-country differences in skills 
by detailed education categories seem to be related to characteristics of the respective 
educational systems: In those countries where there are no substantial skill differences 
between vocational and non-vocational qualifications at the upper secondary level (Can-
ada, Estonia, Ireland, Japan, Korea and the United States), vocational education is not 
very vocationally specific, which may mean that in such ‘pseudo-vocational’ programs 
literacy competencies are improved as much as in general programs. Another poten-
tial explanation, however, is that the results reflect sorting and educational choices by 
competency: In the above countries, skill selectivity may not differ between (pseudo-)
vocational and non-vocational programs. In contrast, in countries with a strong voca-
tional upper secondary system, such as Germany and Finland, people who initially have 
a higher literacy competency follow more general tracks while people with lower com-
petencies engage in vocationally oriented programs.

This puts the validity of broad education levels as proxies for general skills into con-
siderable doubt: In many countries, specifically those with distinct vocational training 
systems, graduates of vocational education and training have substantially lower lit-
eracy skills than graduates of non-vocational education at both the upper secondary 
and tertiary levels. Literacy skills are usually analyzed and reported in only three broad 
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education levels (low, medium and high) and our results suggest that average literacy 
scores by broad education level for any given country seem to dependent to a large 
degree on the prevalence of the vocationally educated groups within those levels.

Available comparative research on differences across countries in adult competencies 
for comparable education groups concentrate on differences in the organization of or 
resource inequality within educational systems (Heisig and Solga 2015; Park and Kyei 
2011). Another explanation concerns differences between countries in the selectivity of 
specific educational categories. We cannot tell whether the skill differences that we find 
within broad education levels can be explained by selection effects or skill acquisition 
effects. This is due to the fact that variables such as prior learning experiences, cognitive 
ability and—relevant for differences at tertiary level—literacy skills at completion of sec-
ondary education cannot be accounted for with PIAAC.

There is, however, also an interpretation for these results that concerns the methodol-
ogy of PIAAC, and specifically the measurement of educational attainment using ISCED. 
The ISCED classification criteria (UNESCO Institute for Statistics 2006), which are 
admittedly proxy-criteria due to lacking direct indicators, may be ill-suited to capture 
the actual complexity of content of educational programs, the concept ISCED intends 
to measure. The complexity of content of an educational program should theoretically 
be quite strongly related to the average literacy skills that completers of the program 
show, because literacy skills highly correlate with other types of general skills. The most 
important classification criteria defined by ISCED are typical age of entry into an edu-
cational program and theoretical program duration, together forming the cumulative 
duration of education at the end of the program. Sometimes additionally a minimum 
entry requirement in terms of a level and/or type of program previously completed, or 
the level and/or type of program the program to be classified is designed to prepare for, 
are also defined. Obviously, these criteria exclusively refer to the structure of educa-
tional systems, not to the complexity of content and related demand placed on learners 
or even skill outcomes. In fact, we are not aware of any study evaluating the extent to 
which the ISCED criteria do capture complexity of content. Our results make us skepti-
cal in this regard: Even though ISCED offers the tools to distinguish between general and 
vocational education, for the same duration of education, equal complexity of content 
is assumed for vocational and general programs, and thus they are assigned to the same 
main ISCED level. Our research however suggests that in terms of literacy, the complex-
ity of content of vocational programs may be substantially lower, so they more strongly 
draw in participants from the lower end of the skill distribution at the completion of 
the previous level, especially in countries with highly occupationally specific vocational 
training. The current ISCED criteria seem, on their own, incomplete to well differentiate 
educational programs by their degree of complexity of content.

Limitations of the study are similar to those of previous studies using IALS, ALL or 
NALS data, because by and large, these surveys share some design weaknesses (see 
also Desjardins 2003; Kerckhoff et al. 2001; Park and Kyei 2011): incomplete measures 
of family conditions and post-school experiences as well as the absence of a measure 
of generalized cognitive ability or literacy skills at earlier time points lead to residual 
confounding, so that data better describing learning contexts during childhood, youth 
and adulthood would improve the interpretability of results. Because these variables are 
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not measured in PIAAC, the estimation of the net effect of level of education on lit-
eracy skills is problematic, as the influences of theses variables cannot fully be accounted 
for. Therefore the education effect is likely still overestimated in models 2 and 3. in the 
absence of panel (let alone experimental) data, it is impossible to correctly model causal 
relationships between formal education, adult competencies, and their mediators such 
as employment, occupation, adult training or reading practice and thus better under-
stand the skill formation process and make public policy recommendations (Rauden-
bush and Kim 2002). Basically, research based on cross-sectional surveys such as PIAAC 
cannot differentiate between the theoretically equally plausible causal mechanisms of lit-
eracy selection (i.e. students with higher literacy progressing further or to different types 
of programs in formal education) and literacy development (i.e. formal education pro-
ducing higher literacy) distinguished by Reder (1998). This is especially relevant for the 
differences between vocational and non-vocational upper secondary education, as well 
as results at the tertiary level.

Another issue that needs to be considered when interpreting our results are differ-
ences in ‘literacy related nonresponse’ (LRNR) across countries. The number of literacy 
related non-respondents ranges between 0% (Finland, Poland and Sweden) and 5.2% 
(Flanders) in our sample (OECD 2013a). Van de Kerckhove et  al. (2013) show that a 
LRNR share of 2% has little impact on the overall score but that significant bias can be 
introduced with a share of 8% LRNR. This needs to be considered when interpreting the 
results of our analyses as it can be assumed that literacy related non-response is related 
to lower literacy skills in the interview language (Van de Kerckhove et  al. 2013). This 
means that countries with a higher share of LRNR are likely to have lower literacy skills 
than reported. Furthermore, it is likely that LRNR occurs more often in lower educa-
tional groups in most countries.

Conclusions
We would like to offer two kinds of conclusions: one for researchers trying to proxy 
competencies with information on educational attainment, and one for future PIAAC 
studies. With respect to the first issue, looking at detailed ISCED categories reveals skill 
similarities across and differences within ISCED main levels, which means that for ana-
lyzing skills, ISCED levels show a low degree of validity. Therefore, analysts trying to use 
educational attainment data to proxy differences between individuals in literacy (or 
other general basic) skills should not use ISCED main (or even broad) levels, but rather 
code detailed education categories according to their competency outcomes. This means 
that individuals with qualifications from vocational tertiary education should be aggre-
gated with individuals with non-vocational upper secondary education (ideally ISCED 
level 4 only) rather than with individuals with academic tertiary qualifications, as is usu-
ally done, or, better still, be kept separate. Furthermore, given the strong differences 
between vocational and non-vocational upper secondary education in a large number of 
countries covered in PIAAC, these two categories should also be coded separately when-
ever possible, at least for those countries where skill differences are large. In many 
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countries, the average competencies of the vocationally educated are closer to those of 
individuals with lower secondary education (ISCED level 2) than to those of individuals 
with non-vocational upper secondary education. Basically, when proxying competen-
cies, in countries with strong vocational training systems the vocationally educated 
should, be downgraded to the next lower ISCED level.11

Regarding recommendations for PIAAC, there are several points to make. Firstly, 
despite the fact that formal education is undisputedly the most important context of skill 
formation, educational attainment is treated in adult literacy surveys such as PIAAC as 
a mere ‘background variable’. As a consequence, it is not as well measured as one might 
wish: For example, qualifications resulting from vocational and general programs, or 
between those preparing primarily for university and those preparing primarily for the 
labor market, are not easily distinguished even though these differences can be expected 
to be important for literacy skill formation. The variable on orientation was not speci-
fied ex-ante, apparently leading to ex-post coding problems for many countries. As 
another example, the differentiation between the Bachelor’s and Master’s level cannot 
be drawn in all countries due to limitations of the measurement instruments. In the UK, 
it cannot be drawn at all, and in Germany, there is a large element of misclassification 
in these categories of the variable. Therefore, we would strongly recommend (1) to give 
the relationship between educational attainment, basic skills and labor market outcomes 
more theoretical thought and thus specify more relevant and valid harmonized target 
variables, and (2) to put more quality control into place regarding the ex-ante output-
harmonization of educational attainment in any future PIAAC cycle (regarding the 
harmonization of education in comparative surveys, see e.g. Schneider 2010; Schneider 
et al. 2016; Wolf et al. 2016).

Secondly, we do not know anything about the pathway an individual has taken through 
the educational system, i.e. how the highest qualification that is measured was achieved. 
Different pathways, especially in countries where multiple options are available at every 
transition point, are likely to provide different access barriers and learning environ-
ments, and thus result in different literacy skills. Fortunately, OECD is already investi-
gating these issues for the upcoming PIAAC cycle. Thirdly, we would strongly suggest 
enriching the set of background variables to be more able to tease out different causal 
mechanisms concerning adult skill development and avoid conflating many differ-
ent effects in the measure of parental education. Without going full-scale longitudinal, 
causal modeling more strictly speaking will of course remain impossible.

Finally, we would like to offer some ideas for further research: Firstly, it would be 
worthwhile to extend this study by also including the nine PIAAC round 2 countries for 
which data were collected in 2014. Given these countries are less developed than round 
1 countries, we would expect to find even more variation in literacy skills by educational 
attainment. Secondly, we have ignored potential interaction effects in this study in order 
not to overcomplicate the models. Most importantly, it is quite plausible that the rela-
tionship between education and literacy skills changes across cohorts, mostly because 
younger generations have benefited from educational expansion (Shavit and Blossfeld 
1993) and formal education can be expected to be more relevant to the skills of younger 

11 This does not imply that vocational education is generally less valuable than general education—only that, in terms of 
literacy skill outcomes, it is not comparable to general education at the same level of education.
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individuals just because they have left education more recently. Thirdly, one could try to 
systematically scale educational attainment by directly assessed skills across countries 
to develop more comparable measures of skills, based on information on educational 
attainment coded in ISCED only, which could then also be applied to other data than 
PIAAC. One could also use PIAAC data for benchmarking specific ISCED categories 
for specific age groups across countries, following the approach taken by. Finally, the 
obvious next step in substantive analysis would be to investigate contextual effects on 
cross-country differences in competencies at given education levels or gaps between 
specific education levels, building on prior research by Park and Kyei (2011) and Heisig 
and Solga (2015). In our view it is important to learn more about the individual deter-
minants of adult skills and how these differ across countries, since this could provide us 
with important lessons for the future: it is very clear that adults to a large extent trans-
mit their competencies to their children in most if not all countries. Because of data 
constraints, prior sociological research has largely focused on inequality of educational 
opportunity in terms of educational attainment (for a review, see Breen and Jonsson 
2005). With PIAAC data, as limited as they may be in terms of background measures, it 
is possible to add to this the study of social inequality in competencies across countries.
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