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ABSTRACT

An early start to good-quality early childhood education and care (ECEC) is
considered beneficial, especially for disadvantaged children’s development
and educational outcomes. This assumption was tested using the latest two
waves (2015 and 2018) of data from the Programme for International Student
Assessment (PISA) in five countries using the Nordic model of early education
and care: Denmark, Finland, Iceland, Norway, and Sweden. The article finds
evidence of the overall positive association between the age of entry in ECEC
and literacy at age 15 in all Nordic countries. However, the relationship is
non-linear, and the highest benefits seem to occur following entry into ECEC
from ages two to three. The link between family background and ECEC
enrollment largely explains this association. We did not find that ECEC would
generally compensate for low socioeconomic status (SES) in children’s
achievement. However, the Matthew effect was observed in Norway, where
an early ECEC start is more strongly associated with literacy scores for
affluent children than disadvantaged children. These findings have limitations
due to their correlational nature. Still, this article indicates that even in high-
quality universal ECEC systems, early preschool education is not a panacea
for lowering achievement gaps due to parental background.
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Introduction

Human capital theory suggests that early investments in children’s edu-
cation are crucial because learning is cumulative, and the earlier such
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investments are made, the higher the profits (Heckman 2000, 2006;
Heckman and Masterov 2007). Combined with supporting maternal
employment, universal early childhood education and care (ECEC)
has been seen as a social investment that can increase society’s pro-
ductivity while reducing inequalities when targeting these services at
disadvantaged children (Esping-Andersen 2008). Indeed, differences
in children’s skills according to the family background have been
observed before school age (Bradbury et al. 2015). Many studies
show that high-quality ECEC can support the learning and educational
attainment of disadvantaged children in particular, thus reducing
societal inequalities (Burger 2010; Melhuish et al. 2015). This has
also been found in studies examining universal ECEC (Drange and
Havnes 2018; van Huizen and Plantenga 2018; Dietrichson et al.
2020). Because of its importance for society, early childhood education
has become an important element in the public discourse and as a
political objective. The World Bank (2023) states that the ECEC is
‘the smartest thing a country can do to eliminate poverty’. In contrast,
the OECD has actively supported the design of new childcare policies
through intensive data collection and reporting for more than two
decades. In addition, the Barchelona objectives, a plan that aimed to
turn Europe’s economy into a competitive and knowledge-based
one, saw within ECEC a way to strengthen human capacities. Accord-
ing to these objectives, 33% of children under the age of three years
and 90% of children above the age of three years should ideally
attend childcare, with the eventual goal of near-universal childcare
attendance (European Council 2013).

Parents have primary responsibility for raising children. Still,
especially in the Nordic countries, societal responsibility is also signifi-
cant, as reflected in universal, subsidized, and high-quality ECEC. The
Nordic countries are considered the golden standard for family policies
(Thévenon 2011). A comprehensive family policy aims to support
mothers’ employment, increase the fathers’ share of childcare, and
help reconcile work and family life (Daly 2020). The intention is that
after parental leave, both parents will return to work, and the child
will participate in ECEC. High-quality ECEC also facilitates parental
return to the labor market. In the Nordic countries, school starts at
six to seven years old, so children spend a relatively long time in
ECEC before starting school.

Due to these characteristics, we can discuss the ‘Nordic model’ of early
education, partly due to these countries’ social-democratic universalistic
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welfare state model (Esping-Andersen 1999). The characteristics of this
model are universal early education from the age of one, high-quality
programs of homogenous quality, and public education. Preschool edu-
cation is conceived as a right for all children and independent of parental
conditions. Childcare is also heavily subsidized, making it accessible and
affordable to low-income families. Consequently, participation rates in
early formal childcare services are very high in the Nordic countries.
Nevertheless, despite the similarities in the Nordic countries, there are
significant differences in how family policies guide ECEC enrollment;
this is reflected in the differences in the internal organization of ECEC
in each country. For example, in Finland and Norway, children’s home
care is supported by cash benefits. In four of the five countries, entrance
to ECEC is a legal right, the only exception being Iceland. The total rates
of attendance also varied in the data for the 2015 and 2018 cohorts exam-
ined by the Programme for International Student Assessment (PISA),
with the highest attendance of three-year-olds in Iceland and Denmark
(91% and 81%), followed by Sweden and Norway (76% each), and the
lowest participation in Finland (36%, see European Commission 2009).
The differences in how these countries’ childcare is organized and their
populations’ uptake of ECEC, which varies according to the children’s
age, can be expected to influence the disparities in child outcomes.
Because of the many common features of ECEC and parental policies
in the Nordic model, a comparison among them is more likely to show
whether the small differences in the design of otherwise highly efficient
policies matter for children and the social inequality in early education,
and if so, how.

This article defines ECEC as the institutional combination of care and
education before primary school. It relies on the two most recent waves of
PISA data and contributes to the literature by examining the association
between the starting age of ECEC and high school literacy scores across
five Nordic countries. Studies have often shown an interest in how ECEC
benefits children compared to home care, but no full consensus exists on
how ECEC participation at different ages is linked to children’s edu-
cational attainment (Burger 2010). In this work, we study children as
the central agents, relying on the available student reports in all the
studied countries. We also assess whether an early start reduces edu-
cational inequality. Although single-country analyses on this topic
exist, only a few studies include cross-country comparisons (see
Cebolla-Boado et al. 2016; Dammrich and Esping-Andersen 2017).
Finally, these five Nordic countries have not previously been compared
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using the same data, so this study examines this issue from a novel
perspective.

Theoretical mechanisms: the human capital perspective,
compensation, and the Matthew effect

The human capital perspective assumes that investment in human capital
- or the skills and knowledge acquired through education and training
(Becker 1962) - increases the cognitive potential of individuals. Accord-
ing to James Heckman (2000, 2006), investments in individuals should be
made as early as possible because learning is cumulative, so early invest-
ment offers the best returns on children’s human capital accumulation. It
is also often emphasized that early childhood (0-3 years) is a significant
time for brain development in children (Shonkoff and Phillips 2000).
Positive events in this period can enhance a child’s potential, while
adverse events can significantly reduce children’s capacities (Heckman
2012). Both families and educational institutions have increasingly
become aware of the importance of supporting children during their
early years. On the one hand, we know more about specific parenting
styles that increase children’s school-related skills (Lareau 2003). The
quality of the home environment is transforming due to the constant
pressure to improve children’s intellectual stimulation and parental inter-
action (Kulic et al. 2017). On the other hand, a longer exposure to school-
ing is a crucial element in human capital formation. This focus on
duration is accompanied by a growing focus on improving quality in
ECEQ, regarded as essential for positive outcomes (Burger 2010). There-
fore, more years of (high-quality) ECEC are expected to be associated
with better cognitive achievement.

Moreover, investing in the human capital of disadvantaged children is
thought to reduce inequalities and benefit society’s productivity
(Heckman and Masterov 2007). However, a more nuanced analysis of
the potential of investment to benefit disadvantaged children uncovers
two parallel perspectives on how ECEC attendance can relate to social
inequalities. The first perspective assumes that ECEC will attenuate
inequalities because more disadvantaged children will likely experience
increased benefits. This means that early education will be able to com-
pensate disadvantaged children for their initial disadvantage (Magnuson
and Shager 2010). The low socioeconomic position of families may
deprive children of the right conditions for their development, whereas
a longer exposure to good quality education may reverse these patterns
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(Burger 2010; Kulic et al. 2017). The second perspective assumes that
ECEC can also increase inequalities, for instance, because children
from highly educated families will be able to profit more from ECEC
either due to their gene and environmental interaction, as mentioned
above (Tucker-Drob and Harden 2012) or because of the more careful
selection of ECEC institutions undertaken by their families (Augustine
et al. 2009). In other words, the differential effects of ECEC on outcomes
conditional on attendance will favor children from socioeconomically
advantaged families. In the literature, this is known as the Matthew
effect (Rigney 2010). The examples of more advantaged children benefit-
ing more from schooling are found throughout countries and even in the
Nordic egalitarian context. Nennstiel (2022) reports for Germany that
after controlling for initial student achievement, achievement gaps by
parental socioeconomic status (SES) grow over schooling career net of
school attendance, while they remain stable if prior achievement is not
considered. Sandser et al. (2023) instead find a consistent and uncondi-
tional growth of the achievement gap by parental income from primary
to secondary school in Norway. The Matthew effect is reported even in
the interventions in home environments, which are found to be more
effective for middle-class parents than low-class parents (for a review,
see Bakermans-Kranenburg et al. 2005). Moreover, the Matthew effect
also appears in preschool attendance, as more advantaged children are
more likely than disadvantaged children to use formal childcare indepen-
dent of the employment situation of their families (Pavolini and Van
Lancker 2018; Kulic et al. 2019; Wood et al. 2023).

Both mechanisms, attenuation of disadvantage and an increase in
advantage, can be in place simultaneously, and they will depend on the
institutional features of the context studied. Countries characterized by
a stronger selection of childcare but without universal attendance in pre-
school institutions are often found to reproduce the patterns of the
Matthew effect (Magnuson et al. 2007; Gambaro et al. 2014). In contrast,
good-quality and highly universal systems can be expected to promote a
wider compensation for those disadvantaged because all families are
equally likely to access and profit from ECEC attendance (Esping-Ander-
sen et al. 2012). High selection into better quality institutions according
to SES background is therefore less likely. The specific hypotheses in this
article are based on the theoretical expectations of a positive effect of an
early start to ECEC on human capital formation and specificities of the
family and early education policies of the Nordic countries that guarantee
universal access to ECEC and its high quality. The latter leads to an
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expectation of compensation for the low start of disadvantaged children
but to a different degree depending on specific country contexts, as
detailed below.

Empirical evidence on (universal) ECEC and educational
outcomes

This section presents an overview of studies on the overall benefits of
early education - particularly for children from low-educated or low-
income families — and studies about the role of age of entry into ECEC
for child cognitive achievement.

The effects of ECEC participation

A plethora of research summarizes the effects of ECEC participation on
achievement. A review of these results and the most recent meta-ana-
lyses of intervention studies on disadvantaged children find a positive
effect of ECEC interventions. Nores and Barnett (2010) review non-
US evidence on the effects of early childhood programs from quasi-
experimental and experimental studies in 23 countries. They report
noteworthy benefits for (disadvantaged) participants in cognitive and
non-cognitive development, health, and future educational outcomes,
particularly for more stimulating programs. Camilli et al (2010)
reviewed 123 studies and conducted a meta-analysis of quasi-exper-
imental and randomized studies, finding significant gains for children
who attended a preschool program before kindergarten, particularly
in cognitive development. These authors highlighted the importance
of an early entry to these gains. McCoy et al. (2017) focused instead
on medium- and long-term outcomes of early childhood interventions.
Their meta-analysis shows that attending ECEC reduces special edu-
cation needs and grade retention and positively impacts graduation
(of disadvantaged children).

However, the observational studies that used sources of international
competence data like ours, such as PISA or the Progress in International
Reading Literacy Study (PIRLS), have not fully clarified the association of
preschool education with future cognitive outcomes in primary and sec-
ondary school. Strietholt et al. (2020) do not find a consistent positive
effect of preschool expansion on achievement using longitudinal PIRLS
and PISA data components. In addition, Hogrebe and Strietholt (2016)
show that in only two out of eight countries in PIRLS data from 2011
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(e.g. Singapore and Sweden, but not Norway), preschool attendance (of
disadvantaged children) is significantly associated with later student
achievement. Dammrich and Esping-Andersen (2017) found that pre-
school participation was associated with better literacy outcomes in
primary school but not secondary school.

The role of starting age

Most of the literature above on interventions claims that an earlier start is
better. However, the number of studies that test the role of age of entry
for cognitive and non-cognitive development is limited, and the results
are inconclusive. Han et al. (2001) find for the US that entering preschool
in infancy may harm advantaged children. Han et al. (2001) report
behavioral problems at ages seven and eight among American children
who presumably attended childcare in the first nine months after birth
while their mothers worked. In another American study (Loeb et al.
2007), the authors find that the optimal age to enter preschool is
between age two and three, as entering at a younger age does not show
particular benefits or even harms preschool skills. They also find signifi-
cant behavioral problems for children entering at age two, particularly for
those entering below the age of one.

In the Nordic context, however, an earlier start is, on average, seen as
positive. In Sweden, children who started ECEC before age one performed
better in school and on socio-emotional outcomes at ages 8 and 13 than
those who started ECEC later or did not participate in ECEC at all
(Andersson 1989, 1992). In two studies that dealt with cohorts born in
the early 2000s, an earlier start in ECEC in Norway was found to have a
positive effect on language and math skills at the age of three and seven,
especially for children of low-educated and low-income families
(Dearing et al. 2018; Drange and Havnes 2018). In Finland, ECEC begin-
ning at ages two and four were each found to provide a better option for
children’s educational attainment than home care (Karhula et al. 2017;
Kosonen and Huttunen 2018). In Finland, these effects have been found
not to vary in terms of family background (Karhula et al. 2017;
Kosonen and Huttunen 2018). In contrast, in Germany, children who
started universal ECEC three months earlier did not perform differently
on cognitive tests compared to children who started later, regardless of
family background (Kuehnle and Oberfichtner 2020). In England, early
schooling before the age of five increased test scores at ages five and
seven, but this effect was no longer visible when children were 11
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(Cornelissen and Dustmann 2019). Finally, Cebolla-Boado et al. (2016)
studied literacy outcomes in a comparative study of 28 developed
countries using 2011 PIRLS survey data. They find that the longer children
spend time in preschool (thus, the earlier they enter), the better they
succeed in literacy tests in the fourth grade. This benefit was greater for
children of low-educated parents. The study shows that the length of pre-
school has a positive overall association with literacy outcomes in fourth-
grade children in Denmark and Sweden, but the association is negative in
Finland. However, a more detailed examination shows that ECEC has a
compensatory association with literacy outcomes in Denmark and
Finland, while in Sweden, no such compensation was observed.

ECEC in the Nordic countries

The different combination of the main ECEC characteristics, including
the availability of cash for care schemes and the availability, costs, and
quality of ECEC, might make certain countries better equipped to com-
pensate for the disadvantaged position of specific groups, including low-
SES children.

The features of the Nordic family policy are a relatively long paid par-
ental leave and a universal, mainly publicly funded, subsidized, and high-
quality ECEC (Thévenon 2011). The income-protected parental leave
length was about 9-12 months in the early 2000s in the Nordic countries.
In Denmark, Finland, and Sweden, school starts the year the child turns
seven, but children participate in preschool in the year when they turn
six. In Norway and Iceland, school starts the year the child turns six.

Before entering pre-primary or primary school, children can partici-
pate in ECEC, the features of which are described in Table 1. The data
in the table has been collected to best describe the years 2000-2008,
when the target group for this study participated in ECEC. Comparing
ECEC systems in different countries is challenging because the insti-
tutions and policies of countries vary widely. In addition to national
guidelines, the Nordic welfare policy also strongly involves local
decision-making, which is why large differences exist in the organization
of ECEC services between municipalities.

Enrollment to ECEC

ECEC can start at a very young age. Except for Iceland, children in
Nordic countries have a legal right to early childhood education after
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parental leave (European Commission 2015). In Denmark, ECEC can be
started at around 8 months of age, in Finland at around 10 months, and
in Sweden and Norway at around 12 months. In Iceland, ECEC can start
at 18 months, but before that, the child can attend in-home childcare
(The Nordic Council and the Nordic Council of Ministers n.d.).

Between 2000 and 2005, the proportion of three-year-olds participat-
ing in ECEC was over 90% in Iceland, over 80% in Denmark, over 75% in
Norway and Sweden, and around 36% in Finland. For four-year-olds,
ECEC participation was over 90% in Iceland and Denmark, over 80%
in Norway and Sweden, and around 45% in Finland. In the EU-27
countries, the corresponding figures were 66% for three-year-olds and
83% for four-year-olds (European Commission 2009). Participation is
thus significantly higher in Denmark and Iceland than in the EU-27 gen-
erally. In Norway and Sweden, the participation rate was about 10 per-
centage points higher for three-year-olds and around the EU-27
average for four-year-olds. In Finland, the ECEC participation rate of
three- and four-year-olds was almost 50% lower than the EU-27
average. Finland’s low ECEC participation rate has been considered
linked to the comprehensive home care allowance system (Thévenon
2011). Moreover, we can see that in 2017, the ECEC participation rate
increased in all countries to 74% in Finland and over 90% in other
countries for three-year-olds.

The official ECEC participation rate in Denmark and Iceland is highly
similar to that reported in the PISA data. In Sweden, Norway, and
Finland, the participation rate in the PISA data is somewhat higher than
the Eurydice Report mean for 2000-2005 (European Commission 2009).
In Finland, the participation rate of four-year-olds in the PISA survey is
17 percentage points higher than in the report. However, the Eurydice
Report looks at center-based ECEC. In Finland, for example, almost a
third of children in 2000 and about a quarter in 2005 were in family-
based ECEC (Sdkkinen and Kuoppala 2016). Therefore, the figures in the
Eurydice Report are not directly comparable with those in the PISA data.

Staff ratio, staff education and curriculum in ECEC

Denmark, Sweden, and Iceland have no regulations for staff-child ratio or
group size at the national level, as these are decided locally (European
Commission 2009). In 2003, Denmark’s staff-child ratio was 1:3.3 for
children aged 0-2 years old and 1:7.2 for children aged 3-5 years. In
Sweden, the staff-child ratio is typically 1:5-6. In Iceland, the mean
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staft-child ratio for 2000-2008 was 1:5.5 for all children under school age
based on our calculation from the Statistics Iceland database (Statistics
Iceland 2023a, 2023b).

In Norway and Finland, group size is decided locally, but the staff-
child ratio has a national guideline. In Finland, the ratio is 1:4 for 0-2-
year-olds and 1:7 for 3-5-year-olds. In Norway, the staff-child ratio is
computed per trained pedagogue and is 1:7-9 for 0-3-year-olds and
1:14-18 for 3-6-year olds. The proportion of children participating in
full-time family day care is 4-5 children per caregiver in the Nordic
countries (European Commission 2015).

In all Nordic countries, kindergarten teachers have a tertiary edu-
cation, but there are also other care staff with lower educational qualifica-
tions. In Iceland, tertiary education is a master’s degree, and in other
countries, a bachelor’s degree (European Commission 2009). The pro-
portion of highly educated staff working with children under three is
60% in Denmark and 51% in Sweden. The proportions are lower in
Finland, Iceland, and Norway, at 30%, 34%, and 35%, respectively. The
ECEC curriculum is in use in all Nordic countries, but in Finland, it
has only been applied to preschools since the early 2000s.

ECEC fees, share of GDP, and home care allowances

ECEC is mainly funded at the local level in most Nordic countries, but in
Finland and Sweden, it is also funded at the national level. ECEC fees are
publicly subsidized on both the public and the private side. In Sweden, for
example, ECEC for three-year-olds is free to all children for 19 hours a
week, while in Finland, Sweden, Denmark, and Norway, payments are
linked to family size and income. In Iceland, the fees are decided by
the municipalities (European Commission 2015). ECEC fees, on
average, cover 22% of the service cost in Denmark and 15% in Finland.
In Iceland, the maximum cost was about 25% (but in 2018). In
Norway, ECEC pays a maximum of 20% to families, and in Sweden,
the price of services is 11% of the cost of services. Table 1 also shows
the mean of total public expenditure in 2000-2008 on ECEC by its per-
centage of GDP. Denmark has the largest allocation, at 1.36%. In Sweden
and Iceland, the allocation is at essentially the same level, 1.19% and
1.14%. The smallest allocations are in Finland and Norway, 0.89 and
0.77%.

In addition to ECEC, the Nordic countries offer cash allowances that
allow children to be cared for at home. Home care allowance is most
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extensive in Finland and Norway. In Finland, a home care allowance is
available for the care of children under three years of age, and in
Norway, for children under two years of age. However, in the early child-
hood of students in this study, a home care allowance was available in
Norway for children under three years of age (Ellingsaeter 2012). In
addition, in Finland, home care allowances can also be received for the
care of older children if the family has a child under the age of three ben-
efiting from them. In Denmark and Iceland, it is also possible to receive a
municipal home care allowance. However, it is not widely used. In
Sweden, the home care allowance was unavailable between 2000 and
2007, when the students in this study were in early childhood (Giuliani
and Duvander 2017).

Based on staff-child ratio, staff education, and total public expenditure,
which connect to the quality of ECEC and the presence and use of cash-
for-care schemes that discourage ECEC participation, it seems that
Denmark and Sweden are the two countries that, overall, provide the
best conditions for ECEC, followed by Norway, Finland, and Iceland.
Against this background, we assume Denmark and Sweden are the fore-
runners in ECEC in the Nordic context, while Finland, Iceland, and
Norway are falling behind.

Contribution of this research and hypotheses

There are theoretical expectations and empirical evidence that universal
ECEC has a positive effect on children’s development and later outcomes.
However, the results of country-specific studies may be difficult to
compare because the definition of ECEC varies between studies. In
addition, the benefits of ECEC would appear to be greater for children
from a more disadvantaged family background. Furthermore, theoreti-
cally, the earlier the ECEC is started, the greater the benefit to the
child. This would seem to support Heckman’s hypothesis of human
capital accumulation.

Our study contributes to the literature by examining the association
between the commencement of ECEC and long-term literacy by compar-
ing five countries with universal high-quality childcare. By comparing
countries with similar ECEC organizations but partially different access
rates, costs, availability of specific schemes, and quality, we aim to evalu-
ate the overall association between ECEC start and children’s cognitive
development. In addition, we study the potential of high-quality univer-
sal ECEC in compensating for the disadvantage of children in societies
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that invest in children using the PISA scores. This study’s central focus is
on the role of the starting age. The three research questions are as follows:
(1) Is an earlier start in ECEC associated with better literacy scores among
children? (2) Does it have a compensatory role for the literacy scores of
low-SES children at the age of 15? (3) Are there differences between the
Nordic countries in how the starting age for ECEC is associated with stu-
dents’ literacy scores when they are 15 years old?

Opverall, we expect a positive association between ECEC and literacy in
the Nordic childcare policy model with relatively high quality, and we
hypothesize that an earlier start is associated with higher literacy scores
at the age of 15 (H1a). Given the differences across Nordic countries in
the way ECEC is financed and organized, we expect that the average
association will (be shown to) be strongest in Denmark and Sweden and
weakest in Finland, Iceland, and Norway (H1b). Regarding SES differ-
ences, we expect to see patterns of compensation in all countries: the
difference in literacy scores between the low- and high-SES students will
prove to be smaller the earlier ECEC is started (H2a). Following the
country rankings described in the previous section concerning the
overall characteristics of ECEC and the availability of cash-for-care
schemes, we further hypothesize that the compensation will be (seen to
be) strongest in Denmark and Sweden and the least strong in Finland,
Iceland, and Norway (H2b).

Data and methods

We employed pooled PISA data from 2015 and 2018. The data were
cross-sectional; in the PISA survey, students took a two-hour exam and
then responded to a background survey that examined, for example,
the student’s home background and attitudes toward learning. In the
Nordic countries, the responses to the background surveys were based
on the responses reported by students in the 2015 and 2018 PISA
surveys. Descriptive statistics are presented in Table Al in the appendix.

As dependent variables in the study, we used literacy plausible value
(PV) scores derived from a literacy test (OECD 2022b). For the analyses,
we standardized the literacy scores by year and country, with a mean of 0
and a standard deviation of 1.

Our main independent variable was the starting age of ECEC. Given
that ECEC starts early in the Nordic countries, not many students in
the sample started ECEC late, prompting us to use the pooled data. Stu-
dents were asked at what age they started ECEC. In Finland and Sweden,
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the question about starting ECEC asked at what age they, as children,
entered childcare or preschool. In Norway and Iceland, this question
enquired about the age at which children started childcare; in
Denmark, it asked at what age children started ‘bernehave’ or preschool.
Bornehave is a childcare institution that starts at around the age of two to
three years and lasts until the child begins preschool. In Denmark, chil-
dren from zero to three years old attend ‘vuggestue’, a childcare insti-
tution that precedes bernehave attendance. The country differences
regarding the start and the organization of ECEC require some caution
in direct comparison between countries.

Response options for our independent variable were: ‘1 year of age or
earlier’, 2 years of age’, ‘3 years of age’, “4 years of age’, ‘5 years of age’, ‘6
years of age or older’, ‘did not participate’, and ‘do not remember’. We
combined the last two categories in each because starting late and not
attending ECEC are relatively marginal in Nordic countries. In
Denmark, the first answer is at the age of two or earlier, likely because
bernehave begins at age two at the earliest. For Iceland and Norway,
we looked at the differences between those who started ECEC at the
ages of 0-1, 2, 3, and 4 or older or who responded that they did not par-
ticipate. In Denmark, Finland, and Sweden, the final categories were ‘5 or
older’ or ‘did not participate’. Approximately 25% of the answers in the
data were ‘do not remember’.

Family background was described by a ready-made variable: the econ-
omic, social, and cultural status (ESCS) index. This index was formed via
principal component analysis of parental education, parental occupation,
and the family’s cultural and financial capital. The index was standar-
dized, with a mean of 0 and a standard deviation of 1 among the students
from the OECD countries (OECD 2017). We categorized the index into
five classes by country and the year of the data; the graphical results
compare students between the lowest and highest categories of ESCS.

Our analyses controlled for students’ basic demographic character-
istics: gender, age in months, home language, and immigrant status.
Although the students were of the same age, those born at the beginning
and end of a year may have differences in the duration of their ECEC par-
ticipation. An immigrant background, in turn, has been linked to lower
academic achievement on average (Heath et al. 2008) and a later ECEC
start (Cornelissen et al. 2018). We included only those students who
began primary school at ages 5-7, the usual starting age range in the
Nordic countries. In addition, students who had a missing value in the
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ESCS variable or the home language or immigration status variables were
excluded from the analyses.

Around 25% of the students answered that they did not remember
their starting age for ECEC, so we used multiple imputations to
account for the possible bias due to these missing answers. We utilized
Stata’s built-in multiple imputation tools (Mi estimate command); we
ran an ordered logistic regression imputation where we predicted stu-
dents’ ECEC starting age by their ESCS index, gender, immigration back-
ground, and home language. With multiple imputations, we created 10
multiply imputed datasets, from which Stata calculates 10 different
regression coefficients and standard errors, combining these estimates
into one set of statistics. After imputation, the maximum number of
missing observations was 60 across all imputed samples. For our
primary analyses, we performed multilevel linear regression, where we
nested students in schools by adding the school id to our models. We
also weighted the data using PISA’s final student weights and only the
first plausible value for literacy as our dependent variable; our analyses
with the imputation strategy do not allow us to utilize replicate weights
when analyzing the set of plausible values. Instead of using a model-
based approach, the OECD recommends using design-based methods
to account for complex survey design when analyzing weighted replicate
samples and plausible values (OECD 2023). However, using only one
plausible value and utilizing final student weights has led to similar
results (Jerrim et al. 2017).

For the robustness check analyses, we used the Repest package for
Stata, which accounts for the hierarchy and sampling of the data (Avvisati
and Keslair 2014). Repest was used to run analyses with weighted repli-
cate samples and plausible values used in complex survey designs, such as
PISA data. Two types of weights can be used with Repest. Here, final
student weights were used because students and schools may not have
the same probability of being selected for the sample. Replicate weights
were used for balanced repeated replication to account for the sampling
error when schools were selected. Moreover, student test scores may
suffer from measurement error, so the test scores were partly imputed:
the PISA survey relies on using 10 plausible values; thus, the students’
assumed competence can be calculated. Repest is not designed to work
with imputed samples. Yet, we include controls for the missing
answers in our regression models when running the robustness checks
with Repest.
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For each country, we applied multilevel ordinary least squares (OLS)
regression models in two steps: first, the models contained the age of
ECEC entry as the main independent variable; second, the models
included the interaction between the age of ECEC entry and the student’s
ESCS. We observed the predicted values of literacy scores both overall
and by each ESCS group.

The analyses included four major control variables considered stable
over time, but they omitted other variables with these characteristics.
The questionnaire did not provide useful information on individual
health status, other relevant stable personal characteristics, or the charac-
teristics of the parents at the time of attendance. All these could have been
useful in explaining the achievement gap due to the age of ECEC entry
and, therefore, present a potential source of selection bias.

Stata do-files with which our analyses can be replicated are available
online (Laaninen et al. 2024).

The association between ECEC enrollment age and literacy
scores at the age of 15

Figure 1 shows the literacy scores at different ECEC enrollment ages
with and without adjusting the ESCS. In these models, we (1) regressed
ECEC starting age on literacy score and (2) regressed ECEC starting age
and ESCS index on literacy score. Both of our models controlled for
gender, immigrant status, home language, and age in months.
Regression tables are shown in Table A2 in the appendix. Generally,
we found that those students who started ECEC from ages one to two
and three appear to have higher literacy scores than children who
started at up to the age of one and those who started ECEC at four or
later. When adjusting for the ESCS, the score differences between the
different enrollment groups narrow subtly. This is unsurprising, as
family background is associated with both ECEC starting age and aca-
demic achievement.

There were some differences between countries regarding which
ECEC starting age appears most beneficial. In Denmark, ECEC refers
to the ‘bernehave’, which typically starts at the age of three. Most
Danes also participate in the ‘vuggestue’ from birth to age two. In
Denmark, those who started bernehave at the age of three - the
common enrollment age - achieve the highest literacy scores compared
to all other groups. ECEC that typically began at the following ages
seemed more beneficial for children’s literacy scores than ECEC that
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Figure 1. Literacy scores net of demographic controls with and without adjusting for
ESCS by starting age in ECEC. Prediction from the OLS models with multiply imputed
data, demographic controls, and school fixed effects and 95% Cl.

began at the age of one: age three in Norway, age two in Finland and
Iceland, and ages two to three in Sweden. However, for some countries,
these differences were not statistically significant (e.g. Finland and
Norway). Compared to other countries, those who started ECEC at
birth to age one do particularly poorly in literacy tests in Iceland. This
may be because ECEC usually starts at the age of 18 months at the ear-
liest in Iceland, although an earlier start is often offered to children with
a delay in their development (Multicultural Information Centre 2022).

Our expectation that the association of an early start with literacy
scores would be visible in all countries with high-quality childcare was
partially met (H1a). Starting ECEC at two or three years old was associ-
ated with higher literacy scores compared to starting below the age of one
and above the age of four. Furthermore, we expected that the positive
association between an early start and literacy scores would depend on
the specific country arrangements regarding ECEC and family policies.
We assumed that the positive relationship was highest in Denmark and
Sweden and would be weakest in Finland and Norway (H1b). A direct
comparison of country differences does not fully clarify the matter.
However, we compared the enrollment age with the highest literacy
score, which, as noted earlier, varies by country, to those in the last start-
ing age category with the lowest literacy score; the difference between
these groups is 0.12 SD in Denmark, 0.12 SD in Finland, 0.16 SD in
Iceland, 0.05 SD in Norway and 0.19 SD in Sweden (calculated from
the ESCS-adjusted model in Table A2).
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Figure 2. Literacy scores of high and low ESCS children by starting age in ECEC. Predic-
tion from the OLS models with demographic controls, multiply imputed data, school-
fixed effects, and a 95% Cl.

The differences by ECEC starting age seem the largest in Sweden, but the
difference is at the same level in Denmark as in Finland. In Iceland, the differ-
ence is the second largest between our countries. Some countries show the
highest positive scores for children aged two and three (e.g. Denmark,
Sweden, and Iceland), while in other countries, the major difference is
between starting below and above the age of four (e.g. Finland and Norway).

The previous analysis that considers the overall association of ECEC
enrollment and literacy score is problematic as the family background
precedes the ECEC starting age and is strongly linked to academic
achievement. Because of this, in the second part of our analyses, we
looked for the presence of heterogeneous effects: is it possible that the
association of an early ECEC start with literacy scores is more visible
for the group of low-SES children? Figure 2 presents literacy scores for
high- and low-SES children for different ECEC starting ages. Regression
tables are in Table A3 in the appendix. Surprisingly, there are no clear
signs of compensation in literacy scores when low-SES students attend
ECEC early.

In Finland, Iceland, and Sweden, children received a somewhat
similar literacy score regardless of the starting age in ECEC in both
the high- and low-SES groups; nonetheless, the gap between the two
groups is visible and rather stable, with high-SES children scoring sub-
stantially better. In Denmark, the gap between high- and low-SES stu-
dents seems to be larger among those who started ECEC at birth to age
two compared to those who started ECEC at the age of five or later
(Figure 2). However, these differences are not statistically significant
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(Table A4). Moreover, among low-SES children in Denmark, those who
start bernehave at the age of three achieve better literacy scores than
those who start between age 0-2. The difference between ages two
and three for high-SES children is smaller, but the gap between high-
and low-SES children for a start at ages 0-2 is highest in comparison
to all other periods. This result might reflect some selection among
those early starters who are highly disadvantaged: only children from
very disadvantaged families are forced into early childcare, and they
might be a particularly selected group. Similarly, in Iceland, those
who started ECEC at the age of two achieve better literacy scores
than those who start at the age of zero to one among the low-SES chil-
dren. As we discussed previously, this might reflect that stating ECEC
before age two is more common with children with delays in their
development, especially among low-SES students.

In Norway, the gap between high- and low-SES students is highest
among those who started ECEC earlier (at one and two years old),
and it becomes comparatively smaller for the other age groups. Those
who started ECEC at 0-1 or two years of age achieve scores that are
0.36 SD better than those who started ECEC at the age of four or
later among the high-SES students. In addition, those who started
ECEC at the age of three attain scores that are 0.31 SD higher than
those who started ECEC at the age of four or later among the high-
SES students. However, these corresponding differences are only 0.15
SD (0-1 vs. four or later), 0.08 SD (two vs. four or later), and 0.08
SD (three vs. four or later) among low-SES students. The differences
between high- and low-SES students in Norway are statistically signifi-
cant (Table A4).

We run two-way interaction models between country and starting age
and three-way interaction models between country, starting age, and
ESCS category to test the statistical significance of our country compari-
son. Table A5 shows that the association between starting age and literacy
is stronger in Sweden than in Iceland and Norway. Furthermore, the
three-way interaction models show that the difference between Sweden
and Norway concerning starting age and ESCS is statistically significant.
Regarding Denmark, we can see that the association between starting age
and literacy is stronger in Denmark than in Iceland. However, the differ-
ence between Denmark and Norway in starting age and ESCS is not stat-
istically significant.

This analysis mainly contradicts our compensation hypothesis (H2a)
and is in line with the presence of the Matthew effect in Norway. In
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Finland and Sweden, the high-SES students have a better literacy score
than the low-SES students, which is independent of the age of entry
into ECEC. However, especially in Iceland and Denmark, the pro-
portion of those who started ECEC late is small when comparing
high- and low-SES groups, which weakens the precision of the
estimates.

Robustness of the results

Finally, we conducted additional analyses to evaluate the robustness of
our results. As shown in Figure 2, the confidence intervals are large,
especially for those who started early childhood education late. Table
A6 shows the number of students who started ECEC at different times
according to ESCS categories. The group sizes are especially small in
Iceland, so the results for this country should be treated with caution.

Furthermore, we conducted our analyses with all plausible values
using Stata’s Repest package (Tables A7 and A8). These results do not
differ in terms of content from our results in Tables A2 and A3. In
addition, we run the regression models replacing ESCS with a ready-
made Hisei variable, which is a component of ESCS and measures
parents’ highest occupational status. These results in Figure Al do not
differ much from our original results in Figure 2.

However, these analyses still need to be interpreted with caution due to
data limitations, including measurement of ECEC starting age and par-
ental SES. Both variables contain a subjective component: The data on
ECEC starting age obtained from students at the age of 15 may suffer
from recall bias or memory limitations, and relying on self-reported
data from students for SES may introduce measurement errors and
biases. The subjective nature of these variables may affect their accuracy
and reliability. However, based on Table 1, we do not assume that the
answers regarding ECEC starting age are completely random. Further-
more, the variable ESCS includes three components of SES that mitigate
the effect of possible measurement errors on SES.

Discussion

The initial premise of this article was based on the premise that ECEC is
beneficial for the development and educational outcomes of children,
particularly for those who are disadvantaged (Burger 2010; Reynolds
et al. 2011). However, this concept has mainly been established in
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studies with randomized trials targeting disadvantaged children, the
results of which cannot be directly generalized to universal ECEC
systems. Thus, it cannot be explicitly deducted from these types of
studies how publicly funded and universal ECEC affects both advantaged
and disadvantaged children (Baker 2011). However, the benefit of ECEC
has also been observed in universal settings, especially when looking at
shorter-run outcomes (e.g. Dearing et al. 2018; Drange and Havnes,
2018), but results considering longer-run cognitive outcomes are partly
mixed (Dumas and Lefranc 2012; Felfe et al. 2015; Havnes and
Mogstad 2015; Cornelissen and Dustmann 2019). This is one of the
few studies that looks at the association between the ECEC starting age
and long-term educational outcomes for the general population of stu-
dents while focusing on countries with universal and high-quality
ECEC. Moreover, the study is one of the rare comparative cross-
country analyses. The cross-national data allowed us to compare how
different contexts regarding ECEC are, on average, associated with poten-
tial benefits, offering a new perspective on national results.

Our primary hypothesis was that the association between an early start
in ECEC and literacy scores would be positive and lead to compensation
in literacy scores for disadvantaged low-SES children. The article devel-
ops a qualitative comparison of countries based on the description of
ECEC systems found in the literature. Based on this, we expected
Denmark and Sweden - forerunners in quality and availability of
ECEC - to be prominent among countries in this comparison.

According to the results, literacy scores of students who started ECEC
below the age of three are higher than those who started at the age of four
or above. Starting at two or three years old is also often associated with
higher scores than those starting before age one. The results, therefore,
met our assumptions only partially, as the relationship is rather non-
linear. In addition, our assumption that the association between ECEC
and literacy scores would be stronger in Denmark and Sweden than in
Finland and Norway received partial support, as the association was
strongest in Sweden and weakest in Norway; however, it was on the
same level in Denmark and Finland. Studies using data from large-
scale international assessments have been rather inconclusive about the
role of ECEC for cognitive achievement and have not found a consistent
benefit (Hogrebe and Strietholt 2016; Strietholt et al. 2020). Our study
confirms the US-based results that Loeb et al. (2007) found regarding
participation in ECEC at the ages of two and three being the most posi-
tively associated with literacy, which casts some doubt on the benefits of a
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very early and very late start to ECEC, even in universalistic Nordic
systems. Nevertheless, the two countries, Sweden and Norway, do not
show a significant difference between starting at ages one to three, and
the major difference seems to be below and above the age of four. It is
important to investigate specific quality features in these countries
further to achieve a better understanding of the relationship of ECEC
with a plethora of outcomes for younger and older children.

Because the examination of the average association may mask the
differences between children from different backgrounds, we next exam-
ined the ECEC associations for literacy scores in the high- and low-SES
quintiles. Contrary to our assumptions and previous research (Dumas
and Lefranc 2012; Felfe et al. 2015; Datta-Gupta and Simonsen 2016;
Diammrich and Esping-Andersen, 2017; Dearing et al. 2018; Drange
and Havnes 2018), we did not find that ECEC would compensate for
low SES in children’s achievement. In all the countries, the gap
between low- and high-SES children was considerable and relatively
stable, suggesting that the association of ECEC with literacy scores is
mainly driven by family background. This is particularly apparent in
the case of Finland and Sweden. In contrast, the Matthew effect in
achievement - high-SES children accumulate advantage due to ECEC -
was observed in Norway, where the literacy scores of children from
affluent families seem more associated with an early ECEC start than dis-
advantaged children.

This could mean that the gene-environment interaction, as well as the
careful selection of ECEC institutions that are usually found in high-SES
families, might be driving these gaps even in systems with high-quality
universal education. Conforming to this argument, literature shows
that in Norway, for example, there is segregation as regards participation
in ECEC, with high-SES children participating in ECEC of a higher
quality (Drange and Telle 2020). This lends credence to the interpretation
that the Mathew effect observed in our data for Norway may also be due
to selection. As an alternative explanation to the previous one, we allow
for the possibility that SES differences are higher for earlier starting ages
because selection patterns by family background may be stronger in these
age groups than in older children. Furthermore, given the substantial
time gap between entry into ECEC and PISA tests, it is likely that gaps
are maintained throughout primary and secondary school: high-SES chil-
dren are more likely to enter more prestigious primary and secondary
schools, which can further contribute to and maintain the advantage.
Related to this, high-SES students may rely on compensatory advantage
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mechanisms: high-SES parents can compensate for the low cognitive
achievement of their children throughout their schooling by neutralizing
any potential early gaps (Bernardi 2014; Heiskala et al. 2021). Therefore,
the difference in the findings between our study and those looking at cog-
nitive achievement at an early age - which find compensation among
low-SES children due to preschool — might be due to ECEC’s potential
compensatory benefits diminishing after elementary school. For instance,
previous studies in Norway looking at language and math skills at the age
of three and seven (Dearing et al. 2018; Drange and Havnes 2018) have
overlooked the later years, but a recent study on Norway (Sandser
et al. 2023) on primary and secondary school children indeed shows
widening achievement gaps by parental background over time.

Overall, children from higher-SES families do better in school than
children from low-SES families (Bol et al. 2014; Chmielewski 2019). Fur-
thermore, a similar Matthew effect is sometimes found in cases of other
educational outcomes, even in highly egalitarian educational contexts
(regarding university education in Finland, see Heiskala et al. 2021).
However, the potential presence of the Matthew effect in the context of
ECEC is rather a new finding. Further research on other countries is
needed to illustrate its relevance in other contexts. Notably, the
Matthew effect’s presence in a country considered a forerunner in early
childhood education and with a strong universal principle of access
implies that the advantage of high-SES children may be even greater in
countries with non-universal systems. The findings indicate that even
when the same rights are provided to all children, low-SES children do
not necessarily become less vulnerable. Although these findings require
some caution due to the correlational nature of our study, this article pro-
vides some indications that even if all children benefit from the provision
of high-quality ECEC, this provision does not prevent advantaged
families from benefiting the most from those services and securing the
best early education for their children.

The results observed in this article may partly emerge from selection
issues from unobserved variables. As mentioned previously, this analysis
accounts for a limited range of controls, while, over time, the SES status is
assumed to be invariant. These are strong assumptions that could affect
the size of the disparities observed. Possible unobserved factors could
include, for example, parenting practices or child characteristics that cor-
relate with literacy and ECEC starting age, such as developmental dis-
orders or non-cognitive characteristics of children.
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Finally, the evidence we provide suggests that, in most countries
belonging to the Nordic education model, an early start in good quality
education - particularly at the ages of two or three — may be related to
higher cognitive achievements. However, it is not necessarily a panacea
for leveraging the differences between children from different family
backgrounds. In this light, public effort needs to be of a broad spectrum
to provide an equal educational trajectory for disadvantaged children and
would need to include policies that go beyond preschool attendance.
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