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Abstract 
Background: We investigated whether child’s participation in early child-
hood education and care (ECEC) is associated with later cognitive learning 
outcomes at 15 years of age in Finland. Methods: The Finnish PISA 2015 da-
ta (N = 4634) was used. Learning outcomes in science, reading, mathematics, 
and collaborative problem-solving were evaluated with computer-based tests 
in 2015. Participation in ECEC and parental SES were assessed with ques-
tionnaires. Results: In any learning outcome, students who had only partici-
pated in preschool at 6 years of age did not differ from students who had 
started in ECEC at any other age between 1 - 5 years. Additionally, at a trend 
level, participation in ECEC before preschool had more beneficial effects on 
learning outcomes among students with high parental SES than low parental 
SES. Conclusions: ECEC before preschool is not associated with learning 
outcomes at 15 years of age in Finland. ECEC may not have compensatory 
effects for children coming from socioeconomically disadvantaged families in 
Finland. In the future, it is necessary to further investigate which factors 
might diminish the inequality in learning outcomes between children coming 
from different family background. In particular, more research is needed 
about the influence of both societal factors (e.g. integration of immigration 
families, psychosocial family environment, gender-specific factors) and child- 
care related factors (e.g. special education; individually tailored day care pro-
grams for high-risk children). 
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1. Introduction 

In the PISA 2003, 2006, and 2009 tests, Finland was ranked among the best 
countries in all cognitive learning outcomes (Organisation for Economic Co- 
operation and Development, OECD, 2004, 2006, 2010). This was called even as 
“the Finnish miracle of PISA” (e.g. Simola, 2005). However, the most recent 
PISA findings raised severe concerns by demonstrating that the learning out-
comes of the Finnish students have declined, particularly in mathematics 
(OECD, 2016). Moreover, the variance in the learning outcomes has substantial-
ly increased in Finland (OECD, 2016). Especially, the role of socioeconomic 
family background for learning outcomes has increased in Finland, so that stu-
dents coming from low-SES families have on average lower skills in mathemat-
ics, reading, and science than previously (OECD, 2016). This is especially re-
markable since one fundamental goal of the Finnish comprehensive school is to 
provide equal possibilities for school success for all students, regardless of their 
family backgrounds (e.g. Jakku-Sihvonen & Kuusela, 2002). 

Subsequently, in Finland, the recent PISA findings have stimulated an intense 
societal debate about how to increase the equality in school outcomes and to re-
duce the influence of family background on school achievements. Especially, the 
role of early childhood education and care has been discussed. Specifically, early 
childhood education is suggested to compensate the scarce resources at home 
among children coming from socioeconomically disadvantaged families (Salmi, 
2012). Further, it has even been proposed that the possibility to receive early 
childhood education is the child’s fundamental right that cannot be denied from 
the child (Rantalaiho, 2009; Repo, 2010) and that early childhood care “lays the 
foundation for success in later life” (Määttä & Uusiautti, 2012). Hence, there has 
been a demand that a larger percentage of children should be provided with ear-
ly childhood education and care in the first years of life, based on the argument 
that this could increase equality in later school achievements (e.g. Hiilamo et al., 
2018; Salmi, 2012). Following this societal debate, the Finnish government has 
decided to enhance children’s participation rate in early childhood education 
and care (Ministry of Education and Culture, 2016). Such extensive economic 
investments, however, should be firmly based on evidence. Currently, evidence 
is largely anecdotal on whether participation in early childhood education and 
care predicts higher school achievements in Finland. 

Currently, evidence suggests that participation in early childhood education 
and care is related to better cognitive achievements in early childhood. For ex-
ample, it has been found that exposure to early childhood education and care 
predicts better cognitive performance at 3 years of age (Burchinal et al., 2000), 
higher language performance at 4.5 years of age (NICHD, 2002a), and better 
skills in reading and mathematics at school entry (Magnuson et al., 2007). 
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Moreover, more time spent in early childhood education is suggested to be re-
lated to better memory in the first school years (NICHD, 2005) and higher cog-
nitive abilities at 8 years of age (Broberg et al., 1997). Taken together, there is 
evidence that participation in early childhood education and care is related to 
better cognitive performance in short-term outcomes, i.e. in such cognitive tests 
that mostly measure those skills that are practiced in early childhood education. 

Instead, evidence is highly scarce and contradictory whether early childhood 
education and care predicts later school achievements after the first school years, 
such as school grades in the comprehensive school or high school or educational 
level in adulthood (Karhula, Erola, & Kilpi-Jakonen, 2017; Kosonen & Huttunen, 
2018). Overall, in order to support evidence-based political decisions about edu-
cation, more research is needed about the effects of early childhood education 
and care on school achievements after the first school years. 

The school system in Finland is practically identical to other Nordic countries 
and to several other European countries. Specifically, early childhood education 
takes place during the first 6 years of life. The comprehensive school begins at 
the age of 7 years and includes the 9 following years. Moreover, the same curri-
culum is provided for the whole age cohort throughout the comprehensive 
school. Further, there are several reasons why Finland is a particularly optimal 
country to investigate the influence of early childhood education on children’s 
later learning outcomes. Firstly, there exist uniform legislative guidelines for the 
pedagogical and learning goals and the maximum sizes of child groups in all day 
care centers in Finland (Early Childhood Education (ECE) Legislation, 1973). 
Hence, the quality of early childhood education is very high and homogeneous 
over the country. Secondly, there exist academic-level educational programs for 
both kindergarten and school teachers, ensuring that the level of expertise is 
highly similar between single teachers. Thirdly, the number of private schools is 
very low, so that almost all children participate the municipal schools with the 
same curriculum. Finally, Finland is often considered as a model country due to 
its high rankings in school evaluations like Pisa. Hence, many European, Amer-
ican and Asian countries are looking to Finland for ideas in developing their 
own school systems. For this reason, it is of utmost importance that any failures 
or problems in the Finnish school system are revealed before such model-taking 
goes any further. 

The aim of the present study was to investigate the link of early childhood 
education and care with cognitive achievements at 15 years of age in Finland. 
Firstly, we investigated whether participation in early childhood education and 
care is linked with cognitive learning outcomes in the PISA 2015 test (i.e. read-
ing literacy, mathematical literacy, scientific literacy, and collaborative prob-
lem-solving). Secondly, we investigated whether the link of early childhood 
education and care with cognitive learning outcomes might be modified by pa-
rental socioeconomic status. That is, we examined whether participation in early 
childhood education and care might increase the equality in the learning out-
comes between students coming from different socioeconomic family back-
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grounds. We used the PISA 2015 data (N = 4634) since it includes a nationally 
representative sample of the Finnish 15-year-old students born in 2000 and also 
a highly standardized set of cognitive learning outcomes. The data was analyzed 
using structural equation models. We hypothesized that students who had parti-
cipated in early childhood education and care (before 6 years of age) would have 
better cognitive learning outcomes at 15 years of age, when compared to stu-
dents who have only participated preschool at 6 years of age. Additionally, we 
hypothesized that early childhood education and care might have particularly 
positive effects on learning outcomes in children coming from lower socioeco-
nomic family backgrounds. 

2. Material and Methods 
2.1. Participants 

The participants were selected from the Finnish PISA (Programme for Interna-
tional Student Assessment) 2015 data. The sampling was conducted in two 
phases. Firstly, more than 150 national schools that included students within the 
desired age range were selected (students who were aged between 15 years and 3 
months and 16 years and 2 months, and who were at grade 7 or higher). In Fin-
land, this desired target population included 58,955 students (from more than 
150 schools). In Finland, this desired target population included 58,955 students 
(from more than 150 schools). This desired target population was representative 
of the Finnish population of 15-year-old students with regard to the most im-
portant sociodemographic factors. From this target population, some schools 
were excluded in accordance with the following criteria: schools that were geo-
graphically inaccessible; schools that provided education only for a restricted 
population, such as schools for the blind; and schools where the administration 
of the PISA assessment was not considered feasible because of practical reasons. 
In Finland, altogether 472 students were excluded because they were attending 
such schools that were eventually excluded. Overall, this may not likely have 
substantially biased the representativeness of the sample. Specifically, students 
who have attended schools for a restricted population (such as blind) may not 
likely have participated in ordinary early childhood education. Furthermore, in 
such school districts that were geographically inaccessible for PISA (e.g. some 
remote towns in the Lapland), there may not likely have been available ordinary 
possibilities for participating in early childhood education. 

Secondly, from each included school, 42 students within the desired age range 
were randomly selected. From the selected students, students with an intellectual 
or functional disability and students with limited assessment language profi-
ciency were excluded. In Finland, 124 students were excluded because of such 
personal reasons. 

Finally, after this selection process, altogether 5882 Finnish students partici-
pated in the PISA 2015. In Finland, 0.5% of the sample were at the 7th grade, 
13.6% at the 8th grade, 85.7% at the 9th grade, and 0.2% at the 11th grade. A 
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more detailed description of the sampling and design of the PISA 2015 is availa-
ble elsewhere (OECD, 2017a). 

This study was carried out in line with the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki) that provides ethical guidelines for re-
search involving human subjects (see World Medical Association, 2001). 

From the Finnish PISA sample of 5882 students, we excluded all such partici-
pants who had missing data on the study variables (early childhood education 
and care; scientific literacy; mathematical literacy, reading literacy; collaborative 
problem-solving; age; gender; the index of economic, social, and cultural status). 
Additionally, students who had not received early childhood education or at-
tended preschool at all (N = 82) and students whose parents could not remem-
ber their child’s starting age at early childhood education (N = 848) were ex-
cluded from the study sample. Consequently, the final sample in the present 
study consisted of 4634 students. 

2.2. Measures 
2.2.1. Early Childhood Education and Care 
Students’ participation in early childhood education and care (ISCED = 0 in ac-
cord with the International Standard Classification of Education 1997) was as-
sessed with questionnaires filled by students’ parents. Parents were asked about 
1) their child’s age at entry into early childhood education and care (in years) 
and 2) the duration of early childhood education and care (in years). In this 
study, students were classified into 3 categories with regard to their participation 
in early childhood education and care: 1) preschool at 6 years of age only, 2) 
preschool at 6 years of age and early childhood education started at 3 - 5 years of 
age, and 3) preschool at 6 years of age and early childhood care started before 3 
years of age. The cut-off age of 3 years has been used also previously (e.g. Mol et 
al., 2008; Snow et al., 2007). 

In Finland, children begin the one-year-long preschool at the age of 6 years. 
Preschool is compulsory for the Finnish children. The comprehensive school 
(including the first 9 school years) starts at the age of 7 years. There is the same 
curriculum for the whole age cohort in the Finnish comprehensive school. In 
Finland, kindergarten teachers are educated in university faculties, and there 
must be at least one certified kindergarten teacher in each child group in 
day-care centers (Early Childhood Education Legislation, 1973/36). Further, 
there are allowed to be at most 12 children below 3 years in a child group (max 4 
children per caretaker) and at most 24 children aged 3 - 6-years in a child group 
(max 8 children per caretaker) in the day-care centers. There are also legal 
guidelines for room temperature, the noise level of electrical devices, and peda-
gogical and learning goals in day-care centers. A more detailed description of the 
Finnish legislation of early childhood education and care is available elsewhere 
(Early Childhood Education Legislation, 1973/36). 

2.2.2. Cognitive Learning Outcomes 
There were altogether about 810 minutes of test items for science, reading, ma-
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thematics, and collaborative problem solving. The students completed different 
combinations of the test items. Each student conducted a 2-hour test pattern 
consisting of four 30-minute clusters: 2 clusters with scientific literacy and the 
remaining clusters with reading literacy, mathematical literacy, and collaborative 
problem solving. All the items were conducted using computer-based tests. 
Each item was answered using one of the following response formats: multiple 
choice-response (choosing one or more alternatives from a set of responses), 
closed constructed-response (e.g. writing a single number or word), or open 
constructed-response (a more extended written response). The measurement of 
the cognitive learning outcomes is described more precisely elsewhere (OECD, 
2017b). 

Scientific literacy measured student’s knowledge in the major fields of biology, 
physics, chemistry, and space sciences. Further, it measured student’s ability to 
identify certain scientific concepts (e.g. dependent and independent variable, 
control variable, measurement error) and to differentiate between scientific hy-
potheses, observations, and facts. 

Mathematical literacy was defined as the ability to formulate the contextua-
lized problems into a mathematical form, perform computations, and interpret 
mathematical results in a variety of contexts. The items included, for example, 
mental calculation, spatial visualization, and modeling mathematical change and 
relationships with appropriate mathematical functions. 

Reading literacy referred to student’s capacity to understand, interpret, inte-
grate, and reflect the content of a variety of text types. The text types included 
continuous texts (chapters, books), non-continuous text materials (lists, tables, 
graphs, advertisements, indexes), and their combinations. The texts were related 
to personal, occupational, educational, and public contexts in order to evaluate 
the student’s ability to process texts in variety of every-day situations. 

Collaborative problem-solving referred to the ability to formulate shared un-
derstanding about a problem with others, and to collaborate with others to solve 
the problem so that each group member’s knowledge could be utilized. The 
items of collaborative problem-solving did not measure students’ ability to solve 
problems per se, but the ability to collaborate with others (Shaw & Child, 2017). 
In the PISA 2015, collaborative problem-solving was measured with comput-
er-based items, where each student was collaborating with computer agents. 

A more detailed description of the assessment of mathematical literacy, scien-
tific literacy, reading literacy, and collaborative problem-solving is available 
elsewhere (OECD, 2017b). 

2.2.3. The Index of Economic, Social, and Cultural Status (ESCS) 
Parental socioeconomic status was evaluated with the index of economic, social, 
and cultural status (ESCS). The index of ESCS was measured with questionnaires 
filled by students. The index of ESCS consisted of three factors: 1) highest pa-
rental education, 2) highest parental occupation, and 3) family wealth. Parental 
education was classified into 7 categories ranging from 0 (no education) to 6 
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(theoretically oriented tertiary and post-graduate) in accord with the Interna-
tional Standard Classification of Education (ISCED) 1997 (OECD, 1999). Paren-
tal occupation was classified on the basis of the International Standard Classifi-
cation of Occupations (ISCO-08). Family wealth was evaluated with 19 house-
hold items measuring, for example, the availability of books, electronic device, 
works of art, and room space at home environment. The index of ESCS was 
scaled so that the score of an average OECD student was 0 and the standard 
deviation across the OECD countries was 1. The statistical estimation of the in-
dex of ESCS is described more precisely elsewhere (OECD, 2017a). 

2.3. Statistical Analyses 

The data were analyzed using generalized structural equation models. The mod-
els were conducted using generalized SEM in STATA SE version 13.0. We con-
ducted separate structural equation models for each cognitive learning outcome 
(i.e. scientific literacy, mathematical literacy, reading literacy, and collaborative 
problem-solving). Students’ performance in each cognitive learning outcome 
was treated as latent factor with 10 plausible values, which were based on Rasch 
Model, as indicator (manifest) variables. The estimation of the plausible values is 
described more precisely elsewhere (OECD, 2017a). 

In models 1, we predicted each cognitive learning outcome by the categorized 
variable of early childhood education and care (1 = preschool at 6 years of age 
only; 2 = preschool at 6 years of age and early childhood education started be-
tween 3 - 5 years of age; 3 = preschool at 6 years of age and early childhood care 
started before 3 years of age). The models were adjusted for age, gender, and the 
index of ESCS. In models 2, we investigated whether the association of early 
childhood education and care with cognitive learning outcomes might be mod-
ified by parental socioeconomic status (the index of ESCS). That is, in models 2, 
the index of ESCS and its interaction with 3-class variable of early childhood 
education and care were added to the model. Age and gender were controlled 
for. 

As additional analyses, we predicted each cognitive learning outcome by the 
continuous variable of starting age at early childhood education and care (rang-
ing from 1 to 6 years of age). Child’s starting age at entry into early childhood 
education and care was treated as a categorical variable because the association 
of child’s age at entry in early education with later outcomes was not hypothe-
sized to be linear. The models were adjusted for age, gender, and the index of 
ESCS. 

In all the models, the variables of early childhood education and care, age, 
gender, and the index of ESCS were treated as observed variables.  

3. Results 

Descriptive statistics of the study variables are shown in Table 1. The study 
sample included 2365 (51%) female and 2269 (49%) male students. Parental  
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Table 1. Means, frequencies, standard deviations, and ranges of the study variables. 

 
Mean/Frequency 

(%) 
SD Range 

Age 15.73 0.28 15.25; 16.25 

Gender    

Female 2365 (51.0)   

Male 2269 (49.0)   

Parental socioeconomic status 0.29 0.73 −2.91; 2.91 

Early childhood education and care    

Preschool at 6 years of age 852 (18.4)   

Preschool at 6 years of age and early childhood 
education started in 3 - 5 years of age 

2883 (62.2)   

Preschool at 6 years of age and early childhood 
education and care started before 3 years of age 

899 (19.4)   

Starting age at early childhood education and care 3.91 1.49 1; 6 

Scientific literacy1 538.19 88.72 249.75; 793.90 

Mathematical literacy1 518.02 72.69 201.87; 732.42 

Reading literacy1 535.66 83.10 179.26; 749.70 

Collaborative problem-solving1 541.20 86.96 228.68; 810.05 

1The mean of the plausible values 1 - 10. 
 
socioeconomic status (the index of ESCS) was scaled so that the score of an av-
erage OECD student was 0 and the standard deviation across the OECD coun-
tries was 1. In our sample, the index of ESCS was on average 0.29, i.e. slightly 
higher than the average of the OECD countries. Regarding early childhood edu-
cation, the mean starting age at early childhood education was approximately 3.9 
years. Furthermore, 18.4% of the participants had been only in preschool at 6 
years of age; 62.2% had started in early childhood education at 3 - 5 years of age, 
and 19.4% of the participants had started in early childhood education before 3 
years of age. 

Table 2 presents the results of structural equation models, when predicting 
cognitive learning outcomes by the 3-class variable of early childhood education 
and care. Before Bonferroni-correction, we obtained only one significant associ-
ation. That is, students who had participated in early childhood education before 
3 years of age performed slightly better in mathematical literacy (B = 7.96, 95% 
CI = 1.49 - 14.43, p = 0.016), when compared to participants who had only par-
ticipated in preschool at 6 years of age (see Table 2). After Bonferroni-correction, 
however, this association was non-significant. In any other cognitive learning 
outcome (i.e. scientific literacy, reading literacy, or collaborative problem-solving), 
students who had only participated in preschool at 6 years of age did not differ 
from 1) students who had participated in preschool at 6 years of age and started 
in early childhood education at 3 - 5 years of age or 2) students who had  
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Table 2. The regression coefficients (B) with 95% confidence intervals (CI) of structural equation models, when predicting cogni-
tive learning outcomes by participation in early childhood education and care (categorical variable). 

 Cognitive learning outcomes 

 Scientific literacy Mathematical literacy Reading literacy 
Collaborative  

problem−solving 

 B 95% CI B 95% CI B 95% CI B 95% CI 

Age 14.58** 6.01; 23.14 11.07** 4.17; 17.98 15.62*** 8.08; 23.16 16.79*** 8.47; 25.10 

Gender1 −15.45*** −20.33; −10.58 −−3.05 −6.98; 0.88 −41.42*** −45.73; −37.10 −45.71*** −50.49; −40.93 

Index of ESCS 38.56*** 35.20; 41.92 35.12*** 32.39; 37.86 34.63*** 31.66; 37.60 29.87*** 26.60; 33.15 

Early childhood education and 
care 

        

Preschool at 6 years of age2 − − − − − − − - 

Preschool at 6 years of age and 
early childhood education 
started in 3 - 5 years of age 

−3.91 −10.41; 2.59 0.86 −4.38; 6.10 −3.54 −9.26; 2.19 −2.60 −8.90; 3.71 

Preschool at 6 years of age and 
early childhood care started 

before 3 years of age 
3.81 −4.21; 11.84 7.96* 1.49; 14.43 4.45 −2.62; 11.51 2.36 −5.43; 10.15 

***p < 0.001, **p < 0.01, *p < 0.05. 1Girls as the reference group. 2The reference group. N = 4634. 

 
participated in preschool at 6 years of age and started in early childhood care 
before 3 years of age. These associations were controlled for age, gender, and the 
index of ESCS. 

Table 3 shows the results of structural equation models, when investigating 
the modifying effect of the index of ESCS on the association of early childhood 
education and care with cognitive learning outcomes. We found that when pre-
dicting students’ performance in scientific literacy, there was a significant posi-
tive interaction effect between the index of ESCS and early childhood education 
and care (B = 11.29, p = 0.047). However, this association was non-significant 
after Bonferroni-correction. In any other cognitive learning outcome, we did not 
obtain any significant modifying effect of the index of ESCS on the association of 
early childhood education and care with any cognitive learning outcome. Over-
all, at a trend level, the findings suggested that participation in early education 
and care before preschool (6 years of age) appeared to be more beneficial for 
cognitive learning outcomes at 15 years of age among students with higher than 
lower index of ESCS (i.e. parental SES). This is illustrated in Figures 1-4. 

As additional analyses, we investigated whether the unclassified variable of 
child’s starting age at early childhood education and care might be linked with 
cognitive learning outcomes. The results are shown in Table A1. It was found 
that students who had started in early childhood care at 2 years of age performed 
slightly better in mathematical literacy at 15 years of age, when compared to par-
ticipants who had only participated in preschool at 6 years of age (B = 8.48, p = 
0.015). Additionally, students who had started in early childhood education at 5 
years of age had slightly weaker performance in reading literacy, when compared 
to students who had only participated in preschool (B = −8.62, p = 0.014).  
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Table 3. The regression coefficients (B) with 95% confidence intervals (CI) of structural equation models, when predicting cogni-
tive learning outcomes by participation in early childhood education and care and the index of ESCS. 

 Cognitive learning outcomes 

 Scientific literacy Mathematical literacy Reading literacy 
Collaborative  

problem-solving 
 B 95% CI B 95% CI B 95% CI B 95% CI 

Age 14.73** 6.17; 23.30 11.15** 4.24; 18.05 15.72*** 8.17; 23.26 16.80*** 8.48; 25.11 

Gender1 −15.45*** −20.32; −10.57 −3.01* −6.94; 0.92 −41.43*** −45.75; −37.11 −45.68*** −50.46; −40.90 
Early childhood education  

and care 
        

Preschool at 6 years of age2 − − − − − − − − 

Preschool at 6 years of age 
and early childhood education 

started in 3 - 5 years of age 
−4.05 −10.65; 2.55 1.13 −4.19; 6.45 −3.75 −9.56; 2.06 −2.34 −8.74; 4.07 

Preschool at 6 years of age 
and early childhood care 

started before 3 years of age 
0.32 −8.43; 9.06 4.60 −2.45; 11.65 3.07 −4.63; 10.77 0.85 −7.64; 9.34 

Index of ESCS 34.10*** 26.28; 41.92 33.18*** 26.87; 39.50 31.94*** 25.05; 38.84 29.78*** 22.18; 37.38 

Index of ESCS*Early childhood 
education and care 

        

Index of ESCS*Preschool  
at 6 years of age2 

− − − − − − − − 

Index of ESCS*Preschool at 
6 years of age and early 

childhood education  
started in 3 - 5 years of age 

3.85 −5.01; 12.71 0.57 −6.57; 7.72 2.75 −5.05; 10.55 −0.78 −9.38; 7.82 

Index of ESCS*Preschool at 
6 years of age and early 
childhood care started  
before 3 years of age 

11.29* 0.15; 22.44 8.89 −0.093; 17.88 5.22 −4.59; 15.03 3.35 −7.47; 14.16 

***p < 0.001, **p < 0.01, *p < 0.05. aThe reference group. N = 4634. 1Girls as the reference group. 2The reference group. 
 

 
Figure 1. Predicted means with 95% confidence intervals of students’ performance in 
mathematical literacy at different levels of the index of ESCS and separately for students 
with different exposure to early childhood education and care. Note: we used the mean of 
the plausible values 1 - 10 of cognitive learning outcomes in this Figure. 
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Figure 2. Predicted means with 95% confidence intervals of students’ performance in 
reading literacy at different levels of the index of ESCS and separately for students with 
different exposure to early childhood education and care. Note: we used the mean of the 
plausible values 1 - 10 of cognitive learning outcomes in this Figure. 

 

 
Figure 3. Predicted means with 95% confidence intervals of students’ performance in 
scientific literacy at different levels of the index of ESCS and separately for students with 
different exposure to early childhood education and care. Note: we used the mean of the 
plausible values 1 - 10 of cognitive learning outcomes in this Figure. 

 
After Bonferroni-correction, these associations was non-significant. Taken to-
gether, after Bonferroni-correction, students who had only participated in pre-
school at 6 years of age did not differ in any cognitive learning outcome from 
students who had started in early childhood education and care at any other age 
between 1 - 5 years. 

4. Discussion 

The present study investigated the association of early childhood education and 
care with cognitive learning outcomes at 15 years of age in Finland. In any cog-
nitive learning outcome (i.e. scientific literacy, reading literacy, or collaborative  
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Figure 4. Predicted means with 95% confidence intervals of students’ performance in 
collaborative problem solving at different levels of the index of ESCS and separately for 
students with different exposure to early childhood education and care. Note: we used the 
mean of the plausible values 1 - 10 of cognitive learning outcomes in this Figure. 

 
problem-solving), students who had only participated in preschool at 6 years of 
age did not differ from 1) students who had participated in preschool at 6 years 
of age and started in early childhood education at 3 - 5 years of age or 2) stu-
dents who had participated in preschool at 6 years of age and started in early 
childhood care before 3 years of age. Consequently, early childhood education 
and care was not associated with cognitive learning outcomes at 15 years of age. 
All these associations were controlled for age, gender, and the index of ESCS (i.e. 
parental socioeconomic status). Secondly, we treated child’s starting age in early 
childhood education and careas unclassified variable. It was found that students 
who had started in early childhood education and care at 6 years of age (pre-
school) did not differ in any cognitive learning outcome from students who had 
started in early childhood education and care at any other age between 1 - 5 
years. Additionally, at a trend level, we found that participation in early child-
hood education and care before preschool (6 years of age) appeared to be more 
beneficial for cognitive learning outcomes at 15 years of age among students 
with high parental SES than low parental SES. Hence, participation in early 
childhood education and care before preschool did not increase the equality in 
the learning outcomes between students coming from different socioeconomic 
family backgrounds. 

Previous studies have indicated that the beneficial effects of early childhood 
education on cognitive achievements may be mostly temporary. For example, 
there is evidence that participation in early childhood care is not linked to 
reading or math skills after 1 year from the end of early childhood education 
(Votruba-Drzal et al., 2008), cognitive achievements at the age of 7 - 8 years 
(Han et al., 2001) or 11 years (Esping-Andersen et al., 2012), or behavioral ad-
justment at 6th grade (Colwell et al., 2001). In line with these findings, we found 
that participation in early childhood education and care before preschool (i.e. 
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before 6 years of age) was not related to cognitive learning outcomes at 15 years 
of age. Consequently, it may be that participation in early childhood education 
increases the child’s school readiness or ability to perform in testing conditions, 
rather than the child’s cognitive abilities per se. For example, early childhood 
care is found to predict higher adjustment to school routines (Andersson, 1996), 
higher level of communicational skills (Connell & Prinz, 2002), and better 
self-control in class environment (Berlinski et al., 2009). Taken together, early 
childhood education and care may improve the child’s adaptation to the class-
room environment and, in that way, improve the child’s learning achievements 
during the first school years, but not cognitive performance in later years. This 
study showed that participation in early childhood education and care was not 
linked with cognitive learning outcomes at 15 years of age in Finland. 

Our findings suggest that early childhood education and care before preschool 
(i.e. before 6 years of age) may not increase equality in cognitive learning out-
comes between students coming from different socioeconomic backgrounds. In-
stead, contrary to previous suggestions (e.g. Lundqvist, 2007), the effect of early 
childhood education and care on cognitive learning outcomes appeared to be 
slightly more beneficial among students with high parental SES than low paren-
tal SES. Overall, this indicates that such an early childhood education and care, 
which is provided for the whole age group and which follows the same curricu-
lum, may not increase equality in the later school achievements in Finland. In-
stead, it may benefit children differentially, depending on their family back-
ground and the skills that have been achieved at home and may increase child’s 
adaptability to the early childhood care environment. 

This is in line with several previous studies indicating that early childhood 
care may fail to deliver any compensatory effects on cognitive or socioemotional 
development among children coming from high-risk families (e.g. Ceci & Pa-
pierno, 2005; NICHD, 2002b, 2005). Some studies, nevertheless, have suggested 
that child care might have more positive effects on cognitive outcomes among 
children with disadvantaged family backgrounds (e.g. Geoffroy et al., 2007; 
Melhuish et al., 2008; Peisner-Feinberg et al., 2001). Overall, it seems that pa-
rental SES may differentially modify the effect of early childhood care on child’s 
cognitive achievements across different countries. 

In other countries than Finland, the association of low family SES with child’s 
poorer cognitive development is found to proceed via a range of pathways. For 
example, it has been found that children with economically disadvantaged back-
grounds have fewer learning and recreational materials available (Bradley & 
Corwyn, 2002). Moreover, they are more likely to have inadequate access to 
health care services in childhood (Bradley & Corwyn, 2002; Bradley & White-
side-Mansell, 1997; Guo & Harris, 2000; Scholer et al., 1999), and also their 
mothers have weaker availability of maternity care during pregnancy (Crooks, 
1995). Finally, there is evidence that socioeconomic risk factors are linked to a 
lower level of hygiene, impaired immune system functioning, and poorer resis-
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tance against infections (Korenman & Miller, 1997; McEwen & Seeman, 1999; 
US Department of Health & Human Services, 2000). In Finland, however, most 
of these pathways from low parental SES to child development may not likely 
exist. That is, all the Finnish children have the access to the full range of public 
health care services, and the general level of hygiene is high (e.g. WHO, 2010). 
Moreover, maternity care is free and used by almost the entire population of 
Finnish pregnant women, regardless of socioeconomic factors (Official Statistics 
of Finland, 2017). Additionally, there are libraries and a variety of hobby clubs 
that are particularly targeted for children coming from socioeconomically dis-
advantaged families. 

In the present study, we found that at a trend level, participation in early 
childhood education and care before 6 years of age seemed to have slightly more 
beneficial effects on cognitive learning outcomes at 15 years of age among stu-
dents with high parental SES than low parental SES. Previously, it has been 
stated that a range of socioemotional qualities are required from the child to 
adapt to the early childhood care environment (e.g. Datler et al., 2012). Such 
qualities include, for example, social and self-regulation skills, ability to attach 
securely to caretakers, ability to express signs of distress and ask for emotional 
support from caregivers, and explorative interest in ongoing group activities 
(Ahnert et al., 2004; Datler et al., 2012; Howes & Smith, 1995). Among children 
with high parental SES, these qualities are likely more appropriately developed 
(e.g. Bradley & Corwyn, 2012). Hence, it may be that children coming from so-
cioeconomically favorable families have better abilities to adapt to early child-
hood education and care. 

Overall, it needs to be taken into consideration that the index of ESCS (paren-
tal SES) may include heterogeneous combinations of single socioeconomic fac-
tors. Specifically, even though parental socioeconomic factors generally are 
strongly correlated, in some cases mother’s and father’s educational level and 
occupational status may substantially differ from each other. Further, mother’s 
and father’s socioeconomic status may differentially affect the decisions about 
when to take the child into early childhood education and care. For example, 
high maternal education may likely be linked to a shorter period of maternity 
leave and, hence, child’s earlier starting age at early childhood education and 
care. 

Importantly, the role of child’s starting age of early childhood education and 
care has been largely ignored in several studies. However, the child’s age at entry 
into early childhood education and care seems to be a critical factor modifying 
the influence of early education on child’s development. There is a great amount 
of evidence that entry into early childhood care during the first years of life, es-
pecially before 3 years of age, may mitigate the positive effects of early childhood 
care on child’s development (e.g. Baydar & Brooks-Gunn, 1991; Blau & Gross-
berg, 1990; Gregg et al., 2003; Han et al., 2001; Nomaguchi et al., 2006; Ruhm, 
2004). After 3 years of age, children have increasing capacity to, for example, 
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engage in conversational interactions (e.g. Neuman, 2011), to express their expe-
riences and feelings to caretakers (Painter, 1999), to maintain secure moth-
er-child attachment despite daily separations (NICHD, 1997; Waldfogel, 2002), 
to engage in social role-playing in peer groups (Howes, 1994), and to self-regulate 
one’s behavior and consciously process rules (Dowsett & Livesey, 2000; Zelazo et 
al., 1996). Taken together, the age of 3 years is commonly regarded as a miles-
tone in child’s cognitive and socioemotional development, so that after 3 years of 
age, the child is likely to have better abilities to adapt to the early childhood 
education. In this study, however, participation in early education and care be-
fore or after 3 years of age was not related to better learning outcomes at 15 years 
of age, when compared to students who had only participated in preschool. 

In the present study, there were some methodological limitations that are ne-
cessary to take into consideration. Firstly, parental socioeconomic factors were 
evaluated retrospectively in 2015, not in participants’ childhood. However, the 
stability of the socioeconomic factors is found to be high in adulthood. Fur-
thermore, the index of parental SES consisted of occupational status, educational 
level, and family wealth, and this multi-factorial nature of the SES index was 
used in order to increase its reliability. Secondly, also participation in early 
childhood education and care was assessed retrospectively in 2015 using ques-
tionnaires filled by parents. We did not have any child care register available, so 
that we could not exclude the possibility of parents’ recall bias related to their 
child’s participation in early childhood education and care. However, some pre-
vious studies have evaluated the amount of early childhood education and care 
even more indirectly, for example, via the number of maternal employment 
months (e.g. Kosonen & Huttunen, 2018). Overall, the present study provides 
preliminary evidence about the association of early education and care with cog-
nitive learning outcomes at 15 years of age in Finland. Future studies could in-
vestigate this topic using more elaborated measures of family background and 
early childhood education and care in Finland. 

Moreover, in the PISA 2015, it was not assessed whether students had received 
full-time or part-time early childhood education or care. Previously, it has been 
demonstrated that full-time participation in non-parental care may mitigate 
several positive effects of early childhood care on child development (Nomagu-
chi et al., 2006). For example, full-day participation in child care is showed to be 
linked with lower school readiness at 3 years of age (Brooks-Gunn et al., 2002), 
attachment problems with the mother (NICHD, 1997), and higher risk for defi-
cits in immune system and externalizing behavior (Gregg et al., 2003). Conse-
quently, there is a need for future studies investigating whether full-day vs. 
half-day participation in early childhood education and care might be differen-
tially linked with child’s cognitive achievements in Finland. 

This study had also a variety of substantial strengths. Firstly, this was among 
the first studies to investigate the relationship of early childhood education and 
care with school achievements. Secondly, the PISA data includes a highly repre-
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sentative sample of the Finnish 15-years students around the country. Hence, the 
results can probably be generalized nation-widely to various districts of Finland. 
Thirdly, we had an internationally standardized set of cognitive learning out-
comes, including four most central learning domains (i.e. science, mathematics, 
reading, collaborative problem-solving). Finally, the PISA data enabled us to in-
vestigate the modifying role of family background on the association of early 
childhood education and care with cognitive learning outcomes. 

5. Conclusion 

Our findings suggested that participation in early childhood education and care 
before preschool (i.e. before 6 years of age) in 2001-2007 is not related to per-
formance in scientific literacy, mathematical literacy, reading literacy, or colla-
borative problem-solving at 15 years of age in Finland. Moreover, our results did 
not provide support for the previous suggestions that early childhood education 
or care might be more beneficial for children coming from socioeconomically 
disadvantaged families in Finland. Currently, one goal of the Finnish govern-
ment is to enhance children’s participation rate in early childhood education and 
care (Ministry of Education and Culture, 2016). The implementation of this de-
cision would require extensive economic investments and, hence, should be 
firmly based on evidence. Our findings, however, indicate that such an early 
childhood education and care, which is provided for the whole age group and 
which follows the same curriculum, has failed to promote learning outcomes at 
15 years of age and to increase equality in the later school achievements in Fin-
land. 
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Appendix 
Table A1. The regression coefficients (B) with 95% confidence intervals (CI) of structural equation models, when predicting cog-
nitive learning outcomes by the age of entry into early education and care. 

 Cognitive learning outcomes 

 Scientific literacy Mathematical literacy Reading literacy 
Collaborative  

problem-solving 

 B 95% CI B 95% CI B 95% CI B 95% CI 

Age 14.72** 6.14; 23.30 10.91** 4.11; 17.72 15.16*** 7.61; 22.71 16.61*** 6.21; 23.26 

Gender −15.24*** −20.12; −10.35 −2.98 −6.85; 0.89 −41.27*** −45.59; −36.95 −45.69*** −19.98; −10.27 

The index of ESCS 38.48*** 35.10; 41.85 34.26*** 31.56; 36.96 34.21*** 31.22; 37.19 29.72*** 34.89; 41.60 

Early education and care (ECEC)         

ECEC started at 6 years of age1 − − − − − − − − 

ECEC started at 5 years of age −3.66 −11.44; 4.12 0.89 −5.28; 7.07 −8.62* −15.46; 1.77 −4.70 −12.24; 2.86 

ECEC started at 4 years of age −7.50 −15.45; 0.44 −2.12 −8.42; 4.19 −3.60 −10.60; 3.39 −2.64 −10.36; 5.07 

ECEC started at 3 years of age −0.93 −8.67; 6.82 2.57 −3.58; 8.71 1.54 −5.27; 8.35 −0.49 −8.00; 7.02 

ECEC started at 2 years of age 4.98 −3.79; 13.75 8.48* 1.52; 15.43 5.82 −1.89; 13.54 3.98 −4.53; 12.49 

ECEC started at 1 year of age 1.31 −10.36; 12.97 5.94 −3.31; 15.20 1.71 −8.55; 11.97 −1.28 −12.61; 10.04 

*p < 0.05; **p < 0.01; ***p < 0.001. 1The reference group. N = 4634. 
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