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This study contributes to the literature by examining the evolution of socio-economic disparities in
literacy skills between age 15 and 27. It uses combined cross-sectional data from the Programme for
International Student Assessment and the Programme for the International Assessment of Adult
Competencies in 20 countries and adopts a synthetic cohort approach. In the article we examine if
there are differences in the evolution of socio-economic disparities in literacy between the teenage
years and young adulthood among high-achieving students (90th percentile) and among low-
achieving students (10th percentile) and compare differences across education systems. We used
parental education as an indicator of socio-economic status. Findings indicate that on average, dis-
parities in literacy skills observed at age 15 widen by 15% of a standard deviation by age 27. Such
increase is determined by a more pronounced growth in achievement among individuals with ter-
tiary educated parents than among individuals whose parents did not complete tertiary education.
The increase in socio-economic gaps between age 15 and 27 is more pronounced among low-
achieving students. The group that improves the most between age 15 and 27 is low-achieving indi-
viduals with tertiary educated parents. We find that socio-economic differences in educational
attainment, NEET status and use of skills at home and in the workplace explain a large part of
socio-economic disparities in literacy achievement among young adults. Although countries with
above-average disparities at age 15 tend to also display above-average disparities at age 27, we iden-
tify differences across countries.
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Introduction

Socio-economic disparities in educational attainment and achievement are generally
considered to be both a cause (Card, 1999; Oreopoulos & Salvanes, 2011) and a con-
sequence of broader social and economic disparities (Bjorklund & Salvanes, 2011;
Holmlund et al., 2011; Pokropek et al., 2015). Socio-economic disparities in aca-
demic achievement have attracted the attention of researchers and policymakers since
the 1960s (see e.g. Coleman et al., 1966; Peaker, 1971; Jencks ez al., 1972 and com-
prehensive reviews such as White, 1982; McLoyd, 1998; Sirin, 2005), although it
remains unclear if such disparities have increased globally over the past 50 years, a
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period marked by major educational expansions worldwide (Marks, 2013; Chmie-
lewski, 2019). The observation that the distribution of achievement differs systemati-
cally and in predictable ways across students with a different socio-economic
background, and that educational attainment and achievement are associated with
high economic and social returns (Goldin & Katz, 2008; Brynjolfsson & McAfee,
2014; Castex & Kogan Dechter, 2014), has spurred academic research and policy
work aimed at creating conditions that foster equitable educational opportunities
(UNESCO, 2015; OECD, 2018; European Commission, 2019).

International large-scale assessments (ILSAs) have played an important role in this
context. They have been used to identify between-country differences in socio-
economic disparities in academic achievement and to relate such differences to how
instruction is organised and resources are allocated (UNESCO, 2015; Mullis et al.,
2016; OECD, 2018).

An important shortcoming of current comparative evaluations of socio-economic
disparities based on evidence from ILSAs relates to the fact that typically ILSAs target
specific grades or age groups and, as such, can only provide evidence on socio-
economic disparities at a particular point of students’ educational careers or at a
specific age. For example, data from the Programme for International Student
Assessment (PISA) refer to 15-year-old students, the Progress in International Read-
ing Literacy Study (PIRLS) refers to fourth graders and Trends in International
Mathematics and Science Study (TIMSS) refers to fourth and eighth graders.

Attempts have been made to go beyond cross-sectional evidence. Some studies
examined cross-country differences in trajectories from childhood into the teenage
years in socio-economic disparities in achievement (Ammermueller, 2006; Jerrim &
Choi, 2013; Dammrich & Triventi, 2018). Others have examined cross-country dif-
ferences in trajectories from childhood into the teenage years in disparities in achieve-
ment growth, to identify if widening or shrinking disparities are the result of
differential skill accumulation and/or decline in different countries (Jakubowski &
Pokropek, 2015). By contrast, although comparative evidence has been developed to
examine the evolution of disparities in achievement from the teenage years into young
adulthood (Green & Pensiero, 2016; Borgonovi ez al., 2017; Dammrich & Triventi,
2018; Pensiero & Green, 2018), so far there is no cross-national evidence on how
achievement growth evolves across different socio-economic groups. This is the gap
we fill in this work. We provide the first comprehensive analysis of how socio-
economic disparities in achievement evolve between the teenage years and young
adulthood in 20 countries, both in the overall population and among high and low
achievers.

The aim of this study is fivefold. First, we develop ex-post standardised measures of
achievement in literacy in the teenage years (age 15) and young adulthood (age 27).
Second, we identify if differences in achievement growth depend on socio-economic
status (SES). That is, we provide new cross-national evidence on how levels of
achievement change over time and among different groups. Third, we examine differ-
ences in achievement growth among low-achieving and high-achieving students.
Fourth, we examine to what degree access to opportunities for formal, non-formal
and informal learning beyond compulsory school differ across SES groups, and if this
contributes to achievement differentials in young adulthood. Fifth, we identify the
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extent to which institutional arrangements are associated with different trajectories in
different countries. Key institutional arrangements that we consider are: the level of
curricular standardisation, school-level differentiation and the learning opportunities
youngsters can expect to benefit from during the transition from the teenage years
into young adulthood.

In the absence of cross-country comparable longitudinal data, we use a synthetic
cohort approach applied to data from 20 countries that participated in two ILSAs
promoted by the OECD, the 2000/2003 PISA studies and the 2012/2015 OECD
Survey of Adult Skills (PIAAC), and new evidence on scale concordance between the
two studies (Pokropek & Borgonovi, 2020). We use parental educational attainment
as an indicator of SES. Our key indicator of achievement is literacy proficiency. Liter-
acy proficiency is necessary to acquire knowledge, and as such, is a precondition for
individuals’ success in all domains of life (Cunningham & Stanovich, 1998; Smith
et al., 2000). Although PISA and PIAAC contain measures of numeracy as well as lit-
eracy, in this work we focus on literacy.

Theory and hypotheses

The literature indicates that socio-economic disparities in academic achievement are
the result of disparities in the investments families make in their children’s develop-
ment (Conger & Donnellan, 2007). An advantaged SES allows families to invest
more material, cultural and social resources in their children’s development. High-
SES children often benefit from higher-quality parenting practices (Schaub, 2010),
from greater parental involvement in their academic decisions (Domina, 2005), from
participation in academic settings of higher quality and from more enriching out-of-
school experiences (Lareau, 2002). Recent evidence also suggests that genetic factors
could shape SES—achievement differentials (Trzaskowski ez al., 2014) and that genes
may interact with the environment to shape trajectories in achievement growth (Plo-
min & Deary, 2015; Rimfeld ez al., 2018).

Most existing studies on the evolution of SES differentials in achievement examine
changes occurring from the early years until the end of compulsory schooling. They
indicate that in countries like Australia, Canada, Germany, the UK and the USA,
that is countries with different levels of economic inequalities and organisation of
schooling, SES disparities are well-established before schooling starts and do not
grow, or grow moderately, during the school years (Duncan & Magnuson, 2013; Sko-
pek & Passaretta, 2020). In other words, schools appear to have an equalising effect.

Much less is known about patterns of achievement growth across individuals with
different SES beyond compulsory schooling, when greater differentiation in formal,
informal and non-formal learning occurs, since achievement tests are not routinely
conducted after the end of schooling. A number of studies have explored the evolu-
tion of disparities in achievement in this period (Borgonovi et al., 2017; Rozer & Van
de Werfhorst, 2017; Dammrich & Triventi, 2018; OECD, 2018) but lack of psycho-
metric linkages have prevented the study of disparities in achievement growth. This is
an important shortcoming. The years marking the transition into adulthood are
attracting growing interest because of their implications for later-life outcomes (Schu-
lenberg ez al., 2004; Schulenberg & Schoon, 2012). Furthermore, achievement in
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cognitive foundation skills such as literacy have been shown to grow well beyond the
end of age 15 and to peak at around age 30 (see Paccagnella, 2016 for a review of age-
ing and skills).

SES disparities in achievement growth could arise between the end of compulsory
schooling and early adulthood because of initial SES disparities in achievement and
the cumulative nature of advantage. If growth in achievement is positively related to
previous achievement levels, then SES disparities are bound to grow over time in a
cumulative fashion (DiPrete & Eirich, 2006). Access to post-secondary educational
opportunities is especially conditional on success in secondary education and, con-
trary to earlier levels of schooling, it is not compulsory. Therefore not all individuals
take part and instructional quality is likely to be more variable (Breen & Jonsson,
2005). As a result, disparities in achievement growth could be pronounced between
the teenage years and early adulthood.

Prior learning is not the only factor potentially shaping access to formal and infor-
mal learning opportunities and leading to divergent trajectories in achievement. The
teenage years and young adulthood mark a period of major neurological changes
which lead to increased impulsivity, difficulty in evaluating long-term benefits vis a
vis short-term costs and proneness to engage in risky behaviours (Sapolsky, 2017).
All these changes occur at a time when individuals make important educational, train-
ing, and labour-market decisions that require them to evaluate the costs and benefits
arising from alternative courses of action yielding markedly different payoffs, includ-
ing differences in achievement growth. High-SES individuals can generally count on
their families to receive high levels of support in terms of resources and advice on how
to navigate the increased differentiation of educational and training pathways (Schu-
lenberg ez al., 1993; Johnson, 2001; Hartung ez al., 2005).

The theory of relative risk aversion maintains that avoiding downward social mobil-
ity is a key driver of the educational choices individuals and their families make
(Breen & Goldthorpe, 1997). According to the theory, high-SES families will be will-
ing to invest considerable resources to avoid downward mobility for their children,
irrespective of their academic potential (Holm ez al., 2019). Moreover, according to
effectively and maximally maintained inequality theories, high-SES families will
secure any quantitative or qualitative advantage for their children, leading them to
participate in more and better post-secondary education or in other learning opportu-
nities that maximise their learning potential (Raftery & Hout, 1993; Lucas, 2001).
Given prior evidence and theories of social stratification, we expect that between age
15 and 27, literacy achievement will grow among both high and low-SES groups but,
crucially, that achievement growth will be more pronounced among high-SES indi-
viduals. Consequently, our first hypothesis is:

H 1. Socio-economic gaps in literacy achievement are more pronounced at age
27 than at age 15 because the growth in literacy achievement between age 15
and 27 is more pronounced among high-SES individuals.

Theories of cumulative advantage predict that achievement growth differs across
the achievement distribution and that high achievers will experience a markedly
higher growth than low achievers due to path dependency. However, according to the
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theory of compensatory advantage, the life-course trajectories of high-SES individuals
will be less dependent on prior negative outcomes than those of socio-economically
disadvantaged individuals (Bernardi, 2014). Initial negative outcomes are more likely
to endure over time or become more pronounced among low-SES groups than
among high-SES groups.

Relative risk-aversion theory suggests that low levels of educational achievement
play a less prominent role in the educational continuation decisions of socio-
economically advantaged children, even when they have low levels of ability (Lucas,
2009; Bernardi, 2014; Holm ez al., 2019). Achieving high levels of educational attain-
ment and obtaining high skills is generally more valued by high rather than low-SES
groups because, on average, avoiding downward social mobility is a greater motiva-
tional driver than achieving upward social mobility (Lucas, 2009). The negative state
associated with enduring a loss is in fact larger than the positive state associated with
experiencing a similarly sized gain (Kahneman & Tversky, 1979). As a result, high-
SES parents will be more likely to hold ambitious educational expectations for their
children, even when they have low levels of ability (Ganzach, 2000), and will be more
likely to invest resources to compensate for low ability or low motivation in their chil-
dren to realise their educational expectations. High-SES families are also more likely
to distribute resources across their children in order to avoid demotion of those with
the lowest ability, while lower-class families are more likely to focus their more limited
resources on more endowed children and invest less in others (Hsin, 2012; Restrepo,
2016).

Maximally and effectively maintained inequality theories predict a compensatory
model of the interaction between ability and SES, and therefore that privileged indi-
viduals will try to maintain their advantage by accessing the highest possible quality
learning opportunities given their ability (Lucas, 2009). Among privileged low
achievers this would entail, for example, accessing tertiary education paying full fees,
acquiring the support needed to be able to pass courses, persist despite initial failure,
and cover the upfront costs this may entail in terms of additional fees and a delayed
income. Upon entrance into the labour market, it could also entail participating in
unpaid internships, working in jobs that have low initial monetary benefits (involving
a low salary and high housing and/or transportation costs) but high learning value,
and enrolling in additional training programmes (Friedman & Laurison, 2020). By
contrast, low-ability and socio-economically disadvantaged individuals are unlikely to
be able to access any of these opportunities.

Consequently, we expect that the growth in SES differentials will be especially pro-
nounced among low achievers. Among low achievers, learning opportunities enjoyed
by high and low-SES individuals are likely to differ along both a quantitative and a
qualitative dimension. By contrast, among high achievers we expect that differences
in the learning opportunities enjoyed by high and low-SES individuals might differ
but only along the qualitative dimension, given evidence on stratification in tertiary
education opportunities, since high achieving low-SES individuals may still be able to
access learning opportunities given their talent (Altbach ez al., 2009). We therefore
expect that the growth in achievement of privileged low-ability individuals will be
greater (relative to that of low-ability low-SES individuals) than the growth in
achievement of privileged high-ability individuals (relative to that of high-ability low-
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SES individuals). Our second and third hypotheses on differences across groups and
factors that explain trajectories are:

H 2. Increases in socio-economic gaps in literacy achievement between age 15
and 27 are especially pronounced among the lowest achievers because of a
marked growth in achievement among low-ability, high-SES individuals.

H 3. Differences across socio-economic groups in literacy achievement at age
27 can be explained by SES differences in formal and informal learning oppor-
tunities they participate in beyond the end of compulsory schooling.

Countries vary with respect to the organisation of and access to learning opportuni-
ties beyond the end of compulsory schooling, which could lead to cross-country differ-
ences in patterns of achievement growth among different SES groups. These include,
for example, the availability of learning opportunities beyond secondary education at
university level, in other educational and training settings or in the workplace (Fialho
etal.,2019; OECD, 2020). The negative consequences of poor school-to-after-school
transitions are well established: being not in education, employment or training
(NEET) has negative consequences for skill formation, while participation in adult
education and training has positive effects on skill acquisition (Paccagnella, 2016).

Prior work examined how education system characteristics are associated with dif-
ferences across countries in changes in SES differentials between the teenage years
and early adulthood (Green & Pensiero, 2016; Pensiero & Green, 2018). Although
the small sample size in our study means that we have enough power only to identify
very large effects, we try to identify factors that could contribute to shape patterns of
achievement growth among different SES groups in different countries.

Researchers often characterise education systems on the basis of the approaches
they use to manage student heterogeneity and the level of autonomy they give to
teachers and schools. In particular, tracking, stratification policies and curricular
autonomy have been shown to influence socio-economic disparities in achievement at
age 15 (see Hanushek & Wossmann, 2006; Montt, 2011 as examples). Similarly,
greater curricular standardisation and lower differentiation are associated with smal-
ler than expected socio-economic disparities in academic achievement among sec-
ondary school students (Hanushek & Wossmann, 2006; Brunello & Checchi, 2007;
Pfeffer, 2008). However, little is known about the extent to which these factors influ-
ence the evolution of socio-economic disparities beyond compulsory schooling (Ker-
ckhoff, 2001). Systems that reduce differentiation in the school years may not
necessarily compress SES disparities but simply change the timing when widening
occurs and, once different learning paths are established after the end of compulsory
schooling, SES disparities may increase.

Moreover, there is evidence that in systems with undifferentiated educational pro-
grammes, school-to-work and school-to-further-education transitions are generally less
smooth (Shavit & Miller, 2000). By contrast, systems with greater educational differ-
entiation appear to perform better on school-to-work and school-to-training transitions
(see Bol & Van de Werfhorst, 2013a for a review). Prior research considered education-
system characteristics referring to upper secondary education, such as the specificity of
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vocational programmes—that is, the extent to which upper secondary vocational educa-
tion includes a dual system of apprenticeship—and the extent to which mathematics
courses are mandatory in upper secondary educational programmes (Green & Pensiero,
2016; Pensiero & Green, 2018). However, lack of between-country variation in the
extent to which language of instruction courses differ across countries (since our focus
is literacy achievement) and lack of indicators on the specificity of vocational pro-
gramme for almost half of the countries in our sample, prevented us from exploiting
these in the empirical analysis. Our fourth and final hypothesis is:

H 4. The growth in socio-economic gaps in literacy achievement differs across
countries and depends on the timing of differentiation in educational pathways
and the quality of school-to-work transitions.

Data, measures and methods

Data

Our research combines two sources of data: PISA and PIAAC. PISA data allow us to
identify socio-economic disparities at age 15, while PIAAC data allow us to identify
socio-economic disparities at age 27. Both studies are led by the Organisation for
Economic Co-operation and Development (OECD). Because the key aim of our
study is to map the evolution of disparities in literacy between age 15 and 27, we cre-
ate a synthetic cohort by matching data from PISA 2000 for 17 countries that admin-
istered PIAAC in 2012. To increase the international coverage, we augment these
data with data from PISA 2003 for three countries that administered PIAAC in 2015.

PISA is a triennial large-scale international survey that measures the knowledge
and skills of representative samples of 15-year-old students attending lower secondary
or upper secondary schools in more than 60 education systems worldwide since
2000. PISA assesses proficiency in reading, mathematics and science literacy. PIAAC
is a large-scale international assessment covering the non-institutionalised adult pop-
ulation, between the ages of 16 and 65, residing in the country at the time of data col-
lection, irrespective of nationality, citizenship or language status. It was conducted in
2012 in the large majority of countries, but was administered in 2015 in Greece, New
Zealand and Turkey.

PISA and PIAAC have been widely used in cross-national research because they
are designed to ensure comparability. Moreover, technical standards are high, and
the representative nature of the samples allows inferring population-level estimates.
Comprehensive documentation regarding the sampling design, response rates, ques-
tionnaire items, quality assurance, scale construction and appropriate weighting pro-
cedures, which we follow, are provided in the PISA 2000 Technical Report (OECD,
2002) and the PIAAC Technical Report (OECD, 2016).

Instruments

The PISA and PIAAC studies have two main components: a background question-
naire and a direct assessment. We use data from the background questionnaires to
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derive a comparable measure of parental educational attainment, our indicator of
SES, and to restrict samples to make sure that target populations are common across
the two studies. We use parental educational attainment as an indicator of SES
because it is one of the few indicators of SES present in both surveys and studies have
criticised analyses of socio-economic disparities observed in ILSAs based on aggre-
gate indicators due to issues of validity, reliability and comparability of such measures
(Rutkowski & Rutkowski, 2013; Pokropek ez al., 2017). We use data from the direct
assessments to calculate the literacy proficiency of individuals participating in PISA
and PIAAC. An extensive discussion of the PISA and PIAAC questionnaires, assess-
ment frameworks, instruments and implementation, as well as key differences across
the two studies, can be found in Borgonovi ez al. (2017).

Parental educational attainment. Parental educational attainment is used as a proxy
for SES. Parental educational attainment was asked of respondents in the background
questionnaire for both the PISA and PIAAC studies. Respondents in both studies
were asked to indicate the highest educational attainment obtained by their mother
and father, using national qualifications which were then converted into the interna-
tionally comparable International Standard Classification of Education (ISCED)-
level metric. We create a dichotomous variable that classifies individuals according to
whether they have at least one parent who obtained tertiary level qualifications
(ISCED level 5 or above), or if none of the respondent’s parents completed tertiary
level qualifications.

Literacy. Literacy in this article is used to refer to both reading hiteracy, which is the
common term used in the context of PISA, and Azeracy, the common term used in the
context of PIAAC. Literacy is defined in very similar ways in the assessment frame-
works of PISA and PIAAC. It is conceived as a continuum of ability involving the
mastering of tasks of increasing difficulty (OECD, 2016). In PISA 2000, literacy was
defined as ‘understanding, using, and reflecting on written texts, in order to achieve
one’s goals, to develop one’s knowledge and potential, and to participate in society’
(OECD, 1999) and in PIAAC it was defined as ‘understanding, 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).

Both PISA and PIAAC reflect a strong influence of previous adult literacy assess-
ments, such as the International Adult Literacy Survey (IALS) and the Adult Literacy
and Lifeskills Survey (ALL), and combine multiple assessment items to derive the
underlying unobservable ability of individuals. As a result, although in PISA and
PIAAC the relative importance assigned to different cognitive process and context
areas differs, the two literacy assessments are very close and, in fact, both PISA 2000
and PIAAC 2012 contain a set of literacy questions that were originally administered
in IALS (Borgonovi et al., 2017).

Contextual features. We use information derived from the PISA system-level data
collection to identify the level of standardisation and the level of differentiation of
educational systems and data from Education at a Glance to identify the rate of 15-29-
year-olds who are NEET and tertiary education attainment rates (OECD, 2015b).
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The level of standardisation of the educational system is determined by the degree
to which school curricula are nationally or regionally standardised. We opera-
tionalised this indicator as the percentage of principals of secondary schools attended
by PISA-participating students who reported that local/regional or national education
authorities were responsible for deciding which courses would be offered in schools.
A higher percentage corresponds to a higher level of standardisation (van Hek ez al.,
2019). We use Bol & Van de Werfhorst’s (2013b) proposed measure of differentia-
tion: the age at which students in an education system are first selected into different
tracks or different programmes. The higher the level of differentiation, the lower the
age at first selection.

We use the share of NEETs (15-29-year-olds who were not in education, employ-
ment or training) in the year 2015 to identify lack of skill development opportunities
and tertiary attainment rates among 25-34-year-olds also in 2015 to identify avail-
ability for the development of high levels of proficiency (OECD, 2015b). Table S1 in
the online Supporting Information illustrates country-specific contextual variables for
each country in the sample.

Study population and the construction of a pseudo-cohort

To study the evolution of gaps in literacy skills between the teenage years and young
adulthood, one would ideally use panel data, tracking the same people over time. In
the absence of such data for a large number of countries, it is possible to use a syn-
thetic cohort approach. The synthetic cohort approach consists of dividing an initial
sample (in our case the sample of 15-year-old students who sat the PISA test in 2000)
into groups whose membership is assumed to be fixed over time. The average beha-
viour of these groups is then tracked over time (in the PIAAC study) and as long as
the sample is continually representative of an underlying population that has a fixed
composition, estimates from the synthetic panel should be consistent with estimates
from an actual panel based on individual-level data.

The 1984/1985 birth cohort represents the primary population of focus in the
study. People born in that period, in fact, were eligible to take part in the PISA
study in 2000 and were approximately 27 years old at the time PIAAC was admin-
istered. The representative nature of the PISA and PIAAC studies, and the broad
stability over time of the highest parental educational attainment measure, guaran-
tees the adequacy of the synthetic cohort approach. However, in order to increase
the precision of estimates and widen the international coverage, three adjustments
were made.

Sample sizes used to construct our synthetic cohort vary markedly across the two
studies. The minimum target sample in PISA is around 4,500 students per country.
Unfortunately, as the target PIAAC sample size in each country was about 5,000 for
the entire adult population aged 16-65, the age-specific sample is typically around
150 individuals. For this reason, the PIAAC age band was widened to cover 26-28-
year-olds, thus allowing the inclusion of people born a year before and a year after the
2000 PISA cohort. Country-specific sample sizes in PISA and PIAAC used to con-
struct measures of socio-economic disparities are reported in Table S2 in the online
Supporting Information.
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In order to widen the international coverage, individuals in countries that adminis-
tered PIAAC in 2015 are also presented, and for these, information collected in the
PISA 2003 survey administration is used to match the PIAAC 26-28 age range. Anal-
yses exclude adults sampled in PIAAC who report having been born outside the
country of the assessment, with no information on age at migration or who reported
having migrated after the age of 10. Analyses include foreign-born individuals who
reported having migrated prior to age 10. The threshold was chosen to ensure that
individuals would have been part of PISA samples at age 15 and had adequate lan-
guage proficiency. Previous analyses of PISA data reveal large late-arrival penalties
(OECD, 2015a).

Although England, Northern Ireland, the Netherlands and the Russian Federation
took part in both PISA and PIAAC, they are excluded. The response rate for the UK
and the Netherlands in PISA 2000 and PISA 2003 was below the minimum required
by the PISA technical standards. The sample for the Russian Federation in PTAAC
does not include the population of the Moscow municipal area and therefore does not
represent the entire resident population. Only Flanders in Belgium took part in
PIAAC, while PISA data refer to results for the Flemish community.

Analytic plan

In order to combine multiple assessment items to derive the underlying unobservable
ability of individuals, both PISA and PIAAC make use of item response theory
(IRT). The measurement scales differ across the two assessments (the literacy scale
in PISA is standardised to have a mean of 500 and a standard deviation of 100 across
OECD countries, while in PIAAC it is standardised to have a mean of 268 and a stan-
dard deviation of 47 across OECD countries).

In both PISA and PIAAC, individuals’ responses to individual test questions were
combined with background information to estimate, for each respondent, a distribu-
tion of proficiency, from which a set of plausible values is drawn (Jacob & Rothstein,
2016). Until 2012, PISA used a one-parameter Rasch model and five plausible values
for each proficiency domain and for each participant were drawn. PIAAC used a two-
parameter IRT model and a set of 10 plausible values were drawn for each proficiency
domain and for each individual. Although each plausible value represents an unbi-
ased estimate of respondents’ underlying ability distribution, only by combining plau-
sible values is it possible to correctly account for the underlying level of measurement
uncertainty that is inherent in any cognitive test, and reflect such uncertainty in the
standard errors associated with any estimate.

A second complication when developing estimates using PISA and PIAAC data is
that participants are not selected using simple random sampling but, rather, complex
sampling designs were employed. We consider PISA and PIAAC plausible values and
estimate each model five times for PISA and for PIAAC. We also account for the clus-
tering and representativeness of individuals participating in PISA and PIAAC by esti-
mating each model with replicate weights as well as individual final weights in the two
assessments. All models were estimated using Stata software version 15, with the user-
written commands piaactools (Jakubowski & Pokropek, 2019) and pisazools (Jakubow-
ski & Pokropek, 2013). Results were combined using Rubin’s rule (Rubin, 1987).
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In order to identify how achievement growth differs across the two groups, we use
new evidence on scale concordance provided by Pokropek & Borgonovi (2020). No
attempts were made to link PIAAC and PISA at the international level during the
design of the two studies. However, in PISA 2012, countries had the opportunity to
extend the PISA target population through national options. Pokropek & Borgonovi
(2020) make use of the Polish PISA grade extension and use a pseudo-equivalent
group approach to achieve pseudo-equivalency between PISA and PIAAC using
propensity score reweighting techniques. They establish scale concordance between
two assessments, which we use in our analyses to establish disparities in achievement
growth. In this work, all estimates are presented on the PISA scale. A detailed discus-
sion of the linking procedure is presented in Pokropek & Borgonovi (2020).

We examine if there are differences in the evolution of socio-economic disparities
in literacy achievement between the teenage years and young adulthood among high-
achieving students (90th percentile) and among low-achieving students (10th per-
centile), and compare differences in socio-economic gaps between high and low
achievers across education systems.

Finally, to examine potential mechanisms leading to SES differentials in achieve-
ment growth, we use data from PIAAC for 16-28-year-old participants and estimate
differences in the educational attainment and NEET rates of youngsters with at least
one parent who obtained tertiary level qualifications and those without. We also con-
sider SES differences in informal and non-formal learning opportunities at work among
youngsters surveyed in PIAAC, as well as SES differentials in the extent to which
youngsters in PIAAC report using their literacy skills at home and in the workplace.
These indicators are described in detail in the online Supporting Information. We fitted
two regression models on the pooled sample of participants with literacy achievement
as the dependent variable to test H3 to examine the contribution of educational attain-
ment, participation in training and the labour market, and the use of skills at home and
in the workplace to shape SES differentials in young adulthood. The first model include
only parental education and country fixed effects. The second further included controls
for being NEET, educational attainment and use of skills at home and in the work-
place. We use the two models to compare the observed and predicted literacy achieve-
ment of individuals with and without tertiary educated parents among individuals with
similar observed characteristics. Indicators of individuals’ educational attainment and
NEET status are dichotomous variables taking value 1 if the participant obtained a ter-
tiary level degree for educational attainment and if the participant reports not being in
education, paid employment or training at the time of the assessment for NEET status.
Indicators of skills use are continuous variables standardised to have a mean of 0 and a
standard deviation of 1 across the entire PIAAC sample. A detailed description of the
items used to derive these indicators is available in the online Supporting Information.

Results

Between-country differences in achievement growth

Data presented in Figure 1 illustrate literacy proficiency among 15-year-olds tested
in PISA in 2000 and the same birth cohort tested in PIAAC in 2012. Results indicate
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Figure 1. Mean literacy achievement growth between age 15 and age 2628, by country. Source:
PISA 2000 and PIAAC 2012/2015 databases. Linking constants to transform PIAAC scores into
PIAAC scores can be found in Table S1 in the online Supporting Information. Full results are
available in Table S3. [Colour figure can be viewed at wileyonlinelibrary.com]
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that on average, individuals’ literacy achievement grew between age 15 and 27 by 31
points on the PISA literacy scale: it was 504 among 15-year-olds and 535 among 27-
year-olds, an increase of around 30% of a standard deviation. However, Figure 1 also
identifies a large heterogeneity across the 20 countries in our sample in achievement
growth.

Some of the countries with the lowest levels of literacy achievement among
15-year-olds in 2000 experienced no statistically significant changes in mean
achievement. In particular, in Turkey, Greece and Spain, the estimated growth in
achievement was close to zero (although imprecisely estimated). However, achieve-
ment growth was small (and not statistically different from zero) also in Australia and
Canada, two of the countries with the highest levels of mean literacy achievement
among 15-year-olds in 2000. Similarly, some of the countries with the largest
improvements were countries with low mean achievement at age 15—Poland and
Germany.

The variability in patterns of achievement growth across countries with different
levels of mean achievement suggests that observed associations are not the result of
regression to the mean effects or ceiling effects. Moreover, the large heterogeneity in
patterns of achievement growth means that rankings of education and skills systems
depend greatly on when individuals are evaluated. At the two extremes, Finland and
Turkey keep their respective score as the highest and lowest-performing country, irre-
spective of whether they are evaluated at age 15 or 27. However, as many as eight
countries have a change in rank corresponding to at least five places (out of a possible
20). Germany moves from 17th place to 11th place, Denmark from 13th place to 6th
place and Norway from 10th place to 3rd place, while Ireland moves from 4th place
to 14th place and Australia from 3rd place to 9th place.
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How socio-economic disparities grow over time

Data presented in Figure 2 illustrate the difference in literacy proficiency of 15-year-
olds in PISA and 27-year-olds in PIAAC for individuals whose parents did not obtain
a tertiary degree and individuals with at least one parent who obtained a tertiary
degree. In line with H1, Figure 2 indicates that the gap associated with parental edu-
cation is generally large at the age of 15 and that it increases slightly as individuals
transition from the teenage years into young adulthood.

On average, across the 20 countries in our sample, the gap in literacy between indi-
viduals with at least one tertiary educated parent and individuals whose parents did
not complete a tertiary degree was 40 score points at age 15 (corresponding to 40%
standard deviation) and 55 score points at age 27 (corresponding to over half of a
standard deviation). This corresponds to a difference of 15 score points, an increase
of 15% of a standard deviation. In line with H1, results indicate that the increase in
disparities in literacy achievement is due to the fact that, on average, literacy achieve-
ment grew more between age 15 and 27 among individuals with tertiary educated
parents than among individuals with parents who did not complete tertiary education.
For example, among individuals with parents who did not complete tertiary educa-
tion, literacy achievement grew from an average of 491 score points at age 15 to an
average of 518 points, a difference of 27 points. In the same timeframe, the growth in
achievement experienced by individuals with tertiary educated parents corresponded
to 42 points, from 531 to 573. Although on average the gap in achievement between
individuals with and without tertiary educated parents grew by 15 points between age
15 and 27, Figure 3 suggests a large degree of variability across countries (we exam-
ine potential sources of this variation below).
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Figure 2. Disparities in literacy achievement growth, by parental education. Source: PISA 2000/
2003 and PIAAC 2012/2015 databases. Low parental education refers to individuals with no parent
who obtained a tertiary degree. High parental education refers to individuals with at least one
parent with a tertiary degree. Detailed results are available in Table S4 in the online Supporting
Information. [Colour figure can be viewed at wileyonlinelibrary.com]
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Figure 3. Disparities in literacy achievement growth, by parental education and by country.
Source: PISA 2000/2003 and PIAAC 2012/2015 databases. Low parental education refers to
individuals with no parent who obtained a tertiary degree. High parental education refers to
individuals with at least one parent with a tertiary degree. Detailed results available in Table S4 in
the online Supporting Information. [Colour figure can be viewed at wileyonlinelibrary.com]
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At the country level, the size of the socio-economic gap in literacy at age 27 is posi-
tively associated with the size of the socio-economic gap in literacy at age 15. How-
ever, the association is moderate in size (Pearson’s r = 0.523). The gap at age 15 was
50 score points or larger in Australia, the Czech Republic, Denmark, Germany,
Poland, Turkey and the USA. However, among these countries, by age 27 the gap
had become smaller than 50 score points in Germany, while in some of the countries
with comparatively small gaps at age 15, such as France, Ireland and Italy, the gap
observed at age 27 was larger than 50 points.

The gap shrank by 14% of a standard deviation in Germany. However, in France
(a 31 score-point increase), in Ireland (a 43 score-point increase), in Italy (a 25 score-
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point increase) and in New Zealand (a 33 score-point increase). Most of the countries
with large increases in disparities between the age of 15 and 27 experienced more pro-
nounced growth in achievement among individuals with tertiary educated parents,
thus supporting H1.

Differences in achievement growth across the literacy performance distribution

Figure 4 reports the mean level of achievement on the PISA literacy scale among 15-
year-olds tested in PISA in 2000 and individuals from the same birth cohort tested in
PIAAC in 2012 at age 27. Results indicate that the literacy achievement of the 10%
lowest-performing 15-year-olds was 375, but the literacy achievement of the 10%
lowest-performing 27-year-olds was 416, an increase of 41 score points, equivalent to
around 40% of a standard deviation. By contrast, the literacy achievement of the 10%
highest-achieving 15-year-olds was 622 and the literacy achievement of the 10%
highest-achieving 27-year-olds was 644, an increase of 22 points, equivalent to
around 20% of a standard deviation. These results suggest that, on average, the gap
in performance between the highest and lowest achievers narrowed by around 20% of
a standard deviation.

Just as Figure 1 illustrates a large variability across countries in mean levels of
achievement growth, Table S4 in the online Supporting Information identifies a large
variability across countries in the achievement growth of different groups, although in
most countries performance disparities declined because performance increased espe-
cially among the lowest achievers. The fact that the performance of the best 10% of
achievers increased markedly in countries like Finland, where it was already compara-
tively high at age 15, suggests that results are not driven by ceiling effects. Moreover,
the fact that the between-country variation in size of improvements among the lowest
achievers was not related to the size of the achievement gap between high and low
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Figure 4. Achievement growth between age 15 and 26-28, by percentile. Source: PISA 2000/2003
and PIAAC 2012/2015 databases. Country-specific results available in Table S5 in the online
Supporting Information. [Colour figure can be viewed at wileyonlinelibrary.com]
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achievers at age 15, or overall levels of achievement at age 15, suggests that results are
not driven by regression to the mean effects. In general, it is important to note that
given the small sample size at the country level for comparisons at the 10th and 90th
percentile of achievement, especially for some countries, country-level results are gen-
erally imprecisely estimated.

How socio-economic disparities in achievement growth evolve among high and low achievers

Figure 4 indicates that at age 15, the literacy proficiency gap between those with and
those without tertiary educated parents was similar across the performance distribu-
tions: the gap was around 45 score points both among the 10th and the 90th per-
centile (44 and 47 score points, respectively). The gap remained very similar at the
90th percentile at age 27 (44 score points). However, in support of H2 we find that
the gap grew larger at the 10th percentile and that by age 27 it stood at 67 score
points. Also, in line with predictions made in H2, Figure 5 indicates that the change
in the gap was due to the fact that at the top of the performance distribution, achieve-
ment growth between age 15 and 27 was similar among individuals with and without
tertiary educated parents (30 and 33 points, respectively). At the bottom of the per-
formance distribution, achievement growth was especially pronounced among indi-
viduals with tertiary educated parents (the growth in achievement was 70 score points
among individuals with tertiary educated parents and 47 score points among those
whose parents had not completed tertiary education, a difference of 24 score points).
Table S5 in the online Supporting Information illustrate cross-country differences.
In Ireland, Norway, France and Turkey, the trend of growing disparities at the bot-
tom of the performance distribution was particularly pronounced. In these countries,
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Figure 5. Disparities in achievement growth between age 15 and 26-28, by parental educational
attainment and percentile. Source: PISA 2000/2003 and PIAAC 2012/2015 databases. Low
parental education refers to individuals with no parent who obtained a tertiary degree. High

parental education refers to individuals with at least one parent with a tertiary degree. [Colour
figure can be viewed at wileyonlinelibrary.com]
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disparities among individuals with the lowest 10% of literacy scores grew by as many
as 68, 69, 71 and 84 score points, respectively, while disparities among the highest
achievers increased by only 6 points in Ireland and Norway, decreased by 3 points in
France and by as many as 59 points in Turkey. In all these countries, disparities at the
bottom grew because achievement growth between age 15 and 27 was especially pro-
nounced among individuals with tertiary educated parents, while it was considerably
smaller among individuals with parents who had not completed tertiary education.

By contrast, in Germany, socio-economic disparities were greatly reduced between
age 15 and 27 among the lowest achievers (a 36 score-point reduction) and were
somewhat reduced among the highest achievers (a 9 score-point reduction). In Ger-
many, the reduction of disparities was due to a generalised growth in achievement
that was especially pronounced among individuals without tertiary educated parents.
Moreover, while such increase was similarly large at different levels of performance
among individuals without tertiary educated parents, it was especially small among
individuals with tertiary educated parents at the bottom of the literacy performance
distribution. Greece also experienced a reduction in socio-economic disparities at the
bottom of the performance distribution and an increase at the top. At the bottom, the
decline in disparities resulted from growth in achievement among individuals without
tertiary educated parents (a 25 score-point increase) and declining performance
among those with tertiary educated parents (a 23 score-point decrease). At the top it
was caused by especially marked improvements in achievement among individuals
with tertiary educated parents (61 points vs. 33 points among those without tertiary
educated parents).

Factors that contribute to the evolution of achievement differentials

Results presented in Table 1 indicate that individuals with tertiary educated parents
differed from individuals without tertiary educated parents in key dimensions that are
associated with growth in achievement. Country-specific results are available in
Table S6 in the online Supporting Information. They were less likely to be classified
as NEET, more likely to have obtained a tertiary education degree, more likely to use
reading, writing and ICT skills at home and in the workplace, and more likely to
engage in learning activities at work. For example, across countries in our study, 14%
of 16-28-year-olds without a tertiary educated parent were NEET. The comparable
figure among 16-28-year-olds with a tertiary educated parent was 6%. By contrast,
only 20% obtained a tertiary degree, against an average of 39% among 16—28-year-
olds with a tertiary educated parent. Differences in the use of skills at home and at
work, and in self-reported readiness to learn and participation in learning activities at
work, are also large and are as high as around 40% of a standard deviation for use of
ICT and reading skills at home.

Figure 6 and Table S7 in the online Supporting Information present results in
which we formally test H3 by examining the extent to which SES differentials in liter-
acy achievement in young adulthood can be explained by differences in formal learn-
ing opportunities that occur in education or training, and differences in informal and
non-formal learning opportunities that occur through the practice of skills at home
and in the workplace. Results indicate that the SES gap in literacy achievement
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Table 1. Socio-economic differences in access to formal and informal learning opportunities

SES difference

Low parental High parental Mean

Variable education education difference pval

NEET status Mean 0.14 0.06 —0.08* 0.00
SE (0.00) (0.01) (0.01)

Tertiary education degree Mean 0.20 0.39 0.19%* 0.00
SE (0.00) (0.01) (0.01)

Use of ICT skills at home Mean —0.12 0.28 0.40%* 0.00
SE (0.01) (0.02) (0.02)

Use of ICT at work Mean —0.11 0.08 0.19%* 0.00
SE (0.02) (0.02) (0.03)

Learning at work index Mean —0.03 0.04 0.07* 0.00
SE (0.01) (0.02) (0.02)

Use of reading skills at home Mean —-0.16 0.23 0.39%* 0.00
SE (0.01) (0.02) (0.02)

Use of reading skills at work Mean —0.11 0.16 0.26%* 0.00
SE (0.01) (0.02) (0.02)

Readiness to learn index Mean -0.16 0.12 0.29%* 0.00
SE (0.01) (0.02) (0.02)

Use of writing skills at work Mean —0.12 0.04 0.16* 0.00
SE (0.01) (0.02) (0.02)

Use of writing skills at home Mean —-0.12 0.16 0.28%* 0.00
SE (0.01) (0.02) (0.02)

Source: PIAAC 2012 and 2015 database. The sample includes 16-28-year-olds in PIAAC. Country-specific
results are available in Table S6 in the online Supporting Information.
*Mean difference significant at the 1% level.

among 16-28-year-olds was large and equalled 51 score points. However, once indi-
viduals from different SES backgrounds but similar characteristics in terms of educa-
tional attainment, NEET status and use of skills were compared, SES disparities in
literacy achievement remained but were greatly reduced and stood at 28 score points.

Correlates of between-country differences in the evolution of disparities berween age 15 and
27

The number of countries in our sample is small, so it is not possible to draw firm con-
clusions on factors that drive between-country differences in observed patterns of
achievement growth between age 15 and 27 because we have only the power neces-
sary to identify very large differences. We find weak support for H4: Table 2 illus-
trates correlation coefficients between measures of achievement growth and country-
level characteristics that could determine the quality of school-to-after-school transi-
tions. Across countries in our sample, overall increases in achievement growth were
more marked in countries where the share of youngsters in a country who are NEET
was lower (r = —0.75), a difference observed in similar terms both at the 10th and
90th percentiles of achievement. By contrast, we do not identify a strong association
between educational attainment, early selection, curricular differentiation and
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Figure 6. Observed and predicted levels of literacy achievement after considering differences
between socio-economic status groups in learning opportunities. Source: PIAAC 2012/2015
database. Detailed data from the underlying regression models are available in Table S8 in the
online Supporting Information. Low parental education refers to individuals with no parent who
obtained a tertiary degree. High parental education refers to individuals with at least one parent
with a tertiary degree. The regression includes PIAAC participants between the ages of 16 and 28.
Observed gap refers to the difference in literacy achievement associated with being in the low rather
than the high parental education group. Estimates are based on a regression run on a pooled sample
of 16-28-year-old PIAAC participants with parental education and country fixed effects as the only
controls. Predicted gap refers to the difference in literacy achievement associated with being in the
low rather than the high parental education group when further controlling for educational
attainment, NEET status, use of skills at home and learning in the workplace (use of skills in the
workplace was dropped by the model because of multicollinearity with NEET status). [Colour
figure can be viewed at wileyonlinelibrary.com]

average growth in achievement in the overall population and different population
subgroups.

Discussion

Since 2000, the PISA study has revealed that 15-year-old students with a disadvan-
taged socio-economic background are less likely than their more advantaged peers to
develop strong literacy skills. However, so far little was known on how disparities in
literacy evolve after the end of compulsory schooling, whether disparities in learning
opportunities after compulsory schooling magnify or reduce disparities observed at
the age of 15, and if there are variations across countries.

The analyses presented in this article indicate that, in most countries, disparities in
literacy skills between individuals of high and low SES observed at age 15 not only
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Table 2. Associations between achievement growth between age 15 and 26-28 and country-level
characteristics

NEET Educational

rate attainment Age at
(2015) (2015) Standardisation selection

NEET rate (2015) 1

Educational attainment (2015) —0.42 1

Standardisation 0.19 —0.42%* 1

Age at selection —-0.03 0.55%* -0.19

Average achievement growth —0.75%* 0.05 —0.14 —0.06

Achievement growth (10th percentile) —0.67** 0.03 0.03 —0.09

Achievement growth (90th percentile) —0.73%* 0.28 -0.32 0.20

Average achievement growth—low parental —0.65** 0.01 -0.20 -0.18
education group

Average achievement growth—high parental —0.53** —0.01 -0.21 —0.01
education group

Achievement growth (10th percentile)—low —0.53** —0.09 0.13 —0.31
parental education group

Achievement growth (90th percentile)—low —0.52%%* 0.17 —0.41* 0.03
parental education group

Achievement growth (10th percentile)— —-0.25 —0.11 -0.22 —0.16
high parental education group

Achievement growth (90th percentile)— —0.61%** 0.33 —0.35 0.38

high parental education group

The table illustrates Pearson’s correlation coefficients. The NEET rate refers to the percentage of 15-29-year-
olds in a country who were not in education, employment or training in the year 2015. The tertiary attainment
rate represents the share of 25-34-year-olds in 2000 who obtained a tertiary education qualification in 2015.
Curricular standardisation represents the percentage of school principals surveyed in PISA who reported that
courses offered are decided at the national/local/regional level rather than by the school. Age at first selection is
based on the PISA data system-level data collection and represents the age at which students in education are
first streamed into different educational tracks or programmes. Detailed country-level characteristics can be
found in Table S1 in the online Supporting Information.

*p < 0.1.

**p < 0.05.

persist in young adulthood, but tend to widen by age 27. Moreover, in support of pre-
dictions made by proponents of cumulative advantage theory, we find that there is a
positive medium-sized association between disparities in skills at age 15 and at age
27: countries with larger literacy gaps in the teenage years tend to be those where liter-
acy gaps at age 27 are larger. However, there are a number of countries where gaps
are similar at age 27 and at age 15 and in Germany, a country where large disparities
at age 15 can be observed, disparities by age 27 became smaller. These results indi-
cate that those countries in which the education system is able to create more equal
opportunities for skill development during the school years are not necessarily able to
create effective school-to-after-school transition pathways later on.

Our work suggests that the increase in disparities in literacy skills is particularly
pronounced at the bottom tail of the proficiency distribution: while achievement
tends to grow between age 15 and 27 among all groups, such growth is especially pro-
nounced among individuals with tertiary educated parents. Further education and
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participation in the labour market appear to be the crucial mechanisms that are asso-
ciated with skill acquisition beyond compulsory schooling. Socio-economically disad-
vantaged youngsters are considerably less likely than their more advantaged
counterparts to attend post-secondary education and training, and are more likely to
drop out of education without a secondary degree. They are also more likely to be
unemployed or out of the labour force and to work in jobs that require little advanced
on-the-job training or the practice of higher-order thinking skills. By contrast, indi-
viduals with tertiary educated parents are not only more likely to obtain tertiary level
qualifications, in line with predictions made by the effectively maintained inequality
thesis, but are also less likely to be NEET and more likely to develop their skills
through use, both in the workplace and in everyday settings. Our results indicate that
the divergence in the opportunities for skill development between socio-economically
advantaged and disadvantaged youngsters upon completion of compulsory schooling
is associated with an overall increase in socio-economic gaps in proficiency.

Our results indicate that SES disparities in literacy achievement among young
adults are related, to a large degree, to differences across SES groups in formal and
informal learning opportunities. Once differences across SES groups in educational
attainment, NEET status and use of skills at home and in the workplace are
accounted for, the difference in literacy achievement in young adulthood between
individuals with and without a tertiary degree is considerably smaller. A clear limita-
tion of our study, is that it is not possible to establish causality in the association
between skill development and participation in education, employment or training
given the nature of the data examined. It is therefore possible that skill development is
promoted by the learning opportunities individuals are given in education, employ-
ment or training, but also that individuals with greater potential for skill development
are given learning opportunities while those with little potential become NEET. To
the extent that such unobserved potential is associated with parental education,
reverse causality determines observed socio-economic disparities as well as overall
patterns of achievement growth.

The fact that disparities between adolescence and young adulthood tend to grow
should be of concern to policymakers, especially because these trends stand in sharp
contrast to the trends we identify when considering the growth in achievement of high
and low-ability individuals. The difference in the 90th—10th percentile gap at age 27
was in fact smaller compared to the 90th—10th percentile gap observed at age 15. The
divergent trend can be explained by the fact that the group that appears to benefit
most during the school-to-after-school transition is that composed by low ability but
socio-economically advantaged individuals, who experience a marked increase in lit-
eracy achievement between age 15 and 27. Such result could be due to the greater
variety of learning experiences that occur outside of school settings, a variety that can
appeal to the preferences and learning styles of low-ability individuals and the fact
that extensive access to such opportunities is only available to those coming from
socio-economically advantaged households.

In the absence of comparable longitudinal data, our analysis relies on a synthetic
cohort approach and concordance scores that allow us to derive comparable measures
of literacy achievement across the PISA and PIAAC tests. Lack of longitudinal data
means that our inferences only apply at the population level, and we cannot study in
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depth the mechanisms that shape differentials in achievement growth in different
groups. Furthermore, although our study provides the widest comparison to date on
SES differences in achievement growth between the age of 15 and 27, the limited
number of countries that we could examine means that our analysis of cross-country
differences can only identify large effects because we lack power to identify small and
medium-size effects. Although we are not aware of other large cross-country compa-
rable assessment data with a longitudinal component, future research could attempt
to use ex-post harmonised data and exploit psychometric studies designed to establish
links across assessments in order to consider disparities in achievement growth.

Our findings support prior research based on growth in achievement disparities in
the early years and the schooling years, suggesting that schools and education systems
play an important equalising role with respect to the development of literacy skills.
Such research indicates that disparities grow before schooling starts and remain rela-
tively stable during the school years (see Skopek & Passaretta, 2020 for a review).
Our research indicates that disparities widen once schooling ends. Our work indicates
that the availability of opportunities for further education can influence how socio-
economic gaps established at the end of compulsory schooling evolve in the crucial
transition years between adolescence and young adulthood. In most countries, what-
ever their social background, students follow a broadly similar programme of study,
at least until the completion of lower secondary level education. Even if participation
in a common educational experience does not eliminate socio-economic disparities in
learning outcomes, it moderates the effects of differences in social background and
the differences in access to resources, as well as in the associated dispositions and atti-
tudes to learning proficiency. While further research is needed, when taken together,
these results suggest that when the schooling and educational pathways available to
individuals differ, social stratification occurs and, as a consequence, the experiences
and opportunities of young people from different backgrounds begin to diverge.
Unsurprisingly, inequalities in literacy skills widen, in particular among low-
achieving individuals.

Acknowledgements

Francesca Borgonovi acknowledges support from the British Academy through its
Global Professorship scheme. The authors acknowledge invaluable input on a previ-
ous version of the manuscript from Alessandro Ferrara, three anonymous referees
and from the Editor.

Ethical Review Approval

The research conducted was reviewed and approved by the Institute of Education
Ethics Review Board.

Conflict of Interest

Francesca Borgonovi: I am a British Academy Global Professor at University College
London but I am also employed by the Organisation for Economic Cooperation

© 2021 The Authors. British Educational Research Fournal published by John Wiley & Sons Ltd on behalf of British Educational
Research Association.



Socio-economic disparities in literacy skills 23

andDevelopment (OECD), which is responsible for the development of the PISA
and PIAAC studies used in this work. The opinions expressed do not necessarily
reflect theopinions of the OECD or its member countries. I acknowledge financial
support through the British Academy Global Professorship scheme. I confirm that I
have followed the regulations of our institutions concerning intellectual property.

Artur Pokropek: 1 do not have any paid or unpaid position as officer, director or
board member of an organisation whose policy positions, goals or financial interests
relate to the article. Neither does my partner or any close relative have such a position.
I declare that I have no conflict of interest that relates to the research described in this
article. I confirm that I have followed the regulations of our institutions concerning
intellectual property.

Data Availability Statement

The data that support the findings of this study are available at www.oecd.org/pisa/da
ta and www.oecd.org/skills/piaac/data/.

References

Altbach, P., Reisberg, L. & Rumbley, L. (2009) Trends in global higher education: Tracking an aca-
demic revolution (Paris, UNESCO).

Ammermueller, A. (2006) Educational opportunities and the role of institutions, ZEW Discussion Paper
05-44.

Bernardi, F. (2014) Compensatory advantage as a mechanism of educational inequality: A regres-
sion discontinuity based on month of birth, Sociology of Education, 87(2), 74-88.

Bjorklund, A. & Salvanes, K.G. (2011) Education and family background: Mechanisms and poli-
cies, in: E.A. Hanushek, S. Machin & L. Woessmann (Eds) Handbook of the economics of educa-
tion (vol. 3) (Amsterdam, Elsevier), 201-247.

Bol, T. & Van de Werfhorst, H.G. (2013a) Educational systems and the trade-off between labor
market allocation and equality of educational opportunity, Comparative Education Review, 57
(2),285-308.

Bol, T. & Van de Werfhorst, H. (2013b) The measurement of tracking, vocational orientation, and stan-
dardization of educational systems: A comparative approach. GINI Discussion Paper 81 (Amster-
dam, AIAS).

Borgonovi, F., Pokropek, A., Keslair, F., Gauly, B. & Paccagnella, M. (2017) Youth in transition:
How do some of the cohorts participating in PISA fare in PIAAC? OECD Education Working
Paper No. 155 (Paris, OECD Publishing).

Breen, R. & Goldthorpe, J.H. (1997) Explaining educational differentials: Towards a formal
rational action theory, Rationaliry and Society, 9, 275-305.

Breen, R. & Jonsson, J.O. (2005) Inequality of opportunity in comparative perspective: Recent
research on educational attainment and social mobility, Annual Review of Sociology, 31, 223—
243.

Brunello, G. & Checchi, D. (2007) Does school tracking affect equality of opportunity? New inter-
national evidence, Economic Policy, 22(52), 782-861.

Brynjolfsson, E. & McAfee, A. (2014) The second machine age: Work, progress, and prosperity in a time
of brilliant technologies (New York, W. W. Norton & Co.).

Card, D. (1999) The causal effect of education on earnings, in: O. Ashenfelter & R. Layard (Eds)
Handbook of labor economics (vol. 3) (Amsterdam, Elsevier), 1801-1863.

Castex, G. & Kogan Dechter, E. (2014) The changing roles of education and ability in wage deter-
mination, Fournal of Labour Economics, 32(4), 685-710.

© 2021 The Authors. British Educational Research Fournal published by John Wiley & Sons Ltd on behalf of British Educational
Research Association.


http://www.oecd.org/pisa/data
http://www.oecd.org/pisa/data
http://www.oecd.org/skills/piaac/data/

24 F. Borgonovi and A. Pokropek

Chmielewski, A.K. (2019) The global increase in the socioeconomic achievement gap, 1964 to
2015, American Sociological Review, 84(3), 517-544.

Coleman, J.S. er al (1966) Equaliry of educational opportunity (Washington, D.C., U.S. Government
Printing Office).

Conger, R.D. & Donnellan, M.B. (2007) An interactionist perspective on the socioeconomic con-
text of human development, Annual Review of Psychology, 58, 175-199.

Cunningham, A.E. & Stanovich, K.E. (1998) Early reading acquisition and its relation to reading
experience and ability 10 years later, Developmental Psychology, 33(6), 934-945.

Dammrich, J. & Triventi, M. (2018) The dynamics of social inequalities in cognitive-related com-
petencies along the early life course—a comparative study, Inzernational Fournal of Educational
Research, 88, 73—-84.

DiPrete, T.A. & Eirich, G.M. (2006) Cumulative advantage as a mechanism for inequality: A
review of theoretical and empirical developments, Annual Review of Sociology, 32, 271-297.
Domina, T. (2005) Leveling the home advantage: Assessing the effectiveness of parental involve-

ment in elementary school, Sociology of Education, 78, 233-249.

Duncan, G.J. & Magnuson, K. (2013) Investing in preschool programs, Journal of Economic Perspec-
tives, 27(2), 109-132.

European Commission (2019) Education and training monitoring report 2018 (Brussels, European
Commission).

Fialho, P., Quintini, G. & Vandeweyer, M. (2019) Returns to different forms of job related training:
Factoring in informal learning. OECD Social, Employment and Migration Working Paper No.
231 (Paris, OECD Publishing).

Friedman, S. & Laurison, D. (2020) The class cetling: Why it pays to be privileged (Bristol, Policy
Press).

Ganzach, Y. (2000) Parent’s education, cognitive ability, educational expectations and educational
attainment, British Journal of Educational Psychology, 70, 419-441.

Goldin, C. & Katz, L. (2008) The race between education and technology (Cambridge, MA, Harvard
University Press).

Green, A. & Pensiero, N. (2016) The effects of upper-secondary education and training systems on
skills inequality: A quasi-cohort analysis using PISA 2000 and the OECD Survey of Adult
Skills, British Educational Research Fournal, 42(5), 756-779.

Hanushek, E.A. & Wossmann, L. (2006) Does educational tracking affect performance and
inequality? Differences-in-differences evidence across countries, The Economic Fournal, 116,
63-76.

Hartung, P.]J., Porfeli, E.J. & Vondracek, F.W. (2005) Child vocational development: A review and
reconsideration, Fournal of Vocational Behavior, 66(3), 385-419.

Holm, A., Hjorth-Trolle, A. & Jeger, M.M. (2019) Signals, educational decision-making, and
inequality, European Sociological Review, 35(4), 447-460.

Holmlund, H., Lindahl, M. & Plug, E. (2011) The causal effect of parents’ schooling on children’s
schooling: A comparison of estimation methods, Journal of Economic Literature, 49(3), 615—
651.

Hsin, A. (2012) Is biology destiny? Birth weight and differential parental treatment, Demography,
49(4), 1385-1405.

Jacob, B. & Rothstein, J. (2016) The measurement of student ability in modern assessment systems,
Fournal of Economic Perspectives, 30(3), 85-108.

Jakubowski, M. & Pokropek, A. (2013) PISATOOLS: Stata module to facilitate analysis of the data
from the PISA OECD study. Statistical Software Components S457754 (Chestnut Hill, MA,
Boston College Department of Economics).

Jakubowski, M. & Pokropek, A. (2015) Reading achievement progress across countries, Interna-
tional Fournal of Educational Development, 45, 77—88.

Jakubowski, M. & Pokropek, A. (2019) Piaactools: A program for data analysis with PIAAC data,
The Stata Journal, 19(1), 112-128.

Jencks, C. et al (1972) Inequality: A reassessment of the effect of family and schooling in America (New
York, Basic Books).

© 2021 The Authors. British Educational Research Fournal published by John Wiley & Sons Ltd on behalf of British Educational
Research Association.



Socio-economic disparities in literacy skills 25

Jerrim, J. & Choi, A. (2013) The mathematics skills of school children: How does England compare
to the high-performing East Asian jurisdictions?, Journal of Education Policy, 29(3), 349-376.

Johnson, M.K. (2001) Job values in the young adult transition: Stability and change with age, Social
Psychology Quarterly, 64(4), 297-317.

Kahneman, D. & Tversky, A. (1979) Prospect theory: An analysis of decision under risk, Economet-
rica, 47(2), 263-291.

Kerckhoff, A.C. (2001) Education and social stratification processes in comparative perspective,
Sociology of Education, 74, 3—18.

Lareau, A. (2002) Invisible inequality: Social class and childrearing in black families and white fam-
ilies, American Sociological Review, 67(5), 747-776.

Lucas, S.R. (2001) Effectively maintained inequality: Education transitions, track mobility, and
social background effects, American Fournal of Sociology, 106, 1642—1690.

Lucas, S.R. (2009) Stratification theory, socioeconomic background, and educational attainment:
A formal analysis, Rationality and Sociery, 21(4), 459-511.

Marks, G.N. (2013) Education, social background and cognitive ability: The decline of the social (Lon-
don, Routledge).

McLoyd, V. (1998) Socioeconomic disadvantage and child development, American Psychologist, 53,
185-204.

Montt, G. (2011) Cross-national differences in educational achievement inequality, Sociology of
Educarion, 84, 49—-68.

Mullis, I.V.S., Martin, M.O. & Loveless, T. (2016) 20 years of TIMSS: International trends in mathe-
matics and science achievement, curriculum, and instruction. (Boston College, TIMSS & PIRLS
International Study Center, Lynch School of Education).

OECD (1999) Measuring student knowledge and skills: A new framework for assessment (Paris, OECD
Publishing).

OECD (2002) PISA 2000 technical report (Paris, OECD Publishing).

OECD (2015a) Immigrant students at school: Easing the journey towards integration (Paris, OECD
Publishing).

OECD (2015b) Education at a glance 2015 (Paris, OECD Publishing).

OECD (2016) Technical report of the survey of adult skills (2nd edn) (Paris, OECD Publishing).

OECD (2018) Equity in education: Breaking down barriers to social mobiliry (Paris, OECD Publish-
ing).

OECD (2020) Education at a glance 2020: OECD indicators (Paris, OECD Publishing).

Oreopoulos, P. & Salvanes, K.G. (2011) The nonpecuniary benefits of schooling, Fournal of Eco-
nomic Perspectives, 25(1), 159-184.

Paccagnella, M. (2016) Age, ageing and skills: Results from the survey of adult skills. OECD Education
Working Paper No. 132 (Paris, OECD Publishing).

Peaker, G. (1971) The Plowden children four years later (London, National Foundation for Educa-
tional Research in England and Wales).

Pensiero, N. & Green, A. (2018) The effects of post-compulsory education and training systems on
literacy and numeracy skills: A comparative analysis using PISA 2000 and the 2011 survey of
adult skills, European Fournal of Education, 53, 238-253.

Pfeffer, F.T. (2008) Persistent inequality in educational attainment and its institutional context,
European Sociological Review, 24(5), 543-565.

PIAAC Literacy Expert Group (2009) PIAAC literacy: A conceptual framework. OECD Education
Working Paper No. 34 (Paris, OECD Publishing).

Plomin, R. & Deary, I.]. (2015) Genetics and intelligence differences: Five special findings, Molecu-
lar Psychiatry, 20, 98-108.

Pokropek, A., Borgonovi, F. & Jakubowski, M. (2015) Socio-economic disparities in academic
achievement: A comparative analysis of mechanisms and pathways, Learning and Individual
Differences, 42, 10-18.

Pokropek, A., Borgonovi, F. & McCormick, C. (2017) On the cross-country comparability
of indicators of socioeconomic resources in PISA, Applied Measurement in Education, 30(4),
243-258.

© 2021 The Authors. British Educational Research Fournal published by John Wiley & Sons Ltd on behalf of British Educational
Research Association.



26 F. Borgonovi and A. Pokropek

Pokropek, A. & Borgonovi, F. (2020) Linking via pseudo-equivalent group design: Methodological
considerations and an application to the PISA and PIAAC assessments, Journal of Educational
Measurement, 57(4), 527-546.

Raftery, A. E. & Hout, M. (1993) Maximally maintained inequality: Expansion, reform and oppor-
tunity in Irish education, 1921-1975, Sociology of Education, 66, 41-62.

Restrepo, B.]. (2016) Parental investment responses to a low birth weight outcome: Who compen-
sates and who reinforces?, Journal of Population Economics, 29(4), 969-989.

Rimfeld, K., Malanchini, M., Krapohl, E., Hannigan, L.]J., Dale, P.S. & Plomin, R. (2018) The sta-
bility of educational achievement across school years is largely explained by genetic factors. npj
Science of Learning, 3(1). https://doi.org/10.1038/s41539-018-0030-0.

Rozer, J. & Van de Werthorst, H. (2017) Inequalities in educational opportunities by socioeconomic and
migration background: A comparative assessment across European societies (Utrecht, ISOTIS).

Rubin, D.B. (1987) Multiple imputation for nonresponse in surveys New York, Wiley).

Rutkowski, D. & Rutkowski, L. (2013) Measuring socioeconomic background in PISA: One size
might not fit all, Research in Comparative and International Education, 8(3), 259-278.

Sapolsky, R.M. (2017) Behave: The biology of humans at our best and worst (New York, Penguin
Press).

Schaub, M. (2010) Parenting for cognitive development from 1950 to 2000: The institutionaliza-
tion of mass education and the social construction of parenting in the United States, Sociology
of Education, 83(1), 46—66.

Schulenberg, J.E., Sameroff, A.J. & Cicchetti, D. (2004) The transition to adulthood as a critical
juncture in the course of psychopathology and mental health, Development and Psychopathology,
16(4), 799-806.

Schulenberg, J.E. & Schoon, I. (2012) The transition to adulthood in the UK, the US, and Finland:
Differential social role pathways, their predictors and correlates, Longitudinal and Life Course
Studies, 3(2), 164-172.

Schulenberg, J., Vondracek, F.W. & Kim, J. (1993) Career certainty and short-term changes in
work values during adolescence, Career Development Quarterly, 41(3), 268-284.

Shavit, Y. & Miiller, W. (2000) Vocational secondary education, European Societies, 2(1), 29-50.

Sirin, S.R. (2005) Socioeconomic status and academic achievement: A meta-analytic review of
research 1990-2000, Review of Educational Research, 75(3), 417-453.

Skopek, J. & Passaretta, G. (2020) Socioeconomic inequality in children’s achievement from
infancy to adolescence: The case of Germany, Social Forces, soaa093. https://doi.org/10.1093/
sf/soaa093.

Smith, M.C., Mikulecky, L., Kibby, M.W., Dreher, M.J. & Dole, J.A. (2000) What will be the
demands of literacy in the workplace in the next millennium?, Reading Research Quarterly, 35
(3),378-383.

Trzaskowski, M., Harlaar, N., Arden, R., Krapohl, E., Rimfeld, K., McMillan, A. et al (2014)
Genetic influence on family socioeconomic status and children’s intelligence, Intelligence, 42,
83-88.

UNESCO (2015) Education for all 2000-2015: Achievements and challenges (Paris, UNESCO).

van Hek, M., Buchmann, C. & Kraaykamp, G. (2019) Educational systems and gender differences
in reading: A comparative multilevel analysis, European Sociological Review, 35(2), 169—186.

White, K.R. (1982) The relation between socioeconomic status and academic achievement, Psycho-
logical Bulletin, 91, 461-481.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article:

Table S1. Country-specific contextual variables.
Table S2. Sample size for PISA 2000 and PIAAC.

© 2021 The Authors. British Educational Research Fournal published by John Wiley & Sons Ltd on behalf of British Educational
Research Association.


https://doi.org/10.1038/s41539-018-0030-0
https://doi.org/10.1093/sf/soaa093
https://doi.org/10.1093/sf/soaa093

Socio-economic disparities in literacy skills 27

Table S3. Mean literacy achievement growth between age 15 and age 26-28, by
country.

Table S4. Disparities in literacy achievement growth, by parental education and
by country.

Table S5. Achievement growth between age 15 and 2628, by percentile and by
country.

Table S6. Disparities in achievement growth between age 15 and 26-28, by par-
ental educational attainment and percentile, by country.

Table S7. Socio-economic differences in access to formal and informal learning
opportunities, by country.

Table S8. Raw and adjusted gap for literacy achievement (OLS regression) with
marginal effects.

© 2021 The Authors. British Educational Research Fournal published by John Wiley & Sons Ltd on behalf of British Educational
Research Association.



