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Abstract 
This study estimates the average multivalued treatment effects (ATET), of preschool attendance 
measured in years, on students’ international reading, math and science test z-scores in Grade 4. The 
causal treatment effects come from multiple-years observational data on three levels of preschool 
duration before entering Grade 1. Among European countries that participated in five international 
education surveys, PIRLS (2006, 2011, 2016) and TIMSS (2015, 2019), those renowned for having 
adopted early childhood education (ECE) programs starting at a young age, growing in intensity and 
improving the number of qualified child-care providers were selected. In addition to four Nordic 
countries (Denmark, Finland, Norway, Sweden), France, two Belgium jurisdictions (French, Flemish), 
and two participating Canadian provinces, Ontario and Québec, were retained. The approach exploits 
the repeated surveys and cross-national comparative international z-scores tests. The data sets 
besides their test scores provide unique information from a parent questionnaire on their education 
and occupation levels, literacy and numeracy preschool activities, on child preschool educational 
childcare span in years and two program types (for some years; before and after age 3). 
 
Four key findings can be identified from the data sets and estimations. First, there are large 
differences in the average scale score and percentiles deviation when converted into the z-score 
metric, for all categories of test scores across jurisdiction participants, and over time. Second, the 
estimates of the preschool treatment effects display rather heterogeneous impacts on z-scores with 
increasing significant and positive achievements over year surveys. Third, in general, preschool 
treatment effects are scattered in function of duration, programs types, and parental education. 
Four, results highlight stark gaps in scores related to parental education, socioeconomic statuses, and 
home learning resources for all year-samples. Evidence from a diversity of estimated gradients 
suggests established social inequalities in education achievement at ages 9-10 in Grade 4 could be 
difficult to reverse, even in cases where preschool education and care are implemented at a very 
young age in rich countries with very generous family policies. 
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1. Introduction 
 The influence of a low social class – by parental income level, or levels of education and job 
status – on children’s early development sets them far behind right from the start (García and 
Weiss, 2015). Several studies have established the early emergence of achievement gaps by 
race/ethnicity and socioeconomic status (SES) (Fryer and Levitt, 2004; Lee and Burkam, 2002; 
Princiotta and Germino-Hausken, 2006). While there is some dispute about the magnitude of 
these gaps and whether and how they can be explained by student characteristics and family 
background, there is consistent evidence that test-score gaps by race and socioeconomic status 
are already sizable at the end of kindergarten. Early skills gaps produce lasting consequences. If 
children are not ready to learn when entering Kindergarten or school, gaps are likely to persist, 
which in turn might determine positions at the top and bottom range of social classes (Garcia et 
al. 2016). 
 Young children from low-income families lag behind their higher-income peers (Waldfogel and 
Washbrook, 2011; Bradbury et al., 2012). On average, they score poorly as measured in units of a 
standard deviation testing on words, letters, shapes and numerals at ages four or five before 
entering formal school in Pre-Kindergarten or Kindergarten, and Grade 1. Bradbury, Corak, 
Waldfogel, and Washbrook (2015), expand the scope of previous analyses (2011, 2012). They 
show that significant differences in mobility-relevant skills by parental education and income are 
discernible as early as the age of five in all four countries examined: Australia, Canada, the United 
Kingdom, and the United States. These differences are generally larger in the United States and 
the United Kingdom than in Canada and Australia. The United States show the greatest cognitive 
differences by parental SES, measured by three levels of parental education. 
 Quality educational childcare (Li et al. 2020; Duncan and Sojourner, 2013), and pre-school and 
junior-kindergarten have been advocated as an effective key policy direction to close the gaps for 
most (Cascio, 2020; Phillips et al., 2017; Duncan and Magnuson, 2013; Cascio and Schanzenbach, 
2013). Yet, socioeconomic gaps in access to quality childcare and preschool education persist 
(Cascio 2021; Garcia and Weiss, 2015). 
 Moreover, research also highlights that parenting behaviors may account for around one-third 
of the income-related gaps in child development (Reeves and Howard, 2014; Crawford, 
Goodman, and Joyce, 2011). Early competent parenting (nurturing, sensitivity, secure attachment 
with clear discipline and boundaries, emotional support, and cognitive stimulation) is positively 
associated with children’s early achievement and wellbeing and successful outcomes such as 
educational achievements (Kalil and Ryan, 2020). Closing ability gaps in the first years of life and 
curbing their progression as children move through school will depend also on closing early 
parenting gaps. Bradbury et al. (2015) longitudinal careful research shows that variations in 
parenting behavior, strongly linked to the educational SES, besides resources and income, explain 
about 40 percent of income-related gaps in cognitive outcomes. Parental behaviors explain more 
of the gap between children in the upper quantile and bottom quintile than other key factors 
(maternal education, family size, and race). Because the achievement gaps between low and high 
SES children originate prior to school entry, according to the authors, addressing the gaps 
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requires interventions not only in early childhood and preschool programs, but through income 
support programs as well as evidence-based parenting programs and preschool. 
 This paper contributes to the understanding of the trade-off between the spreading of 
universal pre-K education programs and their effectiveness in closing gaps between children 
coming from different socioeconomic backgrounds (Brooks-Gunn, Markman-Pithers, and Rouse, 
2016), by presenting important new, non-experimental evidence on the efficacy of extensive 
quasi universal intervention in the early childhood years. For large representative samples of 
children, the evidence presented is suggestive on how preschool enrollment and duration 
(measured in years), before entering compulsory Grade 1, have affected their reading, math, and 
science literacy skills when tested in Grade 4. The motivating research question is to find out 
whether or not different doses of early care and education significantly influenced students’ test 
scores. The analysis of the causal impact of ‘treatment effects’ makes use of a cross-national 
comparative approach, based on a series of international school surveys (PIRLS and TIMSS) on 
students’ achievements conducted similarly in the same jurisdiction over years 2006 to 2019. 
 The paper is based on four distinctive elements. First, is the uniqueness and specific 
complementarities of information provided by students’ parents, all related with achievement: 
details on the number of years of early childhood education (ECE), parental literacy and 
numeracy activities with children in early childhood, parents’ education levels and occupation 
status. Second, countries that have introduced and developed more extensive universal 
preschool programs are selected for the empirical analysis (Nordic countries, Belgium, France) 
with the two most populous Canadian provinces (Ontario, Québec) representing more than half 
of Canada students population. All have fairly good preschool programs, and many of them with 
near-universal preschool for 3-5-year-olds. Third, these countries feature extended family 
policies: universal health insurance, income enhancing measures such as child benefits, 
substantial paid parental leave to stay at home after child birth, regulated working conditions, 
with the similar levels of quality of teaching and learning observed in schools from wealthy 
countries. Fourth, the statistical analysis adopts a multivalued treatment effects framework 
where counterfactuals are of a causal nature, taking into account early childhood education 
program intensities, having both care and instruction, and gap-closing effects. 
 The analysis makes three contributions. First, it measures the medium-term skills achievement 
of children to early preschool interventions at the end of primary school with estimated 
treatment effects. Second, the preschool treatment effects, expressed by three levels of 
preschool attendance, and in the later years surveys by programs types indicate that more is 
better for skills achievements, but intensities impact are generally rather small and very 
heterogeneous. Last, the estimations of simple but strong socioeconomic gradients (parental 
education and social economic status) related to students’ skills achievement in the three 
domains (reading, math and science) reveal a more modest role than believed for preschool 
education as the great equalizer of social inequalities in educational achievement among primary 
school children for selected jurisdictions.  
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 Section 2 discusses further the rationale for studying these questions as well as previous 
research results on this topic. Section 3 examines the multiyear data sets of the PIRLS and TIMSS 
international student achievement surveys used for estimations. Section 4 presents descriptive 
statistics of students’ test scores, student and parental characteristics, and years of preschool 
enrollment in the selected countries and benchmarking Canadian provinces. Section 5 
contextualizes the empirical strategy and describes the estimation methods. Section 6 
summarizes the treatment effects on the treated on reading (PIRLS), math and science (TIMSS), 
respectively. Section 7 describes sensitivity of results to alternative duration specifications in pre-
school for years 2015 (PIRLS), and 2016 and 2019 (TIMSS). Section 8 details average treatment 
effects by preschool program types according to the ages of children. Section 9 shows differences 
in treatment effects by parental education. Section 10 compares three estimated social status 
gradients with the preschool enrollment duration gradient. Section 11 offers explanations for 
skills returns to preschool intensity with a discussion of policy implications. Section 12 concludes 
the paper with additional findings and pathways for future research analysis on this issue. 
 
2. Overview of ECE studies 
 Early childhood education (ECE) programs, now increasingly common in most rich countries, 
can be considered as requisites for four reasons. First, they provide a steady support to families 
with young children using childcare while they are employed or engaged in other activities. The 
large increase in maternal employment over the past several decades provides large evidence for 
their role and their strong influence on labor market behaviors (see Canada in Appendix 1). 
Second, the extensive research on the education component documents the importance of 
children's early experiences for a healthy development and later leading to better school 
readiness (Joo et al. 2020). Third, small scale classic early childhood experimental interventions, 
such as the Abecederian Project, and the Perry Preschool Program (directed towards children 
living in devastating poverty and in unfavorable family background) show they may be at risk in 
school and later life. They provide strong evidence of the powerful long-term impacts on 
development of such programs (Almond and Currie, 2011; Elango et al., 2016). Because many 
skills are best learnt when young (Shonkoff and Phillips 2000), with their longer pay-off period, 
they makes such learning more productive (Garcia et al., 2016). Fourth, there may also be 
important “dynamic complementarities” of early learning with the acquisition of human capital 
at later stages (Cunha and Heckman, 2007; Heckman and Masterov, 2007; Aizer and Cunha, 
2012) and the rapid brain development that preschool children experience. Providing center-
based group childcare with some structured instruction or educational component for mother’s 
young children work hours became the explicit second goal of ECE besides care. For the child 
development public policy orientation, there are many issues such as what, when, where, who, 
how (Cascio, 2021). 
2.1 Early childcare education - American evidence 
 Based on rigorous inclusion criteria over 277 studies (out of 10,309) from 1960 to 2007 of 
programs or interventions for children starting between birth and age 5, and the most 
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comprehensive meta-analytic techniques, Li et al. (2020) estimate the separate effects of the 
starting age, program duration, and persistence of impacts on children’s cognitive1 and 
achievement2 outcomes. From studies that had to have a treatment and control/comparison 
group, their findings suggest effects enhancing out analyses that encompass: 1. effect sizes are 
larger with earlier-starting programs, those starting in infancy/toddlerhood; 2. shorter-duration 
programs produce larger end-of-treatment impacts than longer-duration ones; adding a year of 
length to a program is associated with a decrease in effect size; 3. program effects decrease as 
the time since the end of treatment increases; within a year of the end of treatment, but the 
later decline does not follow a linear manner; 4. outcomes that are more sensitive to instruction 
fade out more quickly than effects that are less sensitive to instruction; 5. programs targeting 
younger children have less fade-out impacts than those targeting older; 6. longer duration 
programs have more persistence effects than those with a shorter span. The authors conclude 
that these older interventions reflect a moderate level of effectiveness across a wide range of 
center-based programs, and stress the need for innovative intervention strategies to produce 
larger and more persistent impacts. 
2.2 Effectiveness of preschool - American evidence 
 In recognition of these benefits, new generations of larger-scale preschool programs have 
been launched but are generally targeted. For example, the U.S. long-running Head Start 
programs began in the 1970s, serving low-income 3-4-year-olds, providing comprehensive early 
childhood education, health, nutrition, and parental involvement services, before they start 
elementary school. The last stage of interventions is for pre-Kindergarten (pre-K), preparing 
kindergarten to 4 year old children considered at-risk or disadvantaged, teaching them better 
behavior and providing them with early learning. Cascio survey (2021), focusing on formal 
programs offering group instruction for children younger than the standard eligibility age for 
public education, describes how ECE programs can be convincingly evaluated and why they may 
or may not work to narrow gaps in well-being across the lifecycle. At issue, is the optimal setting 
between two approaches? One is a substitutionary care for children with absent or 
disadvantaged parents (possibly struggling, not supportive and not stimulating), targeting low 
income children as for Head Start and state-funded pre-K. The other is a more classroom-based 
preschool program improving social and developmental skills for all children. The discussion 
produced multiple pre-kindergarten approaches: from part-day specialized instruction for 
children with special needs or immigrant children (especially those from lower socio-economic 
households with limited national language proficiency); to full-time and year-long programs 
within a public school setting under the supervision of a public school administrator, free and 
completely funded. 

 
1 This means development of knowledge, skills, problem solving and dispositions, which help children to think about 
and understand the world around them. Brain development is part of cognitive development. 
2 Letter recognition is the most obvious example, and it also includes reading, math, and numeracy. Such outcomes 
are more sensitive to general preschool instruction. 
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 Studies of new generations of larger-scale targeted programs, like Head Start and pre-K, find 
positive effects on test scores at ages 5 to 10. But, also weakened impacts over the course of 
elementary school while still predicting affirmative medium-term results, such as class rank, 
grades, high-school completion, and also reducing incidence of behavioral problems, and health 
problems (Deming, 2009; Carneiro and Ginja, 2014). Studies with stringent standards of high 
quality (designs with pre- and post-program, randomly assigned children to a treatment or a 
control group) on the emerging models of universal ECE, targeted at all children, in particular pre-
K, present mixed evidence on their effectiveness, with effects ranging from negative to positive, 
with a “fade-out” impact over school grade progression (Duncan and Magnusen, 2013; 
Whitehurst, 2018a, 2018b). Despite the “fadeout” effects of test score gains between groups of 
treated and control children, as they progress through primary school, state financed universal 
pre-K raises test scores, and improves other markers of school readiness that may be critical for 
generating long-term impacts (Cascio and Schanzenbach, 2013, 2016; Cascio, 2020, 2015). 
 Conditional on high-quality universal early education, with extended access for a large mix of 
low- and higher-income children, estimates of competence in early literacy and mathematics 
skills have tended to be larger for children from lower-income households or of a racial/ethnic 
minority. More advantaged children have also shown significant short-term positive cognitive 
effects (Casio, 2020; Fitzpatrick, Grissmer, and Hastedt, 2011). Program access - universal, 
targeted, or voluntary - with attributes such as quality teachers (those who have warmer, more 
positive interactions with student) and presence of higher-income children in the classroom yield 
different short-term positive achievement effects (Casio 2020; Lipsey, Farran, and Durkin 2018). 
Lipsey et al. (2018) report results where differences between treatment and control children 
from the third grade follow-up faded to zero and, for state test scores, turned negative as 
children moved through elementary school. 
2.3 Preschool programs - European, Canadian, and Australian evidence 
 Nordic and Western European countries present contrasting approaches, with similar trends 
in Canada, when compared to the U.S.  Most countries from the European Community, including 
the U.K., Belgium, France, Germany and all Nordic nations, offer publicly subsidized universal 
childcare or provide for 3-5 year old children public school-based preschool programs aimed at 
promoting children’s social and cognitive development. A general concern motivating state policy 
intervention is to contribute to an equalization of the opportunity structures. More egalitarian 
income distribution is associated with generous transfers to families with children in particular. 
Key policies are income enhancing measures, like child benefits and high minimum wages. 
Larger-scale social interventions, rather than the targeted ECE programs, with nearer-universal 
coverage attained via heavy public subsidization of costs, have been developed over the years. 
 A distinct regime of much higher quality related to center-based care has been developed in 
several countries (notably Nordic countries) for children older than 2 years, which is ECE and pre-
K offered at a low price to all families, regardless of need. Most countries across Europe were 
following suit, by extending public education systems to include younger children, providing 
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education free of charge from age 3 in general, where provision is sometimes based in the same 
building as primary schools (e.g. France, Belgium).3  
 Yet, despite enormous policy interest, evidence on the effectiveness of the extensive and 
more universal European childcare models and preschool programs is scarce and far from 
unified. There are surprisingly few nation-wide studies, all with a diversity of methods and 
outcomes, some focusing on cognitive development, others centered on non-cognitive skills, 
while some pinpoint specific aspects of child development.4 In the group of studies on early 
schooling enrollment, most of the estimated impacts on cognitive skills are generally positive, 
small, unequally distributed across children from low- to high-income families, and effective 
mainly for disadvantaged children. An Appendix identifies empirical studies for selected countries 
(England, Netherlands, Spain, Italy, France, Germany, Norway, Canada and Australia) with 
pertinent results mostly on preschool programs. 
2.4 Socioeconomic gradient of children’s cognitive achievement 
 There is long intense interest in how differences in children’s outcomes are associated with 
parental socioeconomic background (income, education, occupation status) as they aged from 
early childhood to middle childhood to adolescence. Duncan and Murnane (2011), and Ermisch, 
Jäntti, and Smeeding (2012) editors of different collective academic books, attribute considerable 
significance to SES gradient of differences in cognitive and socioemotional (non-cognitive) 
outcomes. Parents with better levels of education and higher incomes may invest more time, 
quality goods and services into their children. The resulting differences in outcomes, it is argued, 
emerge early at the pre-school level and then are re-enforced in childhood and the teenage 
years, despite the potential equalizing effect of compulsory education.  
 Ermisch, Jäntti, and Smeeding (2012, chap. 2) review analyses of socioeconomic gradients in 
children’s outcomes over the life course To harmonize parental SES measures, they employ a 
four-category education ranking for parents’ education, using the more highly educated of the 
two parents or the education of single parents (some authors also use income, earnings, or 
occupation if available). They prefer education as a measure of SES because it is a measure of 
permanent income and because people with different educational qualifications face different 
labor markets with different rewards and opportunities and make different career path choices 
(e.g. artist or banker). They use these data as a separate meta-analytic database and examine 
how the association of child outcomes with parental SES varies across domains, countries, and 
child’s age in an admittedly broad but informative way. Their regressions, based on 292 data 
points linking parental SES (as standardized by education) to various child and adult outcomes, 
suggest important ways in which the intergenerational gradients differ, and some in which they 

 
3 Regulations exist for maximum number of children allowed per staff member, training and working conditions of 
staff in charge of early childhood education and care, definition of appropriate curricula and governance. 
4 That is, the impact of preschool quality on Danish students’ test results at the end of primary school’s 9th grade 
(Bauchmüller, Gørtz, and Rasmussen, 2014); the effects on the earnings distribution of exposed children as adults of 
a large scale expansion of subsidized childcare in Norway (Havnes and Mogstad, 2011, 2015); a multivariate 
multilevel modelling of scores outcomes for Grade 4 Italian students (Grilli, Pennoni, Rampichini, and Romeo, 2016); 
the effects of school systems on Swedish and Norwegian students’ reading performance (Rasmusson, 2016).  
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do not, across these dimensions. There is evidence from a number of countries that intermediate 
outcomes after early childhood also have a steep socioeconomic gradient.  
 Duncan and Murnane (2011), quote James Heckman, the Nobel economist at the University of 
Chicago, who argues that parenting matters as much as, if not more than, income in forming a 
child’s cognitive ability and personality, particularly during the years before children start school.5  
The book’s analyses identify the ways rising inequality undermines one of the most important the 
ability of schools to provide children with an equal chance at academic and economic success. 
 Parenting is multi-dimensional. Putnam (2015) describes the growing gulf between how the 
rich and the poor American families raise their children, while Reeves and Howard (2013) and 
Reeves (2017) argue that too little attention is paid to the divide affecting inherited advantage 
and disadvantage, the parental gap. Upper middle-class families by their income (in the upper 
quintile) or education (with an undergraduate degree or more) not only have better 
opportunities, but are also doing a lot of things right. Education is positively correlated between 
spouses, and, in many countries, with stability of marriage as well. More educated parents also 
have fewer children and have them later in life. Upper-middle class families are not only richer 
(with two professional incomes) and more stable, they are also more nurturing, in that they 
adopt more effective parenting practices and behaviors with their children. Phillips (2011) 
documents how parents spend different amounts and quality of time interacting with their 
children and exposing them to “various” environments, and how these factors can make a 
difference in their development and academic outcomes. They talk with their school-aged 
children for three hours or more per week. Phillips estimates that between birth and age six, 
children from high-income families will have spent 1,300 more hours in contexts other than 
home, school or in the care of another parent or a day-care provider than children from low-
income families. In addition, the amount of time parents spend in literacy/numeracy activities is 
lower for low-income than for high-income families (see below for our use of such an index in the 
PIRLS and TIMSS surveys). 
2.5 Universal childcare program and maternal time use trade-off 
 The importance of parental time in determining child attainment has long been recognized by 
economists. Despite this, there are few empirical studies that analyze the effect of parental time 
inputs on child outcomes. Del Bono et al. (2016) using large longitudinal survey data from the UK 
Millennium Cohort Study, estimates the relationship between maternal time inputs and early 
child development. Results indicate three main results: first an overall positive relationship 
between two maternal time inputs (educational and recreational time) and child cognitive and 
emotional skills development between the ages of 3 and 7; second, these correlations are large, 
corresponding to 20–40 percent of the impact of having a university educated mother rather 
than a mother without any qualification; third, early time investments such as reading, playing, 

 
5 “Early life conditions and how children are stimulated play a very important role,” he said. “The danger is we will 
revert back to the mindset of the war on poverty, when poverty was just a matter of income, and giving families 
more would improve the prospects of their children. If people conclude that, it’s a mistake.” (The New York Times, 
2012/02/10/’Education Gap Grows Between Rich and Poor, Studies Say’, by Sabrina Tavernise quoting Heckman). 
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helping with homework, providing medical care are more productive than later time 
investments. 
  Some papers have come back to older findings consistent with a psychology hypothesis (Kalil, 
Ryan and Corey, 2012), while others estimate negative effects of full-time maternal employment 
on child development (Bernal, 2008; Bernal and Keane 2011). That early high quality daycare for 
infants and toddlers, for parents returning to work soon after the birth of a child, may likely 
generate desirable effects for both cognitive and non-cognitive outcomes. Early daycare 
attendance positive impacts are observed for a relatively disadvantaged population, but with no 
effects on children from advantaged families. In particular, recent studies have examined if 
additional time mothers spend working associated with greater financial resources affects other 
time allocation decisions, especially the magnitude and types of time with children (Agostinelli 
and Sorrenti, 2021; Bastian and Lochner, 2020; Fort, Ichino, and Zanella, 2019). The concerns are 
that greater mother’s labor force participation, induced by universal heavily subsidized childcare, 
and earned-income tax-credit, reduce parental time investments in children. Especially are single 
mothers, usually the main target group of these welfare programs and are considered most 
responsive to incentives. 
 These papers focus in particular on the trade-off between the income effect (economic 
resources) and the substitution effect (time and quality of the parent-child interactions) on a 
child's cognitive and behavioral development. A program that heavily subsidized daycare at age 
0-4 will most likely change the amount of maternal (parental) care a child receive, depending on 
family context, experiencing fewer one-to-one interactions with adults. Giving the well-
documented effects of subsidized childcare on maternal labor supply, attention must be given to 
the amount and nature of time spent, or interactions types with young children. Combining 
families’ labor-force with time-use data sets, analyses indicate that higher wages may cause 
parents to substitute leisure and home production for time at work with little, or even positive, 
effects on time spent with children. Results depend on families’ education, structure, and wages. 
 
3. PIRLS and TIMSS data sets, and variables used 
 International large-scale assessments (ILSAs) provide representative information about 
student achievement, population knowledge, skills or behaviors in certain domains, and across 
countries. There are some subtle conceptual differences in the skills ILSAs tests measure, with 
PIRLS and TIMSS focused upon “curriculum-based” measures of reading, numeracy and science 
literacy, while the well-known PISA surveys measure children’s ability to use their skills in “real-
life” situations. This analysis is based on two types of achievement for Grade 4 students (all in 4th 
year of primary school) aged 9-11 years, the Progress in International Reading Literacy Study 
(PIRLS) inaugurated in 2001, and the Trends in International Mathematics and Science Study 
(TIMSS), a math and science assessment conducted in fourth and eighth grade since 1995. 
 Our analyses are based on stratified and clustered random samples of students at the end of 
primary school in six selected European countries – Denmark, Finland, Norway, Sweden, France, 
Belgium, and in Canada represented by the two provinces of Ontario and Québec which 
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represent more than half of the country students’ population and participated separately in all 
surveys. The Flemish and the French regions in Belgium also have their own school system and 
participated separately in the assessments. Hereafter, to simplify the presentation, no distinction 
will be made between country, region or province within a country; all will be designed as a 
jurisdiction. Norway considered that a comparison with Sweden should be considered and based 
on Grade 5 students (median age 10.8 years) instead of Grade 4 students (median age 9.8 years), 
so has two samples or only one for some years. 

Table A: Average scale score and number of Grade 4 (and Grade 5 in Norway) students with Reading, 
Math and Science achievement by selected jurisdiction, and year-survey from 2001 to 2019 
PIRLS Reading 2001 (Observations) 2006 (Observations) 2011 (Observations) 2016 (Observations) 
Finland 
Norway 4th 
Norway 5th  
Denmark 
Sweden 
Belgium Flemish 
Belgium French 
France 
Ontario, Canada 
Québec, Canada 

# 
499 (3,459) 

# 
# 

561 (6,044) 
# 
# 

525 (3,674) 
548 (4,295) 
537 (3,958) 

 # 
498 (3,837) 

# 
546 (4,001) 
549 (4,394) 
547 (4,479) 
500 (4,552) 
522 (4,404) 
555 (3,988) 
533 (3,748) 

568 (4,910) 
507 (3,192) 

# 
554 (4,594) 
542 (4,707) 

# 
506 (3,727) 
520 (4,438) 
552 (4,561) 
538 (4,244) 

566 (4,896) 
517 (4,354) 
559 (4,232) 
547 (3,508) 
555 (4,525) 
525 (5,198) 
497 (4,623) 
511 (4,767) 
544 (4,270) 
547 (3,179) 

TIMSS Math, 
Science 

2007 (Observations) 2011 (Observations) 2015 (Observations) 2019 (Observations) 
Math Science Math Science Math Science Math Science 

Finland 
Norway 4th 
Norway 5th  
Denmark 
Sweden 
Belgium Flemish 
Belgium French 
France 
Ontario, Canada 
Québec, Canada 

# 
473 (4,108) 

# 
523 (3,519) 
503 (4,676) 

# 
# 
# 

536 (3,496) 
517 (3,885) 

# 
473 

# 
523 
503 

# 
# 
# 

536 
517 

545 (4,638) 
495 (3,121) 

# 
537 (3,987) 
504 (4,663) 
549 (4,849) 

# 
# 

518 (4,570) 
533 (4,235) 

#570 
494 

# 
528 
533 
509 

# 
# 

#528 
516 

535 (5,015) 
493 (4,164) 
549 (4,329) 
539 (3,710) 
519 (8,284) 
546 (5,404) 

# 
488 (4,893) 
512 (4,574) 
536 (2,798) 

554 
493 
538 
527 
540 
517 

# 
487 
530 
525 

532 (4,730) 
# 

543 (3,951) 
525 (3,227) 
521 (3,965) 
532 (5,655) 

# 
485 (4,186) 
512 (3,830) 
543 (3,837) 

556 
# 

539 
522 
537 
501 

# 
488 
524 
522 

Notes: Observations of students with test scores, where # are missing scores denoting not-participant jurisdictions. 
PIRLS and TIMSS scaled average, for each survey total participant countries and regions, are all 500. French Belgium 
schools did not participate in TIMSS surveys for Grade 4 students. In some surveys, a few other Canadian provinces 
occasionally participated. Number of observations for math and science are the same. 
Sources: Official PIRLS and TIMSS International scores in Reading, Math and Science, various years. Results are based 
on each country or region five plausible values, sampling zone, replication weights, and students sampling weights. 
 
 The upper and bottom panels of Table A, identify respectively the PIRLS and the TIMSS by selected 
jurisdictions participating over surveys and years with number of students and their average score as 
calculated by the surveys statisticians. These jurisdictions have a well-established early childhood 
education system with high enrollment rates (see below). They therefore are well suited for the 
specification of both control and treatment groups for the study, because the data include 
retrospective information not only on whether children attended preschool, but also the number 
of years they spent in such settings. Section 4 below comments comparatively the international 
scores when converted into the z-score metric. 
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3.1 PIRLS data sets  The PIRLS survey, conducted every five years since 2001, provides 
unique linked data on students’ reading achievement, preschool attendance, home and learning 
environments, and parental background in several countries. Survey years are for 2001, 2006, 
2011, and 2016, with a fifth cycle conducted in 2021 (results announced for, December 2022, but 
reported for June 2023). In 2001, 35 countries participated in the survey but few of our selected 
jurisdictions, while in the following surveys almost all were participants (see Table A). 
 Average scale scores indicate that the 2016 performance of the selected jurisdictions are all 
over the average scale center point (500) of all 50 countries and the eleven benchmarking 
participants, except French Belgium. Moreover, PIRLS provides unique data background 
questionnaires for students, parents, teachers, and principals for all surveys. We use the three 
last surveys in which almost all of our selected jurisdictions participated three times (but only 
twice for Finland and the Flemish Belgium region).   
 The PIRLS framework for reading achievement was initially developed for the first assessment 
in 2001, using IEA’s 1991 Reading Literacy Study (Elley, 1992; Wolf 1995). Reading literacy was 
defined as “the ability to understand and use those written language forms required by society 
and/or valued by the individual.” Since then, the PIRLS assessment framework has been updated 
for each subsequent cycle (Campbell et al., 2001; Mullis et al., 2006; Mullis et al., 2009). It 
focuses on two global purposes for reading that account for most of the reading done by young 
students, both in and out of school (with test percentages allocated to each): (a) literary 
experience (50%), and (b) acquire and use information (50%)(Mullis and Martin, 2015, p.13). 
Because young children cannot be subjected to long testing periods without suffering a loss of 
concentration and fatigue, the testing time is limited to 80 minutes per student, with an 
additional 15–30 minutes for a student questionnaire. Each student booklet consists of two 40-
minute blocks of passages and items (one literary and one informational). In selecting texts for 
international reading literacy, potential for cultural bias has been taken into consideration. 
3.2 TIMSS data sets  The TIMSS, first administered in 1995, was the largest international 
student assessment study of its time evaluating students in five different grades. In the second 
cycle (1999), only Grade 8 students were tested. In the five following cycles (2003-2019), both 
4th and 8th graders were assessed. The structure of the survey is very similar to the PIRLS; in 
particular the parental questionnaire introduced in 2011 is the same. In general, the Grade 4 
frameworks used in TIMSS 2011, 2015 and 2019 are similar, with minor updates to particular 
topics in order to better reflect the curricula, standards, and frameworks of the participating 
countries as reported in the TIMSS 2011 Encyclopedia (Mullis et al., 2012). The Mathematics 
Framework has two assessments organized around two dimensions, where each shows the 
target percentage of testing time devoted to each content and cognitive domain: (a) the content 
dimension, specifying the subject matter to be assessed (numbers 50%, geometric shapes and 
measures 35%, and data display 15%); and (b) the cognitive dimension, specifying the thinking 
processes to be assessed (knowing 40%, applying 40%, and reasoning 20%). The Science 
Framework is organized in the same way: (a) content dimension (life science 45%, physical 
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science 35%, and earth science 20%), and (b) cognitive dimension with similar thinking processes. 
The individual student response burden for all the TIMSS’ assessments is the same —that is, 72 
minutes for the two assessments (36 minutes, with a break, by section), and 15-30 minutes for 
the student questionnaire. The bottom panel of Table A indicates students’ average scaled scores 
in math and science by survey year for the selected jurisdictions in 2007, when only few 
participated, and in 2011, 2015, and 2019, used in our empirical models because of the parental 
questionnaire. Average scale scores show that for all year’s performances the selected 
jurisdictions are over the average scale center point (500), except for France, and Norway 
younger 4th graders. 
3.3 Preschool attendance duration  The central variable, used to link preschool treatment 
and achievement in scores, is attendance in a preschool institution before entering Grade 1 
compulsory primary education. The data sets include parental retrospective information, not 
only on whether children attended preschool, but also the number of years they spent in such 
establishment. Table B describes extensively the duration of preschool enrollment, reported by 
one of the parents (most of the time the mother) for the PIRLS (2006, 2011, 2016), and the TIMSS 
(2015, 2019) surveys. The survey asks the number of years of enrollment in preschool for a 
selected child, before Grade 1 (including kindergarten and not attending at all). The maximum 
response for years of preschool enrollment was increased to the possibility of answering that the 
child spent more than 3 years in 2011, and 4 years 2016, and 2019.  Depending on the year and 
participating jurisdictions, a rather small percentage of parents (sometimes, the father or a 
delegate person) do not answer this question. The non-response rate is higher for Ontario and 
Québec, while it increased in 2016 for most countries, compared to 2006 and 2011. In our 
selected jurisdictions, only a small fraction of children never attended preschool or have been 
enrolled for less than one year (spending at least some months in formal care). The lengthening 
of average preschool attendance duration reflects a shift due to a combination of higher 
participation, rising intensities of childcare, and expansion of spaces offering over years, captured 
by the changes in survey responses choices.  
 For the 13 years covered by the surveys used for estimations, the group of selected European 
jurisdictions is observed with a large majority of students who were enrolled in ECE during their 
early years. The lower spells in childcare are also noticeable in the two Canadian provinces, 
although duration increases is clear over the years, while response rates to some questions - such 
as childcare enrollment - or participation rates in the parental overall questionnaire, are much 
lower than in the other countries. There are remarkable differences with regards to time in 
childcare across survey years and there is also significant cross-country variation. But the trend is 
clearly of a rising formal childcare duration across jurisdictions, reflecting increases in mothers’ 
labor force participation. 
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Table B: Number of students (N) and percentage distribution of preschool attendance duration in years 
before Grade 1 by selected jurisdiction, PIRLS 2006-2011-2016, and TIMSS 2015-2019 

 Percentage of preschool duration by number of years D a Non-   
Jurisdictions D ≥ 3 2 < D < 3 D = 2 1 < D < 2 D ≤ 1  D = 0 Missing (%) Missing (%) Total N 
 PIRLS 2006 
Denmark 78.5 14.2 2.1 1.8 2.8 0.6 3,714 (92.8) 287 (7.2) 4,001 
Norway 4th  62.6 14.6 6.5 4.3 3.5 8.5 3,525 (91.9) 312 (8.1) 3,837 
Sweden 60.8 11.5 4.9 14.3 4.6 3.9 3,831 (87.2) 563 (12.8) 4,394 
Belgium Fl. 85.4 11.9 1.2 0.4 0.4 0.6 4,305 (96.1) 174 (3.9) 4,479 
Belgium Fr. 76.0 17.7 3.0 1.2 0.9 1.3 4,051 (89.0) 501 (11.0) 4,552 
France 75.8 19.6 2.6 1.0 0.4 0.6 4,028 (91.5) 376 (8.5) 4,404 
Ontario 9.4 7.7 14.3 10.6 12.6 45.4 3,457 (86.7) 531 (13.3) 3,988 
Québec 11.8 7.7 12.3 10.1 24.4 33.7 3,239 (86.4) 509 (13.6) 3,748 
 PIRLS 2011 
Denmark 80.9 13.8 1.8 1.3 1.9 0.4 4,304 (93.7) 290 (6.3) 4,594 
Finland 49.9 16.3 6.1 8.5 18.2 0.9 4,658 (94.9) 252 (5.1) 4,910 
Norway 4th  71.9 15.5 5.2 2.4 2.2 2.9 2,907 (91.1) 285 (8.9) 3,192 
Sweden 74.3 9.9 3.0 6.6 2.4 3.9 3,992 (84.8) 715 (15.2) 4,707 
Belgium Fr. 76.0 19.4 1.9 0.9 0.5 1.3 6,692 (89.8) 762 (10.2) 7,454 
France 75.3 20.7 2.6 0.6 0.3 0.5 4,081 (92.0) 357 (8.0) 4,438 
Ontario 18.9 12.7 35.8 12.7 15.2 4.8 3,586 (78.6) 975 (21.4) 4,561 
Québec 15.3 8.3 13.4 13.2 44.5 5.3 3,653 (86.1) 591 (13.9) 4,244 
 Percentage of preschool duration by number of years D a Non-   
Jurisdictions D ≥ 4 D = 3 D = 2 D = 1 0 < D < 1 D = 0 Missing (%) Missing (%) Total N 
 TIMSS 2015 
Denmark 54.1 39.0 4.5 1.1 0.6 0.8 3,248 (87.5) 462 (12.5) 3,710 
Finland 46.8 24.0 11.6 14.8 2.0 0.8 4,724 (94.2) 291 (5.8) 5,015 
Norway 4th  74.9 19.6 3.4 0.9 0.6 0.6 1,874 (45.0) 2,289 (55.0) 4,163 
Norway 5th 71.4 21.4 4.1 1.5 0.6 1.0 1,848 (42.7) 2,481 (57.3) 4,329 
Sweden 75.9 13.9 3.9 2.6 0.8 3.0 7,116 (85.9) 1,168 (14.1) 8,284 
Belgium Fl. 59.8 28.1 5.0 1.8 1.3 4.0 4,827 (78.8) 577 (21.2) 5,404 
France 28.3 59.0 5.5 3.1 0.8 3.4 4,144 (85.0) 729 (15.0) 4,873 
Ontario 17.7 21.6 18.5 7.7 3.7 30.9 3,559 (77.8) 1,015 (22.2) 4,574 
Québec 37.7 22.7 12.4 9.1 2.5 15.6 2,366 (84.6) 432 (15.4) 2,798 
 PIRLS 2016 
Denmark 83.0 12.7 2.5 0.8 0.4 0.6 3,305 (94.2) 203 (5.8) 3,508 
Finland 46.7 23.6 11.9 14.9 1.8 1.1 4,540 (92.7) 356 (7.3) 4,896 
Norway 5th 68.5 14.8 3.8 7.8 2.3 2.8 4,022 (92.4) 332 (7.6) 4,354 
Sweden 77.4 13.2 3.4 3.0 0.6 2.4 3,839 (84.8) 686 (15.2) 4,525 
Belgium Fl. 59.8 29.3 5.1 1.7 1.1 3.0 4,615 (88.8) 583 (11.2) 5,198 
Belgium Fr.  92.8c 5.3 1.4 0.5 0.0 4,033 (87.2) 590 (12.8) 4,623 
France 22.9 56.2 6.1 4.0 2.3 8.5 4,204 (88.2) 563 (11.8) 4,767 
Ontario 17.6 23.5 26.5 9.5 4.1 18.8 3,354 (78.5) 916 (21.5) 4,270 
Québec 36.7 10.9 14.3 9.1 2.2 17.9 2,726 (85.8) 453 (14.2) 3,179 
 TIMSS 2019 
Denmark 88.4 6.3 3.8 0.5 0.5 0.5 2,728 (59.6) 1,931 (41.4) 4,659 
Finland 51.0 25.2 9.6 11.5 1.9 0.8 4,100 (86.7) 630 (13.3) 4,730 
Norway 5th  83.1 11.5 2.6 1.3 0.4 1.1 3,507 (59.9) 2,343 (40.1) 5,850 
Sweden 78.2 12.2 3.2 2.1 1.0 3.3 4,369 (77.2) 1,293 (22.8) 5,662 
Belgium Fl. 64.3 25.1 5.7 1.8 1.6 1.5 4,135 (88.8) 520 (11.2) 4,655 
France 27.0 61.0 5.2 3.1 1.2 2.5 5,419 (88.3) 715 (11.7) 6,134 
Ontario 17.0 22.8 29.4 11.5 4.3 15.0 2,506 (65.4) 1,324 (34.6) 3,830 
Québec 42.3 22.6 14.5 12.8 1.9 5.9 2,848 (74.2) 989 (25.8) 3,837 
Notes: a. Proportions of non-missing observations. Missing category represents mainly parental non response participation, and 
marginally parental non-response for preschool participation or duration. Source: Authors' computations from data sets. 
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3.4 Surveys design and test scores  International education surveys typically use a two-
stage design. At stage 1, schools are randomly selected by each jurisdiction school authority (at 
least 150), and at stage 2, classes are randomly chosen from within each school (all students of 
one class only, occasionally two) in PIRLS and TIMSS.  All are based on a complex psychometric 
design to measure skills in a number of different subject areas (reading, math, science), and 
within these, a number of different dimensions in order to keep the length of the test manageable 
for students. Participants are randomly assigned to complete particular test booklets, each 
including only a limited number of test questions. In both surveys, children’s answers are 
summarized by the survey organizers into a score using an ‘item-response model’. The intuition is 
that true abilities are unobserved, and must be estimated from the given answers. Five ‘plausible 
values’ are generated for each student, each one estimating the individual’s true proficiency and 
using the variability among them as a measure of the imputation uncertainty, or error. The 
measures of tests scores have a metric that appears superficially comparable across the surveys 
since each year scores are scaled in both PIRLS and TIMSS by the survey organizers to have a 
mean across all participating countries of 500 and a standard deviation of 100. But the pool of 
participating jurisdictions differs across surveys and years (see above for our selected 
jurisdictions). As a result, jurisdiction differences in mean scores and their proper standard 
deviation are generated. 
  Although it is relatively straightforward to use proper school, class, and student weights, 
researchers conducting pooled analyses of multiple countries must make more difficult decisions 
concerning jurisdiction weights. One alternative, used here, is to leave these differences in 
national variances in the data sets, but to adjust the raw scores in each survey year by the mean 
and standard deviation in the pooled sample of the PIRLS (8-9 jurisdictions) and TIMSS (8 
jurisdictions), where each is weighted in proportion to the size of its test sample (“house 
weighting”).6 Pooled samples scores are transformed into Z-scores national metric comparable 
across countries and between surveys. That is, in each survey, a student’s test score is adjusted 
by subtracting the pooled mean and dividing by the standard deviation. With this ‘international’ 
metric, the mean score is equal to zero and the standard deviation is equal to one in the pooled 
sample at survey. 
3.5 Parental socioeconomic status and family background  Each student taking the 
PIRLS/TIMSS assessment completes a questionnaire on aspects of home and school life, including 
basic demographic information, home environment, school climate for learning, and self-
perception and attitudes toward reading, math and science. The language is simplified in the 
fourth grade version of the test and specific content is altered to be appropriate for the grade 
level. The response rate is very high. We did not use all the information from the surveys, except 
gender and age (date of birth, month, and year), and frequency of speaking tests’ language at 

 
6 One alternative in pooling countries would be to apply ‘senate weights’ (weighting all jurisdictions equally) or 
‘student weights’, where more populous countries would contribute more to the results. Only France as a country 
has a larger student population in all grades. Experiencing with these weights produced very similar results. 
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home, since other questions related to educational materials (computer, study desk, own room, 
internet, country-specific indicator of wealth, amount of books at home) are more present-day. 
 The parents (mother, father or caregiver) of each student being assessed are asked to 
complete a home questionnaire which requires 15-30 minutes to complete. Information on 
children ECE programs enrollment and number of years in this questionnaire was covered 
above.7 It asks about home resources for literacy and numeracy, as well as early childhood 
literacy, numeracy, and parental activities related to science,8 the child’s reading and quantitative 
readiness when starting school, parents’ attitudes toward reading and mathematics, amounts of 
books and books for children at home, as well as parental, both for the mother and father, 
education and occupation.9 
 Parental socioeconomic status level Two socioeconomic statuses were imputed for 
students from the parents’ education levels and main job classification: education status, with 
three categories (lower, middle and high); and a SES index of occupational level. Table C presents 
the assignment rules adopted for all survey-years. The 7-8 education levels (the latest surveys 
distinguish master and Ph.D. levels) are reclassified into 3 levels (highest level of mother or 
father): 1. Upper secondary or less (the number of parents with a lower secondary education 
level or less is relatively small so that we do not create a particular classification for this group ). 
2. Postsecondary education (more than secondary and less than university enrollment). 3. 
University education, undergraduate degree, master, doctorate. This variable will be our main 
indicator of the parental education status.10 In the section for gradients estimations, the 1 to 9 
categories of highest parental education (computed out of each parent’s level where the highest 
level is attributed to the scale) are transformed in an index of years of education (based on the 
International Classification of Education – ISCED – as used by PISA). 
 The father and mother’s occupation is also a widely accepted measure of socioeconomic 
status (SES) in sociological research, and is reliably reported in international surveys (Jerrim and 
Micklewright 2014). But this information is missing for 17 percent the TIMSS 2015 sample (in 
2019 this percentage is higher for some jurisdictions). An index of the highest occupational status 
of the parents is derived from main occupational/job data for both the student’s father and 
mother obtained from responses to open-ended questions. The responses were coded copying 
the PISA survey approach where four-digit ISCO codes are mapped to the international socio-
economic index of occupational status (ISEI) (Ganzeboom and Treiman, 2003). The occupational 

 
7 The last PIRLS 2016 survey on early childhood education also subdivided into level/type programs for children 
under age 3, and pre-primary education programs including kindergarten for children aged 3 or older. 
8 PIRLS-TIMSS Index of early literacy and numeracy activities before entering school computed elements such as: 
read books, tell stories, sing songs, play with abc-toys, talk about thing, talk about reading, book discussion, play 
word games or with shapes, board or card game, write letters or words or numbers, read aloud, read aloud signs, 
counting songs or things, number of toys, building blocks. 
9 Questions relate to if the child, mother, and father was born in country; languages spoken (or language of test) by 
mother and father were not systematically asked or with a similar formulation over all surveys. 
10 Not all parents complete the questionnaire. In the three PIRLS 2006-2016 surveys, non-response is between 16 
(2006) and 12 (2016) percent. As indicated above, mean and distribution of scale scores of students for whom the 
parents skip their questionnaire are all significantly below the scores of students with parental information. 
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indexes values are used as a continuous control variable in the econometric estimations 
presented below. They are also transformed in terciles to reflect distribution of scores by 
students’ SES and estimate gradients. 
 
Table C: Scales used to construct education levels and occupation socioeconomic statuses and indexes 
Mother or father Parents’ highest Education Years Parents’ highest SES  
 education level  education level status index  occupation level  index 
Did not go to school-1 Lower secondary Lower 8 Has never worked for pay 22 
Some primary-2 Lower secondary Lower 10 General Laborers/Domestic worker 24 
Lower secondary-3 Lower secondary Lower 12 Skilled Fishery/agriculture worker 31 
Upper secondary-4 Upper secondary Lower 14 Plant/machine operator 33 
Post-secondary-5 Post-secondary Middle 16 Craft/trade worker/ builders 37 
Short-cycle tertiary-6 Post-secondary Middle 18 Service/Sales worker includes travel 45 
Bachelor´s or equivalent-7 University or higher High 20 Clerical worker/ office clerks 49 
Master´s or equivalent-8 University or higher High 21 Technician/Associate Professional 52 
Doctor or equivalent-9 University or higher High 23 Small Business owner 57 
    Corporate Manager/Senior official 67 
    Professional includes scientists 73 
Not applicable Not applicable NA NA Not applicable NA 

Source: PIRLS and TIMSS surveys parental questionnaire and authors’ constructed indexes. 
 
 Family background covariates variables   Statistics of all variables used by survey-year 
are presented in Table D.1.1 (PIRLS) and D.1.2 (TIMSS). Family background information, in 
particular parental education and occupation, reported by one of the parents in the parental 
survey questionnaire, relates to the time of the survey. When the student was younger during 
preschool years, these characteristics could have been different, but admit they are very good 
proxies. The only other variables, which bear on the preschool years of the student, are 
preschool attendance and duration, and indexes of early literacy and numeracy activities before 
entering school (footnote 8 for a description) constructed by the survey. Since the student 
preschool years are not very distant in time, and that preschool attendance-duration is a 
significant life fact for the family, the analysis assumes parental information matches up with 
reality. 
 The treatment effects estimations framework (see section 5 for the econometric 
methodology) combines two models (treatment status and outcomes equations) that must be 
specified. Five variables available appearing in all surveys are retained as covariates in the 
treatment-assignment model: 1. Sex and number of month-age of the student; 2. Parental 
education levels, highest level reached by either father or mother, whichever is highest (low, 
middle, high); 3. Occupational socioeconomic status of the family, declared for either father or 
mother, whichever is at highest level (treated as a continuous index variable); 4. A dummy for 
language of the test spoken at home: frequently versus sometimes or never, or when available, 
the child’s immigration status; 5. Year dummy variable for estimation with pooled data sets. 
 For the outcome model equation, eight variables in all the surveys are used: 1. Outcome of 
interest are the z-scores (reading, math or science as the dependents variables). 2. Sex of the 
student. 3. Age-month of the student (treated as a continuous variable). 4. Parental education 
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levels, highest level reached by either father or mother, whichever is highest (low, medium, 
high). 5. A dummy for language of the test spoken at home: frequently versus sometimes or 
never, or when available, the child’s immigration status. A dummy for the language usually used 
at home, same as test versus sometimes or never. 6. Occupational socio-economic status of the 
family (treated as a continuous variable). 7. Early preschool literacy and numeracy parental 
activities before school (treated as a continuous variable, except in 2006 available as 
categories).11 8. Year dummy variable for estimation with pooled survey data sets. 
 The preschool treatment variable represents both preschool enrollment and duration. It 
contains three integer values representing the duration levels: 1. A low level of attendance is 1 
year or less (including no attendance as declared by the parent); 2. A medium level attendance is 
more than 1 year and less than 3 years; 3. A high level of attendance is 3 years or more.  

 
11 The surveys statisticians have also constructed an index of home resources for learning, composed of parental 
education and occupation, number of books in the home (from parents, from students), access to internet and own 
room (from students). This index largely correlated to parental characteristics was not used. 
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Table D1: Descriptive statistics of variables used for estimation by jurisdiction, PIRLS 2006, 2011, 2016 
Jurisdiction Denmark Finland Norway 4th  Norway 5th  Sweden France Belgium 

Flemish 
Belgium 
French 

Ontario Québec 

Obs. 2006 
Obs. 2011 
Obs. 2016 

3,714 
4,304 
3,305 

# 
4,658 
4,540 

3,525 
2,907 
4,022 

# 
# 

3,933 

3,831 
3,992 
3,839 

4,028 
4,081 
4,204 

4,305 
# 

4,615 

4,051 
6,692 
4,033 

3,457 
3,586 
3,354 

3,239 
3,653 
2,726 

 Male student (percentage) 
2006 
2011 
2016 

48.2 
49.2 
48.4 

# 
50.5 
49.7 

50.0 
48.6 
49.6 

# 
# 

49.1 

51.2 
50.4 
48.6 

51.2 
50.0 
48.8 

50.6 
# 

48.5 

48.9 
50.7 
50.4 

49.6 
49.4 
48.5 

49.4 
50.0 
47.4 

 Student’s age (years) 
Mean 2006 
Mean 2011 
Mean 2016 

10.9 
10.8 
10.8 

# 
10.8 
10.8 

9.8 
9.7 
9.8 

# 
# 

10.8 

10.8 
10.7 
10.7 

10.0 
9.9 
9.7 

10.0 
# 

10.0 

9.9 
10.0 
9.9 

9.8 
9.8 
9.8 

10.1 
10.1 
10.1 

 Early parental literacy activities before school (discrete variable: high level percentage) 
2006 53.0 # 49.7 # 47.2 59.0 40.9 52.9 70.5 64.9 

 Early parental literacy activities before school (continuous variable) 
Mean 2011 
Mean 2016 

9.9 
10.0 

9.8  
9.9 

10.1 
10.1 

# 
10.2 

9.9 
10.0 

10.0 
10.0 

# 
9.5 

9.7 
9.7 

10.8 
10.8 

10.3 
10.3 

 Immigration status: percentage born outside country 
2006 
2016 

4.7 
4.6 

# 
4.1 

4.1 
6.4 

# 
6.8 

5.4 
6.8 

5.1 
5.2 

4.7 
5.7 

9.7 
9.2 

9.0 
9.8 

6.9 
9.3 

 Language of test used at home: percentage sometimes or never  
2006 
2011 
2016 

17.8 
18.1 
10.6 

# 
11.1 
9.4 

17.8 
19.4 
13.8 

# 
# 

11.6 

26.5 
21.9 
13.4 

33.7 
22.8 
18.2 

21.9 
# 

23.2 

36.2 
29.0 
22.6 

52.5 
44.9 
38.5 

41.5 
30.6 
30.0 

        Index of occupational status - SES (mean continuous variable) 
Mean 2006 
Mean 2011 
Mean 2016 

55.1 
55.9 
57.6 

# 
59.7 
61.5 

59.2 
62.0 
63.1 

# 
# 

63.3 

57.8 
58.2 
60.5 

53.6 
54.0 
55.2 

54.7 
# 

57.0 

54.0 
54.6 
56.3 

58.0 
59.5 
61.8 

57.5 
58.9 
61.5 

 Parental education levels (percentage) 
Low 2006 
Med. 2006 
High 2006 

20.0 
28.5 
51.5 

# 
# 
# 

22.1 
29.3 
48.6 

# 
# 
# 

27.9 
35.7 
36.4 

56.8 
15.6 
27.6 

41.1 
26.9 
32.0 

41.0 
48.8 
10.2 

18.1 
36.5 
45.3 

21.3 
37.5 
41.2 

Low 2011 
Med. 2011 
High 2011 

17.8 
24.6 
57.6 

27.6 
27.1 
45.3 

16.9 
22.3 
60.8 

# 
# 
# 

29.9 
27.3 
42.8 

50.4 
17.9 
31.7 

# 
# 
# 

35.1 
12.7 
52.2 

13.9 
33.7 
52.4 

14.1 
38.8 
47.1 

Low 2016 
Med. 2016 
High 2016 

12.8 
23.2 
64.0 

24.4 
20.1 
55.5 

13.5 
21.8 
64.7 

13.9 
22.0 
64.1 

20.2 
25.7 
54.1 

44.0 
20.2 
35.8 

21.3 
19.9 
58.8 

28.4 
12.5 
59.1 

9.5 
34.2 
56.3 

9.0 
36.5 
54.5 

 Preschool attendance levels (percentage) 
Low 2006 
Med. 2006 
High 2006 

3.4 
18.1 
78.5 

# 
# 
# 

12.0 
25.4 
62.6 

# 
# 
# 

8.5 
30.7 
60.8 

1.0 
23.2 
75.8 

1.0 
13.5 
85.5 

2.2 
21.8 
76.0 

58.0 
32.6 
9.4 

58.1 
30.1 
11.8 

Low 2011 
Med. 2011 
High 2011 

2.2 
16.9 
80.9 

19.1 
30.9 
50.0 

5.0 
23.1 
71.9 

# 
# 
# 

6.2 
19.5 
74.3 

0.8 
23.8 
75.4 

# 
# 
# 

1.8 
22.2 
76.0 

20.0 
61.1 
18.9 

49.7 
35.0 
15.3 

Low 2016 
Med. 2016 
High 2016 

1.8 
2.5 

95.7 

17.8 
11.9 
70.3 

12.9 
3.8 

83.3 

13.2 
4.5 

82.3 

5.7 
3.5 

90.8 

14.4 
6.1 

79.3 

5.3 
5.2 

89.5 

1.9 
5.3 

92.8 

27.2 
28.1 
44.7 

18.5 
15.5 
66.0 

 Participation in early age childhood and educational program(s) (percentage 2016) 
No program 
Early age 
Pre-primary 
Both program 

0.4 
0.0 

35.5 
64.1 

1.3 
1.6 

47.6 
49.5 

1.6 
1.9 
5.2 

91.3 

2.1 
1.7 
6.3 

89.9 

2.5 
2.0 
7.7 

87.8 

8.2 
3.2 

49.8 
38.8 

2.2 
0.5 

29.9 
67.4 

# 
# 
# 
# 

20.1 
4.3 

36.6 
39.0 

19.3 
4.7 

38.8 
37.2 

Notes and sources: See End of Table D2. 
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Table D2: Descriptive statistics of variables used for estimation by jurisdiction, TIMSS 2015 and 2019 
Jurisdiction Denmark Finland Norway 

4th  
Norway 

5th  
Sweden France Belgium 

Flemish 
Ontario Québec 

Obs. 2015 
Obs. 2019 

3,248 
2,776 

4,724 
5,938 

1,865 
# 

1,848 
3,507 

7,116 
4,618 

4,144 
5,375 

4,827 
4,220 

3,559 
2,317 

2,366 
2,220 

 Male student  (percentage) 
2015 
2019 

49.8 
49.5 

50.7 
50.1 

51.7 
# 

49.3 
50.7 

48.4 
48.8 

49.1 
50.3 

48.8 
48.9 

50.0 
49.4 

48.5 
50.2 

 Student’s age (years) 
Mean 2015 
Mean 2019 

10.9 
10.8 

10.8 
10.8 

9.7 
# 

10.7 
10.7 

10.8 
10.8 

9.9 
9.9 

10.1 
10.0 

9.8 
9.8 

10.1 
10.1 

 Early parental numeracy activities before school (continuous variable) 
Mean 2015 
Mean 2019 

9.8 
10.2 

9.6 
9.9 

10.1 
# 

10.1 
10.2 

9.5 
9.7 

10.2 
10.6 

9.7 
9.8 

10.7 
11.2 

10.4 
10.8 

 Immigration status: born outside country (percentage) 
2015 
2019 

4.1 
5.1 

4.3 
4.0 

5.7 
# 

7.2 
6.8 

7.0 
9.9 

5.1 
5.6 

6.0 
7.0 

11.5 
12.4 

9.0 
10.2 

 Language of test used at home: sometimes or never (percentage) 
2015 
2019 

11.0 
11.0 

10.3 
10.6 

13.5 
# 

12.2 
10.2 

14.8 
17.5 

19.0 
19.1 

20.7 
23.6 

25.3 
33.3 

25.4 
27.0 

        Index of occupational status - SES (continuous variable) 
Mean 2015 
Mean 2019 

57.6 
62.8 

60.1 
62.2 

63.6 
## 

62.9 
## 

60.7 
60.6 

53.7 
56.1 

55.2 
56.2 

59.2 
61.7 

60.5 
62.0 

 Parental education levels (percentage) 
Low 2015 
Med. 2015 
High 2015 

10.7 
26.1 
63.2 

26.9 
21.2 
51.9 

12.5 
24.3 
63.2 

12.5 
25.6 
61.9 

21.3 
24.7 
54.0 

45.5 
21.1 
33.4 

23.6 
19.8 
56.6 

13.0 
32.7 
54.3 

10.3 
32.7 
57.0 

Low 2019 
Med. 2019 
High 2019 

9.7 
17.2 
73.1 

23.6 
14.3 
62.1 

# 
# 
# 

11.4 
19.0 
69.6 

20.1 
23.0 
56.9 

38.1 
21.0 
40.9 

21.2 
18.2 
60.6 

8.8 
30.2 
61.0 

8.9 
33.2 
57.9 

 Preschool attendance levels (percentage) 
Low 2015 
Med. 2015 
High 2015 

2.5 
4.5 

93.0 

17.7 
11.6 
70.8 

2.1 
3.1 

94.8 

3.1 
4.1 

92.8 

6.4 
3.9 

89.8 

7.3 
5.5 

87.3 

7.0 
5.0 

87.9 

42.3 
18.5 
39.2 

27.2 
12.4 
60.4 

Low 2019 
Med. 2019 
High 2019 

1.5 
3.8 

94.7 

14.2 
9.6 

76.2 

# 
# 
# 

2.8 
2.6 

94.6 

6.3 
3.2 

90.5 

6.8 
5.2 

88.0 

4.9 
5.7 

89.4 

30.8 
29.4 
39.8 

20.6 
14.5 
64.9 

 Participation in early age childhood and educational program(s) (percentage 2015) 
No program 
Early age 
Pre-primary 
Both program 

0.7 
1.9 

47.9 
49.6 

0.8 
8.0 

51.4 
39.9 

0.7 
21.3 
14.4 
63.6 

1.0 
19.2 
17.7 
62.1 

2.9 
18.5 
10.0 
68.6 

2.5 
7.9 

55.5 
34.1 

2.2 
3.6 

35.0 
59.2 

32.5 
13.8 
32.8 
20.9 

15.1 
7.5 

47.9 
29.6 

 Participation in early age childhood and educational program(s) (percentage 2019) 
No program 
Early age 
Pre-primary 
Both program 

0.5 
3.0 
5.2 

91.3 

1.0 
1.4 

43.6 
54.0 

# 
# 
# 
# 

1.5 
9.3 
8.0 

81.2 

3.9 
2.9 
6.5 

86.8 

2.8 
2.5 

54.9 
39.7 

1.7 
0.8 

25.0 
72.5 

15.9 
7.3 

38.7 
38.0 

6.2 
11.7 
46.8 
35.3 

Notes: Statistics calculated for the observations with no missing value on the preschool attendance duration variable. 
Missing values of the other variables are ignored. Parental education levels: Lower (upper secondary and less), medium 
(post-secondary but not university) and high (Bachelor’s level or higher). Preschool attendance levels: Lower (up to one 
year, including no attendance), medium (between one and three years), and high (three years and more). # indicates non-
participation of the jurisdiction or group of students to the survey; ## indicates a question not administered in the survey. 
Sources: Author’s computations from PIRLS (2006, 2011, 2016) and TIMSS (2015, 2019) data sets. 
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4. Descriptive statistical analysis 
4.1 Reading (PIRLS) 2006-2011-2016 Left-panel in Table 1 shows cross-country differences, 
in the mean and percentile distribution of Grade 4 students' overall international reading scores 
(converted into the z-score metric) by selected jurisdiction (countries and benchmarking 
provinces), for the three PIRLS surveys used for estimation (2006, 2011, and 2016). A first 
observation is that, in all three survey years, there are large cross-country disparities in the mean 
and median z-scores compared to the calculated overall “national” values (show in Table A). 
Moreover, over the years 2006 or 2011 to 2016, in some jurisdictions there are few changes in 
these mean z-scores (Denmark, Sweden, Finland, Belgium French, while in other some changes 
are equal to 0.16 to 0.25 of a standard-deviation (SD) with progress in Norway Grade 4 and 
Québec, and a fall in France and Ontario). In some cases, non-participating jurisdictions as well as 
Norway partial survey by grade could have tainted the annual statistics. This highlights two 
important points. First, France, and French Belgium (Flemish Belgium participated in two of the 
three surveys) children’s reading proficiency is lagging behind that of Denmark, Finland, Norway 
Grade 5 present only in 2016, Sweden, Ontario, and Québec. There is no catching-up from 2006 
to 2016 except for Norway Grade 4 (-0.498 to -0.236). For instance, mean reading achievement in 
Norway Grade 4, France and French Belgium is 0.40-0,75 SD lower than Denmark and Sweden in 
2006, 0.60-0.75 SD lower in 2016, and more than 0.50 SD behind the top performer (Finland). 
Second, there is clear evidence that skills performance at different percentile points of the score 
distribution grow systemically for each region and year (from P10 to P90). In addition the 75th 
and 25th percentile gaps (P75-P25), a relatively plain disparity measure, presented in the bottom 
line of each panel in Table 1, indicate no shrinking gap in children’s educational outcomes for 
each region over the period 2006-2016. On the one hand, this suggests that primary schools are 
facing similar skills gap in reading, measured in Grade 4, for each new cohorts in schools from 
2006 to 2016. On the other hand, skill gaps could have been higher in Grade 1.  
 Table 1 also highlights some other noteworthy differences. Notably, students in jurisdictions 
performing well above the international average near the end of primary school generally 
manage to maintain their strong performance over the years. The same is also true at the other 
end of the spectrum, where jurisdictions with a large proportion of students (indicated by the N% 
statistic) performing poorly in Grade 4 relatively to the international average tend to perform 
poorly over the years, even though preschool attendance increases (see following statistics). 
France is an example of low performing countries. In other words, once a country falls behind in 
the educational achievement race, it seems difficult to catch up. 
 To gain further insight into this issue of each skill performance for the highest and lowest 
achievers, observed preschool attendances as well as students socioeconomic statuses 
differences in achievement must be considered. In the Statistical Annex, Table A1 presents for 
the selected jurisdictions for PIRLS-TIMSS (2006, 2011, 2016; 2015, 2019, respectively), 
descriptive statistics of the number of 4th graders, by the percentile distribution of three levels, 
of preschool duration attendance in years classified for the three levels of parental education. 
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The same levels are used in the econometric estimations. It is easy to note that, for all 
jurisdictions, higher preschool duration (3 year or more) is associated with a higher parental 
education level, while for each year survey this proportion stepped-up. Table A1 indicates that 
the proportions of children in each preschool intensity for a given parental education level have 
reversed: over time, lower and middle preschool attendances are more the choices of higher 
education parents; their children are concentrated in higher attendance level; children of lower 
educated parents represent a leading share of the lower and medium attendance levels. 
 Table A2 shows the percentiles of reading z-scores desegregated by the three levels of 
preschool duration (left panel), and by the three parental education levels (right panel). The 75th 
and 25th percentile gaps (P75-P25) are also computed for each jurisdiction. As documented in 
Table B, cross-jurisdiction differences in preschool intensity are highly noticeable, even if over 
time, the proportion of students attending middle or high levels dragged in all regions, with the 
two groups away from the lower attendance level. Parents in Finland, Ontario, Québec, have on 
average enrolled less children in childcare.  
 The left panel of Table A2 (percentile attendance levels) may give a mitigated picture of the 
preschool attendance changes, and suggest that mean score performance is similar for a low or 
high preschool attendance, while both increase over the distribution implying less students’ 
performance for a middle pattern. But trends are much sharper, with a high preschool intensity 
associated with a higher mean, or a less negative one for low-achievement regions (Norway 
grade 4, French Belgium, and France). Another interesting observation is the importance of the 
lower and medium preschool intensities for some regions (Finland, Ontario, Québec, and to a 
lesser degree Sweden) where mean z-scores remain positive and show significant achievement, 
along the distribution of scores. 
 The same comparison by jurisdiction from the right panels of the Table A2, for scores and 
parental education levels, strongly suggests that the inequality of children’s educational 
opportunities is strongly associated with the family background education level. The same 
patterns prevail over the percentile distribution of scores. On the basis of the mean and 
percentile points, the differences in test scores between children whose parental education is in 
the higher category versus those whose family is in the lower category, are accentuated for all 
three surveys. While the ratios in the lower preschool category slip to become less significant, 
the proportion of children of parent(s) with a higher education level has substantially increased 
over the years.    
 Finally, Table A5 presents the number of 4th graders -and 5th in Norway-, the mean and the 
percentile distribution of their reading z-scores by the occupational index of their parents (see 
Table C) transformed in terciles. The cross-jurisdiction differences between the lowest and the 
highest terciles show the existence of a sizeable socio-economic gradient in students’ reading 
skills. Compared to the other two measures of the students’ background, terciles levels display 
very similar patterns (means, percentile points, and the P75-P25 gaps). The robustness of these 
associations is considered below for more formal gradients estimates. 
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4.2 Math and Science (TIMSS) 2015-2019  The same descriptive statistics are computed 
with the 2015 and 2019 surveys data sets. Survey 2011 is skipped because information on 
preschool attendance and parental characteristics are available for only four jurisdictions 
(Finland, Norway, Sweden, and Québec12). Cross-country differences, and scores converted into 
the international z-score metric are presented in the right-side panel of Table 1 and in Tables A3-
A4 (left panel for math and right panel for science). Table 1, for the ten jurisdictions, indicates for 
math and science z-scores, rather large cross-country differences as for the PIRLS reading z-
scores. They follow rather similar patterns to those in the PIRLS surveys, but with some changes. 
Denmark, Finland, and Flemish Belgium students are well above the international average in 
math, with France and Québec a little over the average and all other regions are observed with a 
negative z-score mean. Students in Finland, Sweden and Ontario stand out with high averages. 
The statistics make it clear that there is a score progression with the percentile points on the 
distribution of skill achievements, while the 75th and 25th percentile gaps document a 0.10 to 
0.30 standard deviation difference in scores. 
 Tables A1, A3-A4, and A6 in the Annex present the association between students’ educational 
outcomes and the three family background measures by jurisdiction, used above for TIMSS 2011 
and 2015 respectively. The shifts between attendance and education levels towards more 
emphasis by parents of higher attendances, as well as the decreases in lower attendances by less 
educated parents are clear in Table A1 for all jurisdictions. There are strong connections between 
preschool intensity levels and mean students’ z-scores, for both tests and both surveys (Table 
A3). They are clearly underlined, except for Finland and Québec in 2015. Statistics for 2015 and 
2019 also show the presence of large gradients along the percentile distribution of scores as well 
as an extended bandwidth for the 75th and 25th percentile gaps. The percentile distribution of 
students' overall math and science z-scores by region, and parental education in Table A4 based 
on both surveys, reiterate the same basic trends of a continued rise of performance measures 
when parental education is higher. Finally, Tables A6 showing cross-jurisdiction differences in z-
scores between the lowest and the highest terciles of socioeconomic status, indicate sizeable 
gradients in students’ math and science skills attached to parental occupation levels, computed 
in weighted terciles. For math and science, z-scores attainments unfold as if parental backgrounds 
take over more influence that preschool attendance intensity, abstracting from the impacts of 
schools through ignorance of current quality (even though the information described by 
students’ teachers on their qualifications, experience, and teaching methods). 
 
5. Empirical modelling strategy 
 5.1 Causality and multivalued treatment Critical challenge, to evaluate treatment 
effects, is to avoid the recurrent problem of endogeneity. Because of the fundamental problem 
of causal inference, unit-level causal effects cannot be directly observed. Strategies adopting 
more complex econometric strategies, with a diversity of plausible counterfactuals, can help 

 
12 In these jurisdictions, the same students were participants in the PIRLS and TIMSS 2011 surveys. 
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identify causal relationships. To catch up a dearth of studies on the longer-term effects of pre-K, 
Cascio (2021) suggests using credible identifying variation in the proposed mechanism itself of 
interventions to later-life well-being. Cordero, Cristóbal, and Santín (2018) provide a similar 
overview of the challenge using quasi experimental techniques applied to three international 
large-scale comparative education assessments, PISA, PIRLS, and TIMSS, over the period 2004-
2016. However, exogenous variations in databases have to be identified in order to apply causal 
inference techniques. 
 Most papers examining childcare reforms focus on intention-to-treat effects, partly because 
information on individual childcare attendance duration is unavailable (see, e.g., Baker, Gruber, 
and Milligan 2008; Lefebvre and Merrigan 2008; Havnes and Mogstad 2011, 2015; Felfe, 
Nollenberger, and Rodriguez-Planas 2015).13 Without information on individual treatment status, 
however, it is impossible to determine whether heterogeneity in intention-to-treat effects is 
caused by the differential take-up of children or by heterogeneous responses to childcare 
attendance. For example, larger intention-to-treat effects at the bottom or middle part of the 
outcome distribution found by Havnes and Mogstad (2015) may either be produced by 
differences in childcare take up, or by differences in the impacts of uptake. 
 5.2 Multivalued treatment models Nonetheless, considering the uniqueness of the data 
sets on preschool duration for many countries, convincing type of modelling can be adopted. The 
fundamental pillar of the counterfactual theory of causation with respect to the estimation of 
treatment effects based on observational data was developed by Rubin (1974). Seminal work by 
Imbens (2000, 2004) and Lechner (2001) have subsequently given rise to several methods by 
extending Rosenbaum and Rubin’s (1983) propensity score framework for binary treatments to 
multivalued treatments. Uysal (2015), with Linden et al. (2016) generalize the Hirano and Imbens 
(2001) approach to binary treatment to multivalued treatment effects estimators. 
 Two types of estimation methods for treatment effects of preschool intensities are used. The 
first one is an inverse probability weighted regression adjustment estimator. This weighted least 
square doubly robust (WLS-DR) estimator, is a 3-steps estimation modeling: Step 1, uses a 
multinomial logit of preschool intensity choices by parents, which is function of the family 
context variables, for the treatment model; Step 2, calls a propensity score weighting by the 
inverse of the estimated probabilities that children receive a specific treatment out of three to 
correct for missing data on the potential outcomes; Step 3, ends with a weighted least squares 
doubly-robust estimates, which are function of the covariate variables and the preceding 
parameters, for the outcome(s) model. 
 The second method uses a one-step generalized method of moments (GMM) approach for the 
estimation of the outcomes equations using treatment assignment estimates and inverse 
probability of treatment weighting (IPTW) regression adjusted (RA). As for WLS-DR, only one of 
the two estimations (treatment status, and outcomes) must be correctly specified for the IPTW-

 
13 In Haeck, Lefebvre, and Merrigan (2015) the estimates of the impact of Québec’s low-fee policy are based on 
hours in formal subsidized childcare for a series of young children cohorts and number of weeks worked by the 
mothers who mostly use subsidized formal childcare. 
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RA estimator to be consistent. Estimates based on this approach conducted using Stata version 
16.0 are too similar with those from WLS-DR to be presented separately.14 The two main 
assumptions of both approaches, supposed respected, are weak un-confoundedness in the 
choice of covariates selected for inclusion in both the treatment and outcomes equations, and 
sufficient overlap. 
 The Jackknife Repeated Replication (JRR) procedure to estimate sampling variances was 
chosen because it is computationally straightforward and provides approximately unbiased 
estimates of the sampling variances of regression coefficients and sampling errors of means, 
totals, and percentages. JRR incorporates in its repeated draws of subsamples, the stratification 
of schools and the clustering of students within schools. Students’ scores are presented with five 
plausible values. To use ‘correctly’ these values, the survey organizers suggest that one should 
follow a version of ‘Rubin’s rules’ for handling multiple imputations (OECD 2009; Rubin 1987).15 
 5.3 Counterfactuals and Average treatment of the treated (ATETs)  When a treatment is 
binary, each person in a selected sample could either “receive the treatment” or “did not 
participate or receive the treatment”, which opens up for observational data a variety of 
counterfactual frameworks such as the quasi experimental techniques mentioned above as a 
replication. The causal effect of such a course could very well differ from person to person (this is 
referred to as treatment heterogeneity). When quantitative measures vary across observational 
units a canonical summary statistic is the average. The Average Treatment Effect (ATE) is simply 
the average of the individual treatment effects of the population under consideration. A simple 
counterfactual is the Average Treatment Effect of the Treated (ATET), the average of the 
individual treatment effects of those treated (hence a subsample of the control group). 
 Multivalued treatments refer to a world in which each person may receive one of several 
different treatments or else not receive any of them. The concern in this case is to know how 
effective each of those programs relative adjacent treatments (including not participating). In our 
setting, before entering Grade 1, a child could have attended three different intensity of 
preschool educational care: (a) no attendance at all or for a few months to 1 year, the low level 
(or L); (b) for more than 1 year but less than 3, the middle-level (or M); and (c) for 3 years or 
more, the high level (or H). The high duration level of attendance (“services”) implies that a child 
has been cared for by someone else’s home or at home, most of the time.  
 The effects of randomly assigning a person with observed family and child characteristics X to 
each undertaking, defined as the average treatment effect (ATE) can be easily computed for each 

 
14 Linden et al. (2016), in a Monte Carlo study, examine the performance of a ‘doubly-robust’ estimator (WLS-DR) 
that models the treatment assignment and the outcome variable within the same framework using an inverse 
probability of treatment weighting (IPTW) combined with a conventional regression adjustment (IPTW-RA). The 
relative efficiency of commonly used regression-based methods, where multivalued treatment effects are estimated 
with the un-confoundedness assumption in pretest–posttest studies, was similar. 
15 This procedure can be divided into two steps: Step 1: Estimate the statistic/model of interest five times, using each 
of the plausible values. This will generate five separate parameter estimates (𝛽𝑝𝑣) and five estimates of the 
sampling error (𝜎𝑝𝑣). Step 2: To produce the final parameter and sampling error estimates, take the average of the 
five estimates produced in step 1. Note that the JRR weights are also applied whenever the model is estimated. 



25 
 

of the three treatment groups. Though, we would rather know how much the high (or middle) 
treatment increases scores among the children who actually have received a low-service (or 
middle) level. To answer that question, we must examine the average treatment effect among 
the treated (ATET) rather than the ATE.  
 Defining the concept of ATET is more complicated. Multivalued treatments increase the 
number of parameters that must be estimated and makes the notation more elaborated and 
their interpretation less direct. First, the control groups (L, M, and H) to be considered as the 
basis for a binary comparison (Middle versus Low; High versus Low; High versus Middle) must be 
specified. Second to compute the ATETs, we must specify two treatment levels: (i) the actual or 
observed treatment level received by the subjects we are interested; and, (ii) the predicted 
treatment level for subjects who do not attend the treatment level we want to compare them 
with.  
 More formally: 

1. For the entire group of children, the ATEs are  𝑇!" = 𝐸$𝑦#! − 𝑦#"', 𝑗, 𝑘 = {𝐿	,𝑀,𝐻}, 
where 𝑦#!  and 𝑦#" are the observed or predicted scores of child i given  

2. For the sub-group of children whose parent chose the attendance level j, the preschool 
attendance levels are j and k respectively. The ATETs are 𝑇!"|! = 𝐸1$𝑦#! − 𝑦#"'|𝐴# = 𝑗4,
𝑗, 𝑘 = {𝐿,𝑀,𝐻}, where the observed score are 𝑦#!  the predicted scores of child i given the 
preschool attendance levels j and k respectively and 𝑦#" the attendance level observed. 

3. Finally, for the sub-group of children whose parents chose the attendance level k, the 
ATETs are 𝑇!"|" = 𝐸1$𝑦#! − 𝑦#"'|𝐴# = 𝑘4, 𝑗, 𝑘 = {𝐿,𝑀,𝐻}, where the predicted scores 𝑦#!  
are, and 𝑦#" the observed scores of child i given the preschool attendance levels j and k 
respectively and 𝐴#  is the attendance level observed. 

 
 Among the many ATETs possible, our attention will be focused on: (1) the effects on children’s 
scores of parents choosing the middle instead of the lower level of preschool attendance for 
children whose parents chose the middle (TML|M) or the lower (TML|L) level; (2) the effects of 
choosing the higher instead of the lower level of preschool attendance for children whose 
parents chose the higher (THL|H) or the lower (THL|L) level; and finally (3) the effects of choosing 
the higher instead of the middle level of preschool attendance for children whose parents chose 
the higher (THM|H) or the middle (THM|M) level 
 There are two components for the ATETs: the selection bias (i.e., the mean bias of selection on 
observed characteristics in the absence of attending a higher duration) and the sorting gain (i.e., 
the average additional duration gain for students who attend a higher duration relative to that 
for students who do not attend such a duration. Some changes in estimated effects presented in 
the next section are more pronounced for the comparison of higher levels with small (no or small 
duration treatment). For example, if T21|2 is greater than T21|1, the treatment effect is “efficient” 
in terms of the enrollment of children to the particular treatment level 2, that is, the children 
who would gain more for the treatment level 2 if enrolled in this childcare service. The difference 
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between T21|2 and T21|1 is the sorting ‘gain’ (Heckman and Li 2004). Considering treatment 2 as a 
return over treatment 1 (low childcare intensity), positive sorting gains would imply that the 
children who would benefit more from a higher childcare intensity, are cared appropriately when 
cared more in preschool institution. Meanwhile, negative sorting gains would indicate that there 
may be children with a lower level of childcare, who could have benefited from a higher duration 
of childcare. All possible pairwise comparisons for the three levels of preschool childcare are 
considered. 
 
6. Average treatment effects of the treated (ATET) 
 Table 2 presents average treatment effects of the treated, regrouping jurisdiction by 
geography, tests z-scores (reading, math, science), and survey-year. The changes in the 
treatment levels are M (middle) versus L (low) (TML), H (high) versus L (low) (THL), and H (high) 
versus M (middle) (THM), estimated for each control group of children whose duration of 
preschool attendance corresponds to one of the treatments compared. The reported estimates 
tests changes are measured in units of standard deviation (referred to as SD units). Besides the 
standard errors, the levels of significance of the estimates are reported based on p-values whose 
calculation takes the clustering of children within schools into account. Estimations are 
conducted with annual survey data for each jurisdiction. 
  To increase the accuracy of estimations, pooled samples over the years were also used 
whenever allowed by pooling tests. In the specification of the model estimated with WLS-DR, 
coefficients measuring treatment effects interacted with time dummies to capture their changes 
over time. 
 Before discussing the results for specific test scores, and in the following section for other 
duration specifications, two general observations can be formulated. First, there are a large 
number of estimated treatment effects with a plurality not significant. This is not surprising 
considering the diversity of achievements and expanse years of survey. When significant, the 
effects are in general for reading and science. As expected, most effects are positive but some 
are negative and significant, especially for the older surveys and the lower duration. They are 
larger when associated with longer childcare durations. A second consideration is that 
proportions of children enrolled in childcare before entering Grade 1 and, consequently, average 
duration of childcare, have increased over the years for all jurisdictions. Thus, estimating the 
impact of childcare duration on test scores without taking the endogeneity of this variable into 
account, as the models do, would possibly induce an omitted ''family-ability bias'' since families 
where parental education and/or occupational status is higher take more advantage of childcare. 
Also, this decreases the gaps between the intensities of preschool across children over the top 
and the bottom range of social class, as shown in the descriptive statistics. 
6.1 Reading ATETs 2006, 2011, and 2016 
6.1.1 Denmark, Finland, Norway, Sweden 
 The reading ATETs estimates of first jurisdiction presented in Table 2 are for Denmark 
students who have very good scores in reading over the years (Table 1). These children were 
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enrolled intensively and increasingly in childcare. Treatment effects estimated with pooled data 
are strongly positive and significant (0.22-0.11 SD for THM and 0.39-0.32 SD for THL). Moreover, 
since TML and THM must add up roughly to THL, the estimated treatment effects of TML (0.19-
0.13 SD), although not significant, are highly credible. However, treatment effects estimated with 
data for 2006 are mostly negative and significant, except for the higher duration versus the 
middle. 
 Finnish students also have high achievement results in reading, and when younger were 
enrolled very moderately in terms of childcare intensities. Estimated treatments TML and THL are 
significantly negative (−0.10 to −0.07 SD) suggesting that long enrollment in childcare does not 
generate gains in this country. Pooled effect for higher duration versus the middle does not 
indicate is not significant. 
 Norway students deserve special attention insofar as students in Grade 4 are on average one 
year younger than students in all other regions selected for the study, and have lower z-scores. 
Norway suggests that Grade 5 students should be compared with the other countries’ Grade 4 
students. But on average, students in Grade 5 have higher scores than all the other countries’ 
Grade 4 students. As children, they attend childcare rather intensively, but the estimates do not 
capture its effects over the years, except for treatment THM (0.17-0.08 SD) when measured with 
pooled data. 
 Swedish students are much similar in terms of reading achievement and childcare patterns 
over the years. Significant treatment effects are measured, over the years and with pooled data, 
for THM (0.08-0.07 SD) and THL (0.16-0.13 SD). Attending childcare between one and three years 
instead of one year or less has no effect on z-scores except for children with the lowest level of 
attendance when measured with pooled data (2006-2016). 
6.1.2 Flemish Belgium, French Belgium, France 
 These three jurisdictions appear to have developed similar programs of educational childcare. 
While the two Belgian regions have observable differences in achievement in reading (z-scores), 
their enrollment childcare intensities are quite similar with 95 % and 98 % of children attending 
childcare for 3 years or more in Flemish and French Belgium respectively. 
 For Flemish students, very significant treatment effects are for THM estimated between 
(0.09−0.14 SD), and (0.14−0.30 SD) for THL. French Belgium has very low achievement scores 
compared to other jurisdictions and the rather intensive childcare duration over the years does 
result in robust treatment effects for THM (0.11-0.11 SD), and a large effect of (0.26 SD) for THL|L in 
year 2016. 
 France is probably the country who has extended more over the years the scope of junior-
kindergarten, since 2019 all 3-year-olds should be enrolled in a school. Moreover, a large 
proportion of students have parents with low levels of education and/or socioeconomic status. 
On average, students have low z-scores, even though children do attend intensively preschool 
childcare. Very few estimates are significant, except for treatments THM (0.08-0.08 SD) in 2006, 
TML (0.13 SD) and THL (0.22-0.20 SD) in 2016. 
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6.1.3 Ontario, Québec 
 The two Canadian provinces have trends similar to those in Finland relatively to preschool 
childcare attendance, and z-scores comparable with Nordic countries, except Norway’s 4th 
graders. Out of the nine jurisdictions considered, Ontario is the region with the highest 
proportion of children not attending preschool or with the lowest duration of preschool 
education. But the only Canadian province with a half-day junior-kindergarten –for children aged 
4 years - in a public school setting. Estimates of treatment effects are generally insignificant 
except for TML (0-10-0.12 SD) and THL (0.12-0.13 SD) in 2011, and with the 2011-2016 pooled 
data. 
 Québec data is often used in the research literature because of a public program introduced 
gradually in 1998 with a very low full-time and full-year childcare fee for 0-4-year-olds not in 
kindergarten. Childcare enrollment surged with concomitantly large increases in mothers’ labor 
force participation, but with rather negative impacts on children development indicators and 
parental well-being. Significant positive treatment effects are estimated for THM (0.17 SD) and THL 
(0.10-0.14 SD) with 2011 and pooled data. 
 In summary, treatments effects are more significant in the latest surveys, in particular the 
higher duration compared to the low and middle ones. Moreover most of the time there is a sorting 
‘gain’ when comparing positive significant effect between predicted and observed score for a 
specific level. 
6.2 Math and science ATETs 2015, and 2019 
 With the TIMSS surveys, the estimations can evaluate the impact of preschool duration on the 
math and science z-scores. Results are presented in the second and third panels of Table 2 for 
participating jurisdictions in 2015 and 2019. Again a large number of treatment effect parameters 
are estimated. It is not surprising that many of them are not significant if the main influence to 
acquire an open mind on numeracy and early awakening to science topics comes from parental 
preschool activities (a control in the estimations) rather than attendance to preschool childcare. 
Nevertheless, there are large significant effects (0.20-0.40 SD) of attending a higher rather than a 
lower level of preschool duration (THL) are noticeable in math and science for Denmark, Flemish 
Belgium, and France and science for Sweden. In addition, a high instead of a medium level of 
preschool attendance (THM) results in increases of 0.15-0.25 SD in z-scores for students in science 
in Denmark, and math and science in Flemish Belgium. It is the latest survey (and pooled surveys) 
that conduct to rather larger effects that for the reading achievement. This may also reflect that 
more intensive preschool activities offer very different exposition than those associated with the 
reading achievements the main parental domain. As for results on reading for Finland, longer 
enrollment (TML and THL) leads to negative significant treatment effects. The disparities of 
estimates among regions may reveal that preschool is not an organization that prepares the 
children well to these subjects, and that schools perform differently among regions on math and 
science subjects. 
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7. Sensibility of ATETs to alternative durations of preschool 2015, 2016, and 2019 
 The categories of preschool duration proposed in the parental questionnaire by the surveys 
have changed over time, with the addition of a 4-year preschool enrollment for the 2015 and 
2019 (TIMSS) and the 2016 (PIRLS) surveys. These changes reflect policies expansion of public 
policy in favor of formal childcare. They are also in phases with social behaviors related to 
parental socioeconomic status documented in Tables A1-A6 over the years. Estimates were 
conducted with two other segmentation intensities from the parental responses on preschool 
duration in years to analyze the sensibility of treatment effects to alternative specifications of 
preschool durations. In particular, the small number of children in the low duration category for 
many regions may have significantly impacted the estimates presented in the preceding section 
by increasing the standard errors of the estimated coefficients. The three specifications of the 
preschool duration variables are D1 (results of Table 2), and in Table 3 with the results for D2 and 
D3 by survey year are: 
 
 Table 2 D1: (2006-2016|2015-2019) (1) 0 ≤ D ≤ 1; (2) 1 < D < 3; (3) D ≥ 3; 
 Table 3 D2: (2015-2016-2019):   (1) 0 ≤ D ≤ 2; (2) D = 3; (3) D ≥ 4; 
 Table 3 D3: (2015-2016-2019):   (1) 0 ≤ D ≤ 1; (2) 1 < D ≤ 3; (3) D ≥ 4. 
 
 In the D2 specification, the number of children increases in the lower category of preschool 
years (with a 2 years or less duration) and is reduced in the higher duration category now 4 years 
of more; while in the D3 specification, the number of children is kept unchanged in the first 
category (duration 1 year or less), is raised with a duration more than 1 year and less or equal to 
3 years, and the number is reduced in the last one with 4 years or more. Estimated treatments 
effects are presented in Table 3 for PIRLS and TIMSS surveys.      
 For reading estimates, Finland is again an exception with significant negative treatment 
coefficients but only for the D3 segmentation which is very similar to the D1. For most 
jurisdictions, except for Ontario for all treatments and both segmentations (D2 and D3), and 
Québec with significant coefficients only for treatment T3|T1 with D2 and D3, treatment 
coefficients are positive and significant, many times for both specified durations (D2 and D3). 
There are some differences of significance between jurisdictions relatively to T2, T3, and T3 
versus T1 and T2. For France and Flemish Belgium, the estimates generally indicate strong effects 
for all treatments (T2|T1, T3|T1, and T3|T2) and both enrollment segmentation (D2 and D3), 
except for one Flemish Belgium estimate (D3 and T2|T1). 
 For reading estimates, as seen by comparing Tables 2 with Table 3, the changes to the 
specification of preschool attendance durations generally result in a reduction, often significant, 
of standard deviations of estimated coefficients and thus, an increase in the accuracy of 
estimated treatment effects. A high level of preschool attendance rather than a low level (THL) 
results in increases in z-scores which are relatively large (0.25-0.35 SD) for students in Denmark 
and France, and lower (0.10-0.20 SD), but significant, for students in Sweden, Flemish Belgium 
and Québec. For students in Denmark, Norway, Flemish Belgium and France, a high instead of 
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medium level of preschool attendance (THM) is associated with increases of 0.08-0.15 SD in z-
scores. Finally, a medium level of preschool duration rather than a lower one (TML) results in 
increases of 0.12-0.20 SD in z-scores in Sweden, Flemish Belgium and France. As in Table 2, for 
Finnish students, treatment effects TML and THL are negative and significant for specification D3 
only.  

The treatment effect estimates for math and science, with specifications duration D2 and D3 
presented in Table 3, lead to similar results by region. Significant effects are generated for 
Denmark, Flemish Belgium, and France: 0.15-0.30 SD for THL and 0.08-0.15 SD for THM. In addition, 
treatment effects THM become significant at that same level for math and science in Norway and 
math in Québec. Finland has again many negative significant coefficients associated with 
treatments TML and THL, and positive but not significant effects for treatment THM, for both math 
and science. The jurisdictions who have implemented more structured childcare systems 
(Denmark, Belgium, France, and Québec) present more associated positive effects. 

In summary, the D2 and D3 duration specifications reflecting changes introduced in the 
surveys since 2015 may convey better the experience and choices of parent for their child 
preschool participation.  

 
8.	Average	treatment	effect	by	program	types	
 For the PIRLS 2015 and TIMSS 2016 and 2019 surveys, the preschool enrollment questions 
were changed significantly, introducing explicitly age at enrollment, and implicitly a distinction 
between formal childcare and preschool. Two choices were offered in the questionnaire with a 
reformulated question on duration: Did your child attend the following before first grade?  
 A. Early childhood educational program or center for children under age 3 (Yes/No);  
 B. Pre-primary educational program for children aged 3 or older, including kindergarten  
  (Yes/No); 
 C. Approximately how long (in years) was your child in these programs altogether?  
 These participation variables have measurement errors, because the “educational” 
qualification in the question may have confused parents relatively to their past childcare choices. 
Many parents declared that their child did not participate in any program or did not know if she 
did, but also responded nonetheless that their child attended preschool within the duration 
range of less than 1 year to 4 years or more. Also, some parents declared that their child 
participated in only one program and responded for the duration question “more than 3 or 4 
years”, which is inconsistent unless the child was cared for at home. The frequencies of children 
who attended two programs (for those aged less than 3 years and for the 3-year-olds or more), 
observed in the TIMSS 2015, 2015, and PIRLS 2016 surveys are rather high in all regions as show 
in the last panels of Tables D1 and D2 in section 3.  
 The new information introduced in the latest surveys allows for the construction of preschool 
program participation categories by type, and to analyze another dimension of heterogeneity. 
Following a four categories classification, the analysis of participation in preschool to one or two 
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educational programs is geared to the age of children rather than duration. Thus, a second 
treatment variable was created with four categories:  
 1. Child did not participate to any program (T1=No). 
 2. Child participated only in an early age childcare program (T2=Early) (could be during 4 years 
  or more).  
 3. Child participated only in a late program (T3=Late).  
 4. Child participated to both types of programs (T4=Both).  
 Missing responses for questions on the types of program are higher than for checkboxes on 
duration, with some incoherence in the answers: responses with some (or many) years of 
attendance, and “child did not participate in the program” identified, or missing participation 
responses. The formulation of the question, as “enrolled in an early childhood educational 
program or center for children” may have confused some parents. A large majority of children 
participated in both programs. See statistics in last panel of Tables D1-D2. 
 Using the same control variables (described in section 3) as in section 6, only average 
treatment effects (ATE) are estimated to characterize the two types of programs, and to qualify 
the impact of using both programs compared to one and with overall years of enrollment in all 
programs. Table 4 presents treatment estimation results by region for reading (2016) and 
math/science (2015 and 2019) respectively, with pooling estimates for 2015-2019. The ATEs in 
Table 4 presents six ATE estimates to compare the effects of both programs, combination of 
both, and no participation in any program: T2early|T1no, T3late|T1no, T4both|T1no, 
T3late|T2early, T4both|T2early, and T4both|T3late. 
 Expecting that participation in both preschool programs would be higher compared to no 
participation, and that participation in a program for older children, a new added category, which 
may be more oriented toward educational development, the following ordering could potentially 
be observed in the estimates: 
 
 Ranking 1: Both program/No (T4|T1) > Late program/No (T3|T1) > Early program/No (T2|T1); 

Ranking 2: Both program/Late program (T4|T3) > Both program/Early program (T4|T2) >  
  Late program/Early program (T3|T2) 

 
 Table 4 shows16 such rankings with significant effects, but the estimates are not systematic 
across regions. France, Ontario and Québec indicate positive, rather increasing, responses 
relatively to no participation in preschool programs. Norway, Sweden, France, and Flemish 
Belgium have significant treatment effects (Both/Early, Both/Late) showing that being enrolled in 
two programs is associated with higher z-scores rather than having been registered on one of the 
other program. One estimate for Ontario is interesting because early kindergarten (age 4) and 
kindergarten (age 5) were offered in public school till 2015-2016 (but only for half-day during 
school year and full-time since). France shows similar significant results for long junior 

 
16 For Denmark, estimates were not convergent because of the very low percentage of children is the two categories 
no and early program, while numbers are very high for the category both programs. 
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kindergarten (Late/No, Both/No), and so does Québec, the only province along with New-
Brunswick and Nova Scotia offering full-time kindergarten since 1998. One shortcoming of the 
estimates is the blurry response on programs participation by parents. 
 Results for TIMSS 2015, 2019 and the pooling of years on programs participation ATEs effects 
presented in Table 4 indicate that treatment effects which are positive and significant are more 
generalized for all jurisdictions including, with the exception of Ontario and Québec. Notably, the 
effects T4|T1 > T3|T1, T4|T2 > T3|T2, and the large T4|2 impacts, seem to capture more the 
influence of European programs, as they seem to better function than the results presented 
relatively to reading z-scores. 
 
9. Difference in treatment effects by parental education 
 Why do estimates of duration treatment effects present such a fragmented picture (e.g. 
changes of sign from one survey to another) even when the data from latest survey or pooled 
years characterize preschool duration? One technical explanation is to invoke that the hypothesis 
of confoundedness is not satisfied. This is difficult to prove considered the large diversity of 
jurisdictions and data sets. Another avenue is to explore if treatment effects differ with the 
parental education levels that is they are heterogeneous in function of education. Table 5 
presents average multivalued treatments effects of treated (ATET) estimates of three parental 
education’s levels on reading z-scores, by jurisdiction and years pooling (2011 and 2016), using a 
WLS-DR-ordered logit.17 
 Treatment effects change with parental education levels. In general they are significant only 
for children belonging to only one education level. For Finland, children whose parental 
education is high, the TML and THL are negative and significant. For Denmark, the effects TML and 
THL are positive and significant only for children whose parental education is low. For Ontario the 
effects TML and THL are positive and significant only for children of parents with a low education 
level. For Québec, for children of parents with the lower education level, the effects TML are 
positive and marginally significant; while those with parents in the higher education level have 
treatment effects TML et THL which are positive and significant. 

  Over the years, in every region selected, preschool enrollment has increased, and so has 
duration. Results indicate heterogeneity in intention-to-treat effects caused by the differential 
take-up of children and heterogeneous responses to childcare attendance.18 The differences in 
childcare attendance by duration in terms of parental education levels are presented in Table 
A1.5 for each survey, except TIMSS 2011. We note that for PIRLS 2006, in several jurisdictions, 
the largest proportion of children with low levels of childcare attendance came from a privileged 

 
17 Estimations were also conducted for the math and science for 2015-2019. They show similar trends but reported 
less pronounced changes related to education. 
18 Abstracting from very recent research with data-driven methods proposals to estimate treatment effects for 
subpopulations, the sparse research on heterogeneity in returns to childcare typically focuses on treatment 
heterogeneity in observed characteristics, or estimates quantile treatment effects (QTE) rather than marginal 
treatment effects. 
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family environment with highly educated parents instead of a disadvantaged family with a low 
level of parental education but more potential benefits from attending quality childcare. With 
the exceptions of Belgium and France, children with a high level of preschool duration came 
predominantly from families with highly educated parents. In PIRLS 2016, children in the higher 
duration category have parents with a high education level while children in the lower duration 
category have a higher proportion, compared with 2006, of poorly educated parents. However, 
when comparing years 2006 and 2016, the number of children in the low preschool group has 
decreased significantly. These trends reflect the changing childcare environment in the selected 
countries. They may account for some negative treatment effects (M versus L, H versus L) in 2006 
and positive but insignificant treatment impacts (H versus L, H versus M) in later years. The 
interpretation of the estimated treatment effects over time is made more complex by the fact 
that the quality of childcare services received by children has changed regardless of their 
duration, that the parents’ education level has increased and the number of children with higher 
resistance to early childcare enrollment coming from a disadvantaged family has decreased. 
 
10. Social status gradients versus preschool duration gradient  
 A socioeconomic gradient describes the relationship between a social outcome and the social 
status of individuals in a specific community. Usually, simple socioeconomic gradients are 
presented with three components: their level, slope, and the strength of the outcome-status 
relationship. In two Appendix of Figures (I for reading z-scores in PIRLS 2016 survey; II the other 
for math z-scores in the TIMSS 2019), for each jurisdiction and two outcomes reading or math19, 
four simple socioeconomic gradients slopes, estimated by an OLS estimation, are illustrated. 
Levels and slopes are depicted in a straightforward manner in the Figures, where the z-scores are 
associated three variables measuring social status and the preschool duration in years, where all 
variables are standardized with a mean of 0 and a standard deviation of 1. 
 Social status is defined by (see Tables B and C): 1. Number of parental education years (8 
categories from 6 to 21). 2. Parental occupational socioeconomic index (11 categories from 22 to 
73). 3. Home learning resources scale (from 5.7 to 14.8) combines data reported by students and 
their parents. This last scale is computed by the surveys statisticians who combine parents 
education years and occupations, number of children and parents books amount in home (5 
categories), and computer-tablet with internet connection. Preschool duration is coded in 6 
categories from 0 year to 4 or more years, for non-missing parental responses. The OLS estimates 
of the z-scores are conducted separately for each of the four estimators, with very few strictly 
exogenous covariates: students’ sex, age in months, and home language if different from the test 
(or immigration status if available). All Figures present at the bottom the estimated coefficients, 
their standard errors and t-statistics. For estimations, standard errors are clustered by students’ 
school identification, controlling for the survey sampling design of schools. 

 
19 To save space, Figures for science are too similar to math to be presented. 
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 Estimated as well as observed standardized z-scores are 0 on average. Estimated gradients 
slopes are statistically significant at around 0.15-0.35 (p < 0.01). Thus, students (with a mean 
value of the z-score) have their score increased by about 0.20-0.30 standard deviation for each 
increase of one standard deviation in the status index. In general, the parental years of education 
gradients are higher for most jurisdictions, while the occupational gradients are less steep. The 
home learning resources scale – likely a nearer marker of family income – is the steepest 
gradient. The duration gradients are much flatter than the three others and are flat in many 
cases. The z-scores for math (science is not presented here being too similar) have generally the 
same shape as for reading z-scores. 
 
	11. Discussion, weaknesses, and policy implications 
 It is well documented that students’ socio-economic background is a strong predictor for 
learning outcomes. However, there is more uncertainty about how these background factors 
should be measured and how different types of measures and analytical methods influence the 
results. Another discussion related to social background is how comparable countries’ (or 
jurisdiction in the same country, e.g. Ontario and Québec in Canada, Flemish and French 
Belgium) differences can be explained. A further important and necessary topic, arising from 
large-scale outcomes assessments of education, is how to improve education to achieve 
important educational goals, and to secure equity and inclusion for all. The analysis navigated 
through these challenging issues exploiting the unique rich and simultaneous information made 
available by the PIRLS and TIMSS multiyear surveys on Grade 4 students. These jurisdictions - 
countries and provinces - are diverse culturally, by their history, their policies, their economic 
environment, their parental background (education and occupation), with fairly desegregated 
enrollment of preschool or parental preschool involvement in literacy and numeracy activities. 
But, they are characterized with rather similar economic environment, pro-family policies, and 
valued education systems. 
 Our findings based on modelling treatment as an ordered choice of attending childcare - for 
either 1 year or less, between 1 and 3 years or 3 years and more rather than as a binary decision 
(e.g. home-care versus center-care) - does not neatly reconcile the seemingly contradictory 
results of positive effects for programs targeting disadvantaged children but more mixed effects 
for pre-school universal programs. Sooner and longer preschool educational attendance (as 
measured by number of years), does not appear to clearly yield strong individual and societal 
benefits (measured by test scores and score gaps) after children are observed at ages 9-10 in 
Grade 4. 
 Some explanations can be given regarding the mixed results on length of preschool 
attendance and its returns to skills. One relates to the framework used. To calculate impacts, 
early and more traditional childhood education research often compares a group of children who 
receives the intervention of interest to a group of children who receives home care (‘no 
treatment’) or in different care settings [see Casio 2021]. But often, non-random selection 
characterizes the enrollment of persons in a program which must be controlled, which could 
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raise heterogeneity in gains depending on treatment decision. The multivalued framework allows 
estimating the distribution of treatment effects in the population more fully. In this paper, 
estimated differential impacts of early childhood intervention before Grade 1 for various 
durations of preschool attendance were supported by data from multiple PIRLS and TIMSS large 
scale international surveys on test scores in Grade 4. 
 Over the years, in every jurisdiction selected, enrollment has increased, and so has duration. 
Results indicate heterogeneity in intention-to-treat effects caused by the differential take-up of 
children (partly liked to parental education), and also by heterogeneous responses to child care 
attendance.20 These differences in childcare take-up and simultaneously in the impacts of uptake 
can be illustrated by the statistics in Table A1.5 where percentage distributions of parental 
education are tabulated by preschool years, for survey years. In 2006, for a few jurisdictions (e.g. 
Denmark) more high education parents are potentially assigned (by the model) in the low 
preschool category than the low education parents group, the latter usually form a more 
disadvantaged family background with potentially with more benefits if attending quality 
childcare. From 2006 to 2016, in all jurisdictions, we generally observe a large decrease in the 
proportion of children with a low preschool duration whose parents have a low education status. 
And, as expected, children assigned in the high preschool duration category, with a few 
exceptions, have predominantly highly educated parents. The constant general increase in 
education of families with younger children probably mirrors this. 
 These trends reflect the changing childcare environment in the selected jurisdictions. They 
may account for some of the negative ATETs treatments (2 versus 1; and 3 versus 1) ATETs in 
2006; and the positive but not significant ATETs (3 versus 2 or 3 versus 1) treatment impacts in 
later years. The control groups (low and medium childcare intensities) may have shifted many 
students between different sorts of preschools without altering their exposure to preschool 
services. While at the same time, the educational level of parents has increased (see descriptive 
statistics in the Appendix Tables), and the number children with higher resistance to early child 
care enrollment coming from a disadvantaged family background have decreased. 
 Other aspects of the analysis could have weakened and diluted the treatment effects. 
Depending on year and jurisdiction, a varying number of parents did not reply to the 
questionnaire, which generated blank information on vital data (education, occupations, ECE 
enrollment and duration) which could be not imputed.21 Un-confoundedness (omitted non-
observable variables affecting both probabilities of treatments and score tests) could be at stake 
here. In particular, observed parental education and SES status variables may not capture 
completely parental decisions of preschool enrollment duration. Controlling for the selection into 

 
20 Abstracting from very recent research with data-driven methods proposals to estimate treatment effects for 
subpopulations, the sparse research on heterogeneity in returns to childcare typically focuses on treatment 
heterogeneity in observed characteristics, or estimates quantile treatment effects (QTE) rather than marginal 
treatment effects. 
21 An imputation exercise relying on chained equations to predict some less strategic missing parental variables did 
not seem to affect results significantly. 
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childcare may be crucial. Estimations that do take these selection issues into account may 
produce completely opposite results compared to estimations that do not (as illustrated by 
studies, mentioned in the literature survey, based on marginal treatment effect recent estimates 
in Germany and Norway). Nonetheless the paper’s estimation model takes treatment duration 
into account with controls. But expansion of ECE policies over years, such as fees, spaces offering, 
and their perceived quality by parent, weight on selection decisions,22 and those influence 
estimated treatment effect parameters. Parents must apply for care, and must be able to secure 
a space. Childcare research identify that a rationing mechanism is in place in almost every 
countries. Variations in preschool (and school) composition, quality peers and K-4 teachers, three 
factors which would tend to reinforce pre-existing inequalities in children’s abilities, could not be 
controlled for in this study. In fact, there is evidence that children from disadvantaged 
backgrounds attend lower quality childcare and schools. 
 Beside extensions (see conclusion section) to tackle some of the weaknesses just identified, 
results can motivate two policies to generate greater equality of opportunity, that is, literacy-
numeracy abilities before/at school onsets, and in early grades. Firstly, programs dedicated to 
enhance “good parenting behaviors” have been shown to improve the long-term success of 
disadvantaged children by promoting healthy maternal behaviors and by fostering parenting 
skills. For example, Nurse-Family Partnership programs provide home visits with nurses to 
disadvantaged, first-time mothers, from pregnancy until two years after birth. Secondly, quality 
and efficiency of teachers, principals and schools, is the other pathway to effective literacy, 
numeracy, social skills, and school graduation. 
 
12. Conclusion 
 Introduction and expansions of universal ECE programs, rather than targeted ones, have been 
recommended to level the playing field of skills achievement and school performance in early 
grades among young children from disadvantaged families. On the other hand, many advantaged 
families (see section 4 for statistical analysis), commend such programs, having high preference 
for universal childcare, generally with good quality, conducive to good developmental effects, 
and facilitating access to the labor market with long operating hours. Besides the offering of safe 
and low fees services, expansion enables to secure more easily a space, escaping whatever 
rationing mechanism in place. 
 This paper has investigated the pattern of selection into the duration of childcare attendance 
as well as its treatment effects on international scaled test scores at Grade 4, for many countries 
and two Canadian provinces, having such programs and rather large extensive family policies. 
General expansions of programs were observed from 2006 to 2019, and significant increases of 
participation and enrollment duration for the succeeding cohorts of preschool children. In most 

 
22 Decisions could be dictated by innate abilities or sex of children. Preliminary analysis by sex suggested not 
adopting this distinction. 



37 
 

of the selected sample of jurisdictions, participation into early childcare and number of years of 
attendance before Grade 1 is high and has increased in the last decade. 
 Using the multivalued treatment effects framework, results indicate positive average 
treatment effects on z-scores mostly for ATETHM and ATETHL with much heterogeneity across 
jurisdictions and years. Some effects are relatively high at around 0.2 to 0.3 standard deviations, 
although many are not statistically significant. Some ATETML and ATETHL are significantly negative, 
(in Finland and, marginally for Norway, and Denmark in PIRLS 2006) signaling resistance to 
treatment. 
 There is evidence of positive selection on observable gains coming from the fact that children 
with higher parental education are more likely to be selected into treatments with higher 
duration. That said, children with a less advantaged status coming from their parental education 
or occupation are enrolled in childcare for a smaller number of years and more likely after age 3. 
This evidence is more accentuated when the durations are transformed into preschool program 
type participation by ages. 
 Perhaps two lessons can be learned from this multi-country analysis. First, observable 
cognitive skills achievement near the end of primary school remain significant by socioeconomic 
gradients, in spite of major family policies to support children. Parental education proves to be a 
strong and largely inalterable channel through which school success is reproduced across 
generations. Second, the assertion that universal childcare reduces young children initial 
differences based on observable parental endowments, that is, their equalizing potential to 
lower social inequalities in educational achievement, is somewhat overstated from a policy 
perspective. Children of more educated parents have relatively less to gain from preschool 
attendance than the ones of low-educated parents, although they are more likely to be selected 
by parents for early childcare. Benefits may also be lower for children who have more involved 
parents, while parental involvement in pedagogical activities (see above), stimulating children’s 
abilities, are codetermined by parental education. There is a strong positive interaction between 
the two.  
 Further extensions to this analysis might prove very useful to determine preschool intensity of 
attendance. Some extensions of the analysis would be very useful for preschool intensities to 
know how it goes. Because of the two-three years pandemic context with schools and ECE 
closures, there no new surveys. The PISA 2021 survey was postponed to 2022 with results 
promised end of 2023, while the older PIRLS (2021) results are coming late 2023. New education 
achievements linked to post-pandemic environment will take time. A new TIMSS test is 
scheduled for 2023, a PIRLS for year 2026, and a PISA survey in 2025. 
 Examining the importance of teachers’ quality and their pedagogy/learning and teaching 
strategies, as well as students’ motivation and parents’ attitudes towards school and the learning 
process, based on the next data sets, would be important to understand their achievements in 
4th Grade. Further research is needed to tap into the reasons behind differential preschool 
benefits across nations.  
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Table 1: Percentile distribution of Grade 4 (with Grade 5 in Norway) students' overall international 
reading, math and science z-scores by selected jurisdiction, PIRLS 2006, 2011, 2016; TIMSS 2011, 2015, 
2019 
Statistics   Reading   Math Science  Math Science  Math Science 
    2006 2011 2016  2011  2015  2019 
  Denmark  Denmark 
N  3,317 3,904 3,024  3,987 3,987  3,218 3,218  1,867 1,867 
Mean  0.232 0.241 0.196  0.142 0,017  0.202 -0.002  0,138 0,067 
SD  1.013 0.941 0.948  1.035 1.020  1.051 0.966  0.947 0.899 
P10  -1.099 -1.017 -1.060  -1.190 -1.277  -1.160 -1.259  -1.111 -1.119 
P25  -0.357 -0.344 -0.364  -0.493 -0.609  -0.481 -0.613  -0.489 -0.490 
P50  0.341 0.311 0.274  0.190 0.063  0.247 0.045  0.146 0.091 
P75  0.917 0.895 0.846  0.837 0.716  0.927 0.655  0.804 0.688 
P90  1.430 1.379 1.330  1.416 1.265  1.519 1.181  1.321 1.182 
P75-P25   1.27 1.24 1.21   1.33 1.33  1.41 1.27  1.29 1.18 
  Finland   Finland 
N  NA 4,463 4,506  4,223 4,223  4,704 4,704  4,146 4,146 
Mean  NA 0.404 0.448  0.306 0.648  0.141 0.367  0.098 0.400 
SD  NA 0.932 0.919  0.972 0.916  0.941 0.906  1.002 0.929 
P10  NA -0.813 -0.703  -0.963 -0.531  -1.093 -0.794  -1.250 -0.807 
P25  NA -0.182 -0.117  -0.322 0.077  -0.461 -0.190  -0.528 -0.171 
P50  NA 0.442 0.505  0.356 0.694  0.188 0.411  0.127 0.445 
P75  NA 1.038 1.074  0.967 1.266  0.794 0.974  0.793 1.036 
P90  NA 1.559 1.569  1.523 1.771  1.319 1.485  1.373 1.526 
P75-P25   NA 1.22 1.19   1.29 1.19  1.26 1.16  1.32 1.21 
  Norway Grade 4   Norway Grade 4 
N  3,396 2,776 3,812  2,721 2,721  1,830 1,830  NA NA 
Mean  -0.498 -0.471 -0.236  -0.423 -0.334  -0.334 -0.318  NA NA 
SD  0.962 0.902 0.983  0.979 1.034  1.034 0.972  NA NA 
P10  -1.779 -1.650 -1.542  -1.709 -1.646  -1.646 -1.588  NA NA 
P25  -1.082 -1.057 -0.842  -1.052 -0.973  -0.973 -0.918  NA NA 
P50  -0.426 -0.414 -0.159  -0.387 -0.282  -0.282 -0.253  NA NA 
P75  0.169 0.154 0.442  0.250 0.357  0.357 0.352  NA NA 
P90  0.667 0.631 0.966  0.810 0.953  0.953 0.872  NA NA 
P75-P25   1.25 1.21 1.28   1.30 1.33  1.33 1.27  NA NA 
  Norway Grade 5   Norway Grade 5 
N  NA NA 3,808  NA NA  1,814 1,814  2,331 2,331 
Mean  NA NA 0.304  NA NA  0.465 0.289  0.301 0.252 
SD  NA NA 0.931  NA NA  0.990 0.882  0.991 0.937 
P10  NA NA -0.925  NA NA  -0.787 -0.857  -1.032 -0.967 
P25  NA NA -0.291  NA NA  -0.164 -0.245  -0.343 -0.319 
P50  NA NA 0.343  NA NA  0.510 0.320  0.369 0.340 
P75  NA NA 0.928  NA NA  1.133 0.883  1.003 0.927 
P90  NA NA 1.443  NA NA  1.635 1.435  1.522 1.383 
P75-P25   NA NA 1.22   NA NA  1.33 1.33  1.35 1.25 
See Notes and Sources at Table 1: End.  
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Table 1: Continued 
Statistics   Reading   Math Science  Math Science  Math Science 
    2006 2011 2016  2011  2015  2019 
  Sweden  Sweden 
N  3,468 3,646 3,582  3,578 3,578  6,622 6,622  3,053 3,053 
Mean  0.277 0.093 0.339  -0.239 0.210  -0.014 0.277  0.028 0.246 
SD  0.922 0.937 0.925  0.932 1.002  0.933 0.990  0.954 0.976 
P10  -0.924 -1.117 -0.891  -1.452 -1.116  -1.245 -1.016  -1.211 -1.034 
P25  -0.270 -0.477 -0.217  -0.840 -0.424  -0.610 -0.325  -0.578 -0.351 
P50  0.326 0.136 0.414  -0.207 0.267  0.025 0.345  0.044 0.297 
P75  0.900 0.710 0.972  0.394 0.894  0.628 0.948  0.687 0.910 
P90  1.397 1.240 1.450  0.924 1.442  1.140 1.481  1.224 1.471 
P75-P25   1.17 1.19 1.19   1.24 1.32  1.24 1.27  1.27 1.26 
  Belgium Flemish  Belgium Flemish 
N  4,078 NA 4,465  4,849 4,849  4,827 4,827  4,171 4,171 
Mean  0.221 NA -0.110  0.315 -0.269  0.299 -0.210  0.093 -0.318 
SD  0.801 NA 0.837  0.863 0.813  0.856 0.863  0.887 0.890 
P10  -0.804 NA -1.195  -0.808 -1.353  -0.803 -1.343  -1.056 -1.489 
P25  -0.293 NA -0.657  -0.269 -0.805  -0.274 -0.770  -0.508 -0.887 
P50  0.246 NA -0.078  0.326 -0.244  0.309 -0.175  0.108 -0.270 
P75  0.760 NA 0.474  0.909 0.303  0.884 0.386  0.711 0.309 
P90  1.216 NA 0.932  1.420 0.758  1.398 0.866  1.231 0.775 
P75-P25   1.05 NA 1.13  1.17 1.11  1.16 1.16  1.22 1.20 
  Belgium French  Belgium French 
N  3,821 3,086 3,666  NA NA  NA NA  NA NA 
Mean  -0.460 -0.472 -0.512  NA NA  NA NA  NA NA 
SD  0.995 0.947 0.961  NA NA  NA NA  NA NA 
P10  -1.764 -1.732 -1.765  NA NA  NA NA  NA NA 
P25  -1.110 -1.061 -1.132  NA NA  NA NA  NA NA 
P50  -0.413 -0.428 -0.472  NA NA  NA NA  NA NA 
P75  0.224 0.185 0.144  NA NA  NA NA  NA NA 
P90  0.775 0.706 0.704  NA NA  NA NA  NA NA 
P75-P25   1.33 1.25 1.28   NA NA  NA NA  NA NA 
  France  France 
N  3,763 3,927 4,061  NA NA  4,061 4,061  3,739 3,739 
Mean  -0.117 -0.274 -0.314  NA NA  0.023 -0.529  -0.539 -0.523 
SD  0.960 0.994 0.964  NA NA  0.941 1.015  1.050 1.052 
P10  -1.389 -1.586 -1.592  NA NA  -1.197 -1.871  -1.951 -1.927 
P25  -0.740 -0.925 -0.913  NA NA  -0.579 -1.191  -1.256 -1.207 
P50  -0.070 -0.213 -0.248  NA NA  0.060 -0.482  -0.491 -0.454 
P75  0.553 0.417 0.358  NA NA  0.666 0.184  0.189 0.220 
P90  1.082 0.964 0.857  NA NA  1.202 0.733  0.788 0.767 
P75-P25   1.29 1.34 1.27   NA NA  1.25 1.37  1.44 1.43 
See Notes and Sources at Table 1: End.  
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  Table 1: End 
Statistics   Reading   Math Science  Math Science  Math Science 
    2006 2011 2016  2011  2015  2019 
  Ontario  Ontario 
N  3,346 3,478 3,287  4,570 4,570  3,525 3,525  2,564 2,564 
Mean  0.351 0.235 0.188  -0.142 0.016  -0.123 0.095  -0.071 0.077 
SD  1.023 1.030 1.080  1.058 1.073  1.017 1.003  1.033 1.008 
P10  -0.973 -1.156 -1.265  -1.501 -1.400  -1.454 -1.239  -1.435 -1.281 
P25  -0.297 -0.395 -0.478  -0.818 -0.658  -0.792 -0.549  -0.810 -0.580 
P50  0.387 0.300 0.286  -0.112 0.081  -0.086 0.150  -0.045 0.133 
P75  1.050 0.948 0.942  0.572 0.749  0.559 0.789  0.660 0.763 
P90  1.648 1.511 1.489  1.172 1.349  1.156 1.337  1.224 1.345 
P75-P25   1.35 1.34 1.42   1.59 1.41  1.35 1.34  1.47 1.34 
  Québec  Québec 
N  3,046 3,603 2,687  3,600 3,600  2,355 2,355  2,848 2,848 
Mean  0.031 -0.008 0.193  0.121 -0.100  0.046 -0.014  0.112 -0.023 
SD  0.922 0.900 0.896  0.861 0.816  0.937 0.919  0.884 0.880 
P10  -1.161 -1.154 -0.961  -1.006 -1.138  -1.175 -1.181  -1.054 -1.207 
P25  -0.548 -0.591 -0.392  -0.464 -0.633  -0.564 -0.615  -0.493 -0.634 
P50  0.072 0.019 0.217  0.136 -0.083  0.077 -0.007  0.169 0.008 
P75  0.672 0.599 0.792  0.721 0.453  0.684 0.610  0.693 0.605 
P90  1.167 1.104 1.327  0.924 0.946  1.224 1.148  1.223 1.071 
P75-P25   1.22 1.19 1.18   1.24 1.09  1.25 1.23  1.19 1.24 
Notes: Z-scores are computed with house weights; percentile based on 5 plausible values and if student's information 
on parental education is not missing. Statistics: N: number of students in Grade 4 (or Grade 5 in Norway) with test 
scores and parental covariates; SD: standard deviation; P10 indicates the 10th percentile of the distribution, P25 the 
25th percentile, etc.; P75-P25 the z-score gap between the P75 and P25 percentiles. NA: Indicates that the jurisdiction 
did not participate in this survey. In year 2011 when both surveys were conducted in the selected jurisdictions, some 
choose to have two samples of students but only one parental questionnaire. Treatments effects for math and science 
are not estimated in 2011 for Denmark, Belgium Flemish, and Ontario because parental covariates are missing. 
Shaded statistics identified these jurisdictions. 
Sources: Authors' computation from weighted PIRLS and TIMSS surveys data sets.
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Table 2: Average multivalued treatments effects of the treated, ATET (std. err.) estimates of three 
preschool duration levels (Low, Middle, High) on Grade 4 (with Grade 5 in Norway) students reading, math 
and science z-scores, PIRLS 2006-2011-2016, TIMSS 2011-2015-2019, and years pooling by jurisdiction 
Scores Year N  ATET Middle vs Low  ATET High vs Low  ATET High vs Middle 
  TML|M TML|L  THL|H THL|L  THM|H THM|M 

Denmark 
Reading 2006 3,192  -0.31*** 

(0.09) 
-0.31*** 

(0.10) 
 -0.24** 

(0.09) 
-0.21** 
(0.09) 

 0.10* 
(0.06) 

0.07 
(0.05) 

 2011 3,721  0.21 
(0.14) 

0.24* 
(0.13) 

 0.36*** 
(0.13) 

0.31** 
(0.13) 

 0.08* 
(0.04) 

0.08* 
(0.04) 

 2016 2,841  0.00 
(0.23) 

0.03 
(0.22) 

 0.18 
(0.18) 

0.34* 
(0.19) 

 0.28 
(0.20) 

0.28** 
(0.14) 

 2011-16 6,562  0.19 
(0.12) 

0.13 
(0.12) 

 0.39*** 
(0.14) 

0.32*** 
(0.11) 

 0.22*** 
(0.08) 

0.11*** 
(0.04) 

Math 2015 2,997  0.15 
(0.16) 

0.11 
(0.15) 

 0.20 
(0.14) 

0.22* 
(0.13) 

 0.18 
(0.11) 

0.11 
(0.11) 

 2019 2,641  0.05 
(0.32) 

-0.34 
(0.28) 

 0.48 
(0.48) 

-0.06 
(0.27) 

 0.20 
(0.13) 

0.23** 
(0.12) 

 2015-19 5,638  -0.17 
(0.17)  

-0.05 
(0.16)  

 -0.07 
(0.15)  

0.11 
(0.13)  

 0.21** 
(0.09)  

0.19** 
(0.08)  

Science 2015 2,997  0.07 
(0.15) 

0.06 
(0.18) 

 0.16 
(0.11) 

0.19* 
(0.11) 

 0.17** 
(0.07) 

0.12 
(0.08) 

 2019 2,641  0.04 
(0.29)  

0.02 
(0.28)  

 0.27 
(0.69)  

0.23 
(0.26)  

 0.09 
(0.11)  

0.15 
(0.11)  

 2015-19 5,638  -0.01 
(0.13)  

0.05 
(0.19)  

 0.11 
(0.14)  

0.21* 
(0.12)   

 0.13* 
(0.07)  

0.14** 
(0.07)  

Finland 
Reading 2011 4,346  -0.11*** 

(0.04) 
-0.08* 
(0.04) 

 -0.09** 
(0.04) 

-0.07* 
(0.04) 

 0.02 
(0.03) 

0.02 
(0.03) 

 2016 4,363  -0.08* 
(0.05) 

-0.08* 
(0.05) 

 -0.09** 
(0.04) 

-0.08** 
(0.04) 

 0.01 
(0.04) 

0.01 
(0.04) 

 2011-16 8,709  -0.10*** 
(0.03) 

-0.08** 
(0.03) 

 -0.09*** 
(0.03) 

-0.07*** 
(0.03) 

 0.01 
(0.03) 

0.02 
(0.03) 

Math 2011 4,105  -0.13*** 
(0.04) 

-0.11*** 
(0.04) 

 -0.14*** 
(0.05) 

-0.11** 
(0.04) 

 0.00 
(0.04) 

0.00 
(0.04) 

 2015 4,529  -0.02 
(0.06) 

-0.01 
(0.06) 

 -0.09 
(0.06) 

-0.10* 
(0.06) 

 -0.07 
(0.05) 

-0.07 
(0.05) 

 2019 5,669  0.00 
(0.06) 

0.03 
(0.06) 

 -0.04 
(0.05) 

-0.04 
(0.05) 

 -0.05 
(0.05) 

-0.05 
(0.06) 

 2015-19 10,198  0.00 
(0.04)  

0.01 
(0.04)   

 -0.05 
(0.04)  

-0.06* 
(0.04)  

 -0.06 
(0.04)   

-0.06 
(0.04)  

Science 2011 4,105  -0.11*** 
(0.03) 

-0.09** 
(0.04) 

 -0.12** 
(0.05) 

-0.09* 
(0.05) 

 -0.01 
(0.04) 

0.00 
(0.04) 

 2015 4,529  -0.06 
(0.07) 

-0.07 
(0.06) 

 -0.12** 
(0.06) 

-0.14** 
(0.06) 

 -0.07 
(0.06) 

-0.07 
(0.06) 

 2019 5,669  -0.03 
(0.06)  

-0.01 
(0.06)  

 -0.08* 
(0.04)  

-0.08* 
(0.05)  

 -0.05 
(0.05)  

-0.05 
(0.05)  

 2015-19 10,198  -0.03 
(0.04)  

-0.04 
(0.05)  

 -0.09** 
(0.03)  

-0.10*** 
(0.04)  

 -0.06 
(0.04)  

-0.06 
(0.04)  

Notes: see end of Table 2.
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Table 2: Continued 
Score Year N  ATET Middle vs Low  ATET High vs Low  ATET High vs Middle 
  TML|M TML|L  THL|H THL|L  THM|H THM|M 

Norway Grade 5 
Reading 2006 3,043  -0.02 

(0.07) 
-0.02 
(0.08) 

 0.09 
(0.08) 

0.06 
(0.07) 

 0.06 
(0.05) 

0.08 
(0.06) 

 2011 2,606  -0.08 
(0.11) 

-0.06 
(0.12) 

 -0.01 
(0.12) 

-0.01 
(0.14) 

 0.03 
(0.05) 

0.04 
(0.05) 

 2006-11 5,528  -0.02 
(0.06)  

0.00 
(0.06)  

 0.05 
(0.07)  

0.05 
(0.06)  

 0.05 
(0.04)  

0.05 
(0.04)  

 2016 3,582  -0.13 
(0.10) 

-0.15 
(0.10) 

 0.03 
(0.05) 

0.01 
(0.05) 

 0.26** 
(0.11) 

0.14 
(0.10) 

Math 2011 2,565  -0.16* 
(0.09) 

-0.15 
(0.11) 

 -0.08 
(0.13) 

-0.10 
(0.12) 

 0.01 
(0.05) 

0.03 
(0.05) 

 2015 1,736  0.26 
(0.32) 

0.27 
(0.22) 

 0.17 
(0.20) 

0.25 
(0.17) 

 -0.10 
(0.15) 

-0.09 
(0.19) 

 2019 3,334  0.12 
(0.18) 

0.23 
(0.16) 

 0.16 
(0.22) 

0.18 
(0.14) 

 0.11 
(0.16) 

0.02 
(0.12) 

 2015-19 5,129  0.18 
(0.15)  

0.24* 
(0.12)  

 0.17 
(0.18)  

0.23** 
(0.11)  

 0.04 
(0.14)  

0.00 
(0.09)  

Science 2011 2,565  -0.09 
(0.08) 

-0.09 
(0.10) 

 0.01 
(0.10) 

-0.03 
(0.10) 

 0.02 
(0.05) 

0.04 
(0.05) 

 2015 1,736  0.17 
(0.33) 

0.20 
(0.24) 

 0.28 
(0.21) 

0.33 
(0.20) 

 0.18* 
(0.10) 

0.17 
(0.16) 

 2019 3,334  0.13 
(0.18)  

0.25 
(0.21)  

 0.22 
(0.20)  

0.35** 
(0.14)  

 0.25* 
(0.14)  

0.11 
(0.15)  

 2015-19 5,129  0.14 
(0.16)  

0.23 
(0.15)  

 0.27* 
(0.15)  

0.37*** 
(0.11)  

 0.26** 
(0.11)   

0.15 
(0.11)  

Norway Grade 4 
Reading 2006 

 
3,124 

 
 -0.03 

(0.09) 
-0.02 
(0.09) 

 0.10 
(0.29) 

0.08 
(0.09) 

 0.08 
(0.06) 

0.10 
(0.07) 

 2011 
 

2,650 
 

 -0.10 
(0.14) 

-0.05 
(0.15) 

 -0.02 
(0.61) 

0.04 
(0.17) 

 0.05 
(0.06) 

0.05 
(0.06) 

 2016 
 

3,652 
 

 -0.16 
(0.12) 

-0.18 
(0.12) 

 0.04 
(0.43) 

0.03 
(0.06) 

 0.32** 
(0.13) 

0.19 
(0.12) 

 2011-16 6,202  -0.10 
(0.12)  

-0.15 
(0.11)  

 0.08 
(0.16)  

0.03 
(0.03)  

 0.21** 
(0.08)  

0.19** 
(0.07)  

 2006-11-16 9,326  -0.04 -0.08  0.05 0.05  0.17** 0.08* 
    (0.07) (0.07)  (0.05) (0.05)  (0.06) (0.06) 
Math 2011 2,606  -0.20 

(0.10) 
-0.17 
(0.13) 

 -0.10 
(0.15) 

-0.10 
(0.14) 

 0.01 
(0.06) 

0.05 
(0.0) 

 2015 1,823  -0.65 
(0.37) 

-0.46 
(0.34) 

 -0.16 
(0.24) 

-0.34 
(0.23) 

 0.14 
(0.31) 

0.32 
(0.25) 

 2011-15 4,429  -0.21* 
(0.09)  

-0.23* 
(0.12)  

 -0.11 
(0.13)  

-0.13 
(0.11)  

 0.09 
(0.08)  

0.07 
(0.05)  

Science 2011 2,606  -0.11 
(0.09)  

-0.11 
(0.11)  

 0.00 
(0.11)  

-0.02 
(0.12)  

 0.05 
(0.06)  

0.05 
(0.06)  

 2015 6,288  -0.49 
(0.37) 

-0.33 
(0.37) 

 -0.02 
(0.25)  

-0.21 
(0.23)  

 0.32 
(0.36)  

0.37 
(0.33) 

 2011-15 4,429  -0.12 
(0.09)  

-0.16 
(0.13)  

 003 
(0.15)  

-0.04 
(0.11)  

 0.16 
(0.09)  

0.08 
(0.06)  

Notes: see end of Table 2.  
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Table 2: Continued 
Score Year N  ATET Middle vs Low  ATET High vs Low  ATET High vs Middle 
  TML|M TML|L  THL|H THL|L  THM|H THM|M 

Sweden 
Reading 2006 3,293  0.10 

(0.07) 
0.09 

(0.08) 
 0.17** 

(0.08) 
0.17** 
(0.07) 

 0.06 
(0.03) 

0.06 
(0.04) 

 2011 3,372  -0.11 
(0.16) 

-0.03 
(0.10) 

 -0.10 
(0.22) 

0.05 
(0.11) 

 0.08** 
(0.04) 

0.07* 
(0.04) 

 2006-11 6,632  0.03 
(0.07)  

0.07 
(0.06)  

 0.05 
(0.11)  

0.13** 
(0.06)  

 0.08*** 
(0.03)  

0.07** 
(0.03)  

 2016 3,442  0.20* 
(0.11) 

0.23** 
(0.11) 

 0.25** 
(0.10) 

0.21** 
(0.09) 

 -0.03 
(0.09) 

0.01 
(0.09) 

 2006-11-16 10,024  0.04 
(0.06)  

0.11** 
(0.05)  

 0.14 
(0.08)  

0.16*** 
(0.05)  

 0.06 
(0.04)  

0.07** 
(0.03)  

Math 2011 2,606  0.04 
(0.11) 

0.03 
(0.08) 

 0.04 
(0.12) 

0.08 
(0.08) 

 0.05 
(0.04) 

0.05 
(0.04) 

 2015 6,288  0.04 
(0.13) 

0.05 
(0.15) 

 0.05 
(0.10) 

0.06 
(0.11) 

 0.02 
(0.09) 

0.03 
(0.10) 

 2019 4,049  0.09 
(0.14) 

-0.01 
(0.15) 

 0.19** 
(0.09) 

-0.01 
(0.14) 

 -0.01 
(0.09) 

0.01 
(0.11) 

 2015-19 10,337  0.06 
(0.10) 7 

0.00 
(0.11)  

 0.14* 
(0.08)  

0.02 
(0.09)  

 0.00 
(0.06)  

0.03 
(0.07)  

Science 2011 3,300  0.05 
(0.12)  

0.06 
(0.08)  

 0.05 
(0.14)  

0.12 
(0.08)  

 0.06 
(0.04)  

0.06 
(0.04)  

 2015 6,288  0.25* 
(0.15) 

0.29* 
(0.16) 

 0.10 
(0.10)  

0.16 
(0.13)  

 -0.10 
(0.10)  

-0.10 
(0.11) 

 2019 4,049  0.21 
(0.16)  

0.05 
(0.17)  

 0.46*** 
(0.15)  

0.23* 
(0.14)  

 0.12 
(0.10)  

0.19 
(0.11)  

 2015-19 10,337  0.22** 
(0.11)  

0.15 
(0.11)  

 0.28*** 
(0.09)  

0.16 
(0.11)  

 0.01 
(0.07)  

0.01 
(0.08)  

Notes: see end of Table 2. 
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Table 2: Continued 
Score Year N  ATET Middle vs Low  ATET High vs Low  ATET High vs Middle 
  TML|M TML|L  THL|H THL|L  THM|H THM|M 

Belgium Flemish 
Reading 2006 3,894  0.16 

(0.61)  
0.22 

(0.23)  
 0.42 

(0.98)  
0.19 

(0.23)  
 0.09** 

(0.04)  
0.06 

(0.04)  
 2016 4,166  -0.06 

(0.10)  
-0.09 
(0.11)  

 0.14* 
(0.08)  

0.14** 
(0.06)  

 0.19*** 
(0.06)  

0.20*** 
(0.07)  

 2006-16 8,060  0.05 
(0.22)  

-0.03 
(0.10)  

 0.13 
(0.14)  

0.18*** 
(0.06)  

 0.12*** 
(0.04)  

0.09*** 
(0.03)  

Math 2015 4,398  0.11 
(0.10)  

0.13 
(0.10)  

 0.19*** 
(0.07)  

0.21*** 
(0.06)  

 0.12* 
(0.07)  

0.08 
(0.08)  

 2019 3,668  0.15 
(0.10)  

0.06 
(0.11)  

 0.31*** 
(0.08)  

0.23*** 
(0.07)  

 0.12* 
(0.07)  

0.13* 
(0.07) 

 2015-19 8,066  0.13* 
(0.07)  

0.11 
(0.08)  

 0.25*** 
(0.06)  

0.21*** 
(0.05)   

 0.12** 
(0.06)  

0.10* 
(0.06)  

Science 2015 4,398  0.16 
(0.10)  

0.18** 
(0.09)  

 0.30*** 
(0.07)  

0.32*** 
(0.06)  

 0.14** 
(0.07)  

0.14* 
(0.07)  

 2019 3,668  0.24** 
(0.12)  

0.18 
(0.12) 

 0.42*** 
(0.11) 

0.30*** 
(0.08) 

 0.13** 
(0.05) 

0.13** 
(0.06) 

 2015-19 8,066  0.20** 
(0.08)  

0.18** 
(0.07)  

 0.36*** 
(0.07)  

0.30*** 
(0.05)   

 0.14*** 
(0.05)  

0.13*** 
(0.05)  

Belgium French 
Reading 2006 3,215  -0.09 

(0.19)  
0.13 

(0.20)  
 -0.01 

(0.19)  
0.21 

(0.16)  
 0.11** 

(0.05)  
0.11** 
(0.04)  

 2011 5,678  -0.09 
(0.15)  

-0.10 
(0.16)  

 0.03 
(0.17)  

-0.01 
(0.18)  

 0.11** 
(0.05)  

0.10** 
(0.05)  

 2016 3,410  0.01 
(0.13)  

0.14 
(0.14)  

 0.06 
(0.12)  

0.26** 
(0.11)  

 0.03 
(0.09)  

0.12 
(0.08)  

 2011-16 9,063  -0.10 
(0.16)  

0.04 
(0.12)  

 0.03 
(0.12)  

0.09 
(0.11)  

 0.10** 
(0.04)  

0.10** 
(0.04)  

 2006-11-16 12,115  -0.12 
(0.12)  

0.03 
(0.10)  

 0.01 
(0.10)  

0.09 
(0.09)  

 0.10*** 
(0.03)  

0.11*** 
(0.04)  

France 
Reading 2006 3,293  0.19 

(0.44)  
-0.17 
(0.24)  

 0.27 
(0.56)  

-0.11 
(0.22)  

 0.08** 
(0.04)  

0.08* 
(0.04)  

 2011 3,372  -0.41 
(0.66)  

-0.21 
(0.21)  

 -0.42 
(0.60)  

-0.15 
(0.24)  

 0.01 
(0.04)  

0.01 
(0.04)  

 2006-11 6,642  -0.19 
(0.29)  

-0.19 
(0.17)   

 -0.20 
(0.31)  

-0.12 
(0.17)  

 0.05 
(0.03)  

0.05 
(0.03)  

 2016 3,711  0.12 
(0.08)  

0.13* 
(0.07)  

 0.22*** 
(0.05)  

0.20*** 
(0.05)  

 0.08 
(0.06)  

0.08 
(0.06)  

Math 2015 3,581  -0.07 
(0.11) 

-0.03 
(0.11) 

 0.12* 
(0.06) 

0.13** 
(0.06) 

 0.15 
(0.11) 

0.18* 
(0.10) 

 2019 4,680  0.08 
(0.10)  

0.07 
(0.10)  

 0.15** 
(0.06)  

0.16** 
(0.07)  

 0.05 
(0.07)  

0.07 
(0.08)  

 2015-19 8,261  0.02 
(0.08)  

0.03 
(0.08)  

 0.14*** 
(0.05)  

0.15*** 
(0.05)  

 0.09 
(0.06)  

0.11* 
(0.06)  

Science 2015 3,581  0.03 
(0.11)  

0.10 
(0.11)  

 0.11 
(0.08)  

0.13 
(0.08)  

 0.05 
(0.09)  

0.06 
(0.09)  

 2019 4,680  0.16* 
(0.09)  

0.15 
(0.10)  

 0.23*** 
(0.06)  

0.24*** 
(0.07)  

 0.04 
(0.07)  

0.07 
(0.07)  

 2015-19 8,261  0.12* 
(0.07)  

0.12* 
(0.07)  

 0.20*** 
(0.05)  

0.21*** 
(0.05)  

 0.05 
(0.06)  

0.06 
(0.06)  

Notes: see end of Table 2. 
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Table 2: End 
Score Year N  ATET Middle vs Low  ATET High vs Low  ATET High vs Middle 
  TML|M TML|L  THL|H THL|L  THM|H THM|M 

Ontario 
Reading 2006 3,053  -0.06 

(0.05)  
-0.08 
(0.05)  

 -0.06 
(0.07)  

-0.11 
(0.08)  

 0.00 
(0.07)  

-0.02 
(0.07)  

 2011 3,240  0.10** 
(0.05)  

0.12** 
(0.05)  

 0.12* 
(0.07)  

0.15* 
(0.08)  

 0.05 
(0.05)  

0.03 
(0.06)  

 2016 3,026  0.05 
(0.06)  

0.06 
(0.06)  

 0.10 
(0.07)  

0.10 
(0.06)  

 0.04 
(0.05)  

0.04 
(0.05)  

 2011-16 6,266  0.09** 
(0.04)  

0.07 
(0.05)  

 0.10* 
(0.05)  

0.12** 
(0.05)  

 0.05 
(0.04)  

0.04 
(0.04)  

Math 2015 3,366  -0.07 
(0.04)  

-0.06 
(0.04)  

 0.02 
(0.05)  

-0.03 
(0.05)  

 0.09 
(0.05)  

0.08 
(0.05)  

 2019 2,037  0.01 
(0.08)  

0.02 
(0.08)  

 0.10 
(0.08)  

0.06 
(0.10)  

 0.07 
(0.06)  

0.07 
(0.06)  

 2015-19 5,403  -0.03 
(0.05)  

-0.03 
(0.04)  

 0.06 
(0.05)  

0.01 
(0.05)  

 0.08** 
(0.04)  

0.07* 
(0.04)  

Science 2015 3,366  -0.01 
(0.04)  

0.00 
(0.05)  

 0.04 
(0.05)  

0.01 
(0.05)  

 0.04 
(0.04)  

0.04 
(0.04)  

 2019 2,037  -0.03 
(0.08)  

-0.05 
(0.08)  

 0.07 
(0.06)  

0.02 
(0.07)  

 0.07 
(0.07)  

0.08 
(0.06)  

 2015-19 5,403  -0.02 
(0.05)  

-0.02 
(0.04)  

 0.05 
(0.04)   

0.02 
(0.04)   

 0.06 
(0.03)  

0.06* 
(0.04)  

Québec 
Reading 2006 2,714  0.00 

(0.05)  
0.00 

(0.04)  
 -0.09 

(0.07)  
-0.10 
(0.07)  

 -0.09 
(0.07)  

-0.08 
(0.07)  

 2011 3,295  0.03 
(0.04)  

0.03 
(0.04)  

 0.17*** 
(0.05)  

0.17*** 
(0.06)  

 0.14*** 
(0.05)  

0.14** 
(0.05)  

 2016 2,490  -0.01 
(0.07)  

0.00 
(0.07)  

 0.09* 
(0.05)  

0.08* 
(0.05)  

 0.10 
(0.07)  

0.07 
(0.07)  

 2011-16 5,776  0.03 
(0.04)  

0.02 
(0.04)  

 0.10** 
(0.04)  

0.14*** 
(0.04)  

 0.09 
(0.06)  

0.12*** 
(0.04)  

Math 2011 3,294  -0.08** 
(0.04)  

-0.08** 
(0.04)  

 -0.01 
(0.04)  

0.00 
(0.04)  

 0.09* 
(0.05)  

0.07 
(0.05)  

 2015 2,256  0.03 
(0.07)  

0.05 
(0.07)  

 0.04 
(0.06)  

0.01 
(0.06)  

 0.04 
(0.07)  

-0.03 
(0.06)  

 2019 1,764  -0.03 
(0.07)  

-0.09 
(0.07)  

 0.10 
(0.06)  

0.10 
(0.06)  

 0.13** 
(0.06)  

0.14** 
(0.06)  

 2015-19 4,020  0.01 
(0.05)  

0.02 
(0.05)  

 0.07* 
(0.04)  

0.05 
(0.04)  

 0.06 
(0.05)  

0.05 
(0.04)  

Science 2011 3,294  -0.05 
(0.03)  

-0.04 
(0.03)  

 0.04 
(0.04)  

0.03 
(0.05)  

 0.10* 
(0.06)  

0.08 
(0.06)  

 2015 2,256  0.04 
(0.08)  

0.05 
(0.08)  

 0.00 
(0.06)  

-0.04 
(0.07)  

 0.01 
(0.08)  

-0.08 
(0.07)  

 2019 1,764  -0.01 
(0.08)  

-0.05 
(0.09)  

 0.05 
(0.05)  

0.05 
(0.05)  

 0.06 
(0.07)  

0.06 
(0.07)  

 2015-19 4,020  0.02 
(0.06)  

0.03 
(0.06)  

 0.02 
(0.04)  

-0.01 
(0.05)  

 0.01 
(0.06)  

-0.02 
(0.05)  

Notes: ATETs are average treatment effect on the treated. Statistics: N indicates number of students in Grade 4 (Grade 5 in Norway) 
with test scores and parental covariates. Coefficient and (Std. Err.) indicate estimated parameters. The three treatment preschool 
durations used are: (Low) ≤ 1 year; (Medium) 1 year and <3 years; (High) ≥ 3 years. Statistical significance: If a p-value is less than 0.05, 
one star (*); If less than 0.01, two stars (**); If less than 0.001, three stars (***).  
Source: Authors’ econometric model (see text). 
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Table 3: Average multivalued treatments effects of the treated, ATET (std. err.) for two preschool duration’s alternative 
levels (D2 and D3) on z-scores (PIRLS 2016), on math and science (TIMSS 2015, 2019), and years pooling by jurisdiction 
Score D Year N  ATET Medium vs Low  ATET High vs Low  ATET High vs Medium 
  TML|M TML|L  THL|H THL|L  THM|H THM|M 

Denmark 
Reading D2 2016 2,850  0.10 

(0.13) 
0.23* 
(0.14)  

0.24 
(0.15) 

0.33** 
(0.12)  

0.12** 
(0.06) 

0.11* 
(0.06) 

 D3 2016 2,850  0.11 
(0.20)  

0.18 
(0.20)   0.09 

(0.17) 
0.35* 
(0.19) 

 0.16** 
(0.07) 

0.15** 
(0.06) 

Math D2 2015 2,997  0.15 
(0.11)  

0.09 
(0.10)  

 0.21** 
(0.10)  

0.19* 
(0.10)  

 0.09** 
(0.04)  

0.09** 
(0.04)  

  2019 2,641  0.02 
(0.13)  

0.03 
(0.12)  

 0.17 
(0.12)  

0.17* 
(0.10)  

 0.19** 
(0.08)  

0.15** 
(0.07)  

  2015-19 5,638  0.13 
(0.10)  

0.08 
(0.08)  

 0.18** 
(0.09)  

0.19*** 
(0.07)  

 0.16*** 
(0.06)  

0.10*** 
(0.04)  

 D3 2015 2,997  0.20 
(0.14)  

0.17 
(0.13)  

 0.19 
(0.14)  

0.26* 
(0.13)  

 0.10*** 
(0.04)  

0.10** 
(0.04)  

  2019 2,641  0.04 
(0.26)  

-0.14  
(0.26)  

 0.61 
(0.68)  

-0.11 
(0.28)  

 0.20*** 
(0.06)  

0.18*** 
(0.06)  

  2015-19 5,638  0.03 
(0.12)  

0.04 
(0.13)  

 -0.03 
(0.17)  

0.13 
(0.14)  

 0.17*** 
(0.05)   

0.12*** 
(0.03)  

Science D2 2015 2,997  0.13* 
(0.07)  

0.09 
(0.07)  

 0.19*** 
(0.07)  

0.19*** 
(0.07)  

 0.10** 
(0.04)  

0.09** 
(0.04)  

  2019 2,641  -0.04 
(0.12)  

-0.03 
(0.12)  

 0.09 
(0.11)  

0.20* 
(0.12)  

 0.21** 
(0.09)  

0.22** 
(0.09)  

  2015-19 5,638  0.10 
(0.06)  

0.05 
(0.07)  

 0.12 
(0.08)  

0.20*** 
(0.07)  

 0.18*** 
(0.06)  

0.11** 
(0.04)  

 D3 2015 2,997  0.15 
(0.11)  

0.13 
(0.12)  

 0.16 
(0.11)  

0.24** 
(0.11)  

 0.11*** 
(0.04)  

0.09** 
(0.04)  

  2019 2,641  0.01 
(0.24)  

0.12 
(0.26)  

 0.33 
(0.93)  

0.21 
(0.30)  

 0.16** 
(0.07)  

0.20** 
(0.08)  

  2015-19 5,638  0.06 
(0.10) 

0.12 
(0.14)  

 0.16 
(0.15)  

0.25* 
(0.13)   

 0.14** 
(0.05)  

0.12*** 
(0.04)  

Finland 
Reading D2 2016 4,366  -0.06 

(0.04)  
-0.07 
(0.04)  

 -0.05 
(0.03)  

-0.04 
(0.04)  

 0.01 
(0.03)  

0.02 
(0.03)  

 D3 2016 4,366  -0.09** 
(0.04)  

-0.09** 
(0.04)  

 -0.09** 
(0.04)  

-0.07* 
(0.04)  

 0.01 
(0.03)  

0.02 
(0.03)  

Math D2 2015 4,529  -0.10** 
(0.04)  

-0.12*** 
(0.04)  

 -0.07 
(0.05)  

-0.07 
(0.05)  

 0.04 
(0.04)  

0.04 
(0.04)  

  2019 5,669  -0.06 
(0.05)  

-0.05 
(0.05)  

 -0.03 
(0.04)  

-0.03 
(0.04)  

 0.02 
(0.03)  

0.03 
(0.03)  

  2015-19 10,198  -0.07* 
(0.04)  

-0.08** 
(0.04)  

 -0.04 
(0.03)  

-0.05 
(0.03)  

 0.02 
(0.02)  

0.03 
(0.02)  

 D3 2015 4,529  -0.08 
(0.05)  

-0.09 
(0.06)  

 -0.08 
(0.06)  

-0.08 
(0.06)  

 0.01 
(0.04)  

0.01 
(0.03)  

  2019 5,669  -0.05 
(0.04)  

-0.03 
(0.05)  

 -0.03 
(0.05)  

-0.03 
(0.05)  

 0.00 
(0.03)  

0.01 
(0.03)  

  2015-19 10,198  -0.05 
(0.03)  

-0.06 
(0.04)  

 -0.04 
(0.04)  

-0.05 
(0.04)  

 0.00 
(0.02)  

0.01 
(0.02)  

Science D2 2015 4,529  -0.11* 
(0.06)  

-0.13** 
(0.06)  

 -0.09** 
(0.04)  

-0.10** 
(0.04)  

 0.02 
(0.04)  

0.02 
(0.04)  

  2019 5669  -0.05 
(0.04)  

-0.04 
(0.04)  

 -0.08* 
(0.04)  

-0.08* 
(0.04)  

 -0.04 
(0.03)  

-0.03 
(0.03)  

  2015-19 10,198  -0.07** 
(0.03)  

-0.07** 
(0.03)  

 -0.08** 
(0.03)  

-0.08*** 
(0.03)  

 -0.02 
(0.03)  

-0.01 
(0.03)  

 D3 2015 4,529  -0.11* 
(0.06)  

-0.12** 
(0.06)  

 -0.11** 
(0.05)  

-0.12** 
(0.05)  

 -0.01 
(0.03)  

0.00 
(0.03)  

  2019 5,669  -0.06 
(0.04)  

-0.04 
(0.05)  

 -0.09** 
(0.05)  

-0.09* 
(0.05)  

 -0.04 
(0.03)  

-0.04 
(0.03)  

  2015-19 10,198  -0.07* 
(0.04)  

-0.07* 
(0.04)  

 -0.09** 
(0.04)  

-0.10*** 
(0.04)  

 -0.03 
(0.03)  

-0.03 
(0.03)  

Notes: see end of Table 3. 
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Table 3: Continued 
Score D Year N  ATET Medium vs Low  ATET High vs Low  ATET High vs Medium 

 TML|M TML|L  THL|H THL|L  THM|H THM|M 
Norway Grade 5 

Reading D2 2016 3,517  0.08 
(0.05)  

0.08 
(0.05)   0.15*** 

(0.05)  
0.16*** 
(0.06)  

 0.07 
(0.04)  

0.07* 
(0.04)  

 D3 2016 3,517  0.00 
(0.05)  

0.01 
(0.05)  

 0.13** 
(0.06)  

0.12* 
(0.06)  

 0.09** 
(0.04)   

0.11*** 
(0.04)  

Math D2 2015 1,795  0.00 
(0.16)  

0.11 
(0.17)  

 0.03 
(0.13)  

0.13 
(0.13)  

 0.05 
(0.07)  

0.05 
(0.07)  

  2019 3,334  -0.02 
(0.10)  

0.00 
(0.14)  

 0.15 
(0.13)  

0.18* 
(0.10)  

 0.14** 
(0.06)  

0.13** 
(0.05)  

  2015-19 5,129  0.00 
(0.10)  

0.04 
(0.09)  

 0.11 
(0.11)  

0.14* 
(0.09)  

 0.12** 
(0.05)  

0.10** 
(0.04)  

 D3 2015 1,795  0.19 
(0.21)  

0.34** 
(0.17)  

 0.21 
(0.19)  

0.38** 
(0.18)  

 0.04 
(0.06)  

0.04 
(0.06)  

  2019 3,334  0.02 
(0.18)  

0.09 
(0.12)  

 0.19 
(0.23)  

0.30** 
(0.12)  

 0.13** 
(0.06)  

0.12** 
(0.05)  

  2015-19 5,129  0.12 
(0.14)  

0.15 
(0.10)  

 0.18 
(0.19)  

0.30*** 
(0.11)  

 0.11** 
(0.05)  

0.08** 
(0.04)  

Science D2 2015 1,795  0.28** 
(0.12)  

0.37*** 
(0.13)  

 0.23** 
(0.11)  

0.26** 
(0.11)  

 -0.03 
(0.06)  

-0.05 
(0.07)  

  2019 3,334  0.11 
(0.10)  

0.15 
(0.15)  

 0.26** 
(0.12)  

0.31*** 
(0.11)  

 0.15** 
(0.06)  

0.13** 
(0.06)  

  2015-19 5,129  0.19** 
(0.08)  

0.22** 
(0.10)  

 0.26*** 
(0.10)   

0.28*** 
(0.09)  

 0.11** 
(0.05)  

0.06 
(0.04)  

 D3 2015 1,795  0.33* 
(0.18)  

0.42** 
(0.18)  

 0.32 
(0.19)  

0.39* 
(0.20)  

 0.00 
(0.05)  

-0.01 
(0.06)  

  2019 3,334  0.10 
(0.15)  

0.24* 
(0.13)  

 0.24 
(0.21)  

0.47*** 
(0.11)  

 0.16*** 
(0.06)  

0.13** 
(0.05)  

  2015-19 5,129  0.22* 
(0.13)  

0.28** 
(0.11)  

 0.27* 
(0.16)  

0.43*** 
(0.10)  

 0.12*** 
(0.04)  

0.08** 
(0.04)  

      Sweden       
Reading D2 2016 3,446  0.09 

(0.09)  
0.12 
(0.09)  

 0.13 
(0.08)  

0.14* 
(0.08)  

 0.04 
(0.05)  

0.03 
(0.05)  

 D3 2016 3,446  0.19* 
(0.10)  

0.23** 
(0.09)  

 0.25** 
(0.11)  

0.22** 
(0.10)  

 0.04 
(0.04)  

0.03 
(0.04)  

Math D2 2015 6,288  0.00 
(0.08)  

0.05 
(0.09)  

 0.04 
(0.08)  

0.03 
(0.08)  

 0.03 
(0.06)  

0.03 
(0.05)  

  2019 4,049  0.01 
(0.09)  

0.02 
(0.11)  

 0.11 
(0.07)  

-0.04 
(0.11)  

 0.08 
(0.05)  

0.07 
(0.05)  

  2015-19 10,337  0.01 
(0.06)  

0.05 
(0.07)  

 0.08 
(0.06)   

-0.01 
(0.07)  

 0.06 
(0.04)   

0.05 
(0.04)  

 D3 2015 6,288  0.02 
(0.10)  

0.06 
(0.11)  

 0.06 
(0.10)  

0.02 
(0.11)  

 0.03 
(0.05)  

0.03 
(0.05)  

  2019 4,049  0.09 
(0.10)  

-0.04 
(0.13)  

 0.21** 
(0.09)  

-0.06 
(0.15)  

 0.07 
(0.05)   

0.06 
(0.05)  

  2015-19 10,337  0.06 
(0.08)  

0.02 
(0.09)  

 0.16** 
(0.08)  

-0.04 
(0.10)  

 0.05 
(0.04)   

0.05 
(0.04)  

Science D2 2015 6,288  -0.02 
(0.08)  

0.07 
(0.09)  

 0.00 
(0.08)  

0.01 
(0.11)  

 0.04 
(0.06)   

0.04 
(0.06)  

  2019 4,049  0.24** 
(0.11)  

0.19 
(0.13)  

 0.30*** 
(0.09)  

0.23* 
(0.12)  

 0.04 
(0.05)  

0.04 
(0.05)  

  2015-19 10,337  0.10 
(0.07)  

0.16** 
(0.08)  

 0.16** 
(0.06)  

0.07 
(0.10)  

 0.05 
(0.04)  

0.04 
(0.04)  

 D3 2015 6,288  0.11 
(0.11)  

0.22* 
(0.13)  

 0.10 
(0.10)  

0.09 
(0.15)   

 0.01 
(0.06)  

0.01 
(0.06) 

  2019 4,049  0.38** 
(0.15)  

0.11 
(0.14)  

 0.47*** 
(0.15)  

0.23 
(0.15)  

 0.06 
(0.04)  

0.07 
(0.05)  

  2015-19 10337  0.22** 
(0.10)  

0.18* 
(0.10)  

 0.29*** 
(0.09)  

0.09 
(0.13)  

 0.04 
(0.04)  

0.04 
(0.04)  

Notes: see end of Table 3. 
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 Table 3: Continued 
Score D Year N  ATET Medium vs Low  ATET High vs Low  ATET High vs Medium 

 TML|M TML|L  THL|H THL|L  THM|H THM|M 
Belgium (Flemish) 

Reading 
 

D2 2016 4,204 
 0.14*** 

(0.05)  
0.17*** 

(0.05)   0.20*** 
(0.05)  

0.22*** 
(0.05)  

 0.08*** 
(0.03)  

0.08*** 
(0.03)  

 D3 2016 4,204  0.11 
(0.07)  

0.13* 
(0.07)  

 0.19** 
(0.09)  

0.20*** 
(0.05)  

 0.10*** 
(0.03)  

0.10*** 
(0.03)  

Math D2 2015 4,398  0.10* 
(0.05)  

0.09 
(0.06)  

 0.18*** 
(0.05)  

0.19*** 
(0.06)  

 0.11*** 
(0.03)  

0.10*** 
(0.03)  

  2019 3,668  0.09* 
(0.05)  

0.11** 
(0.05)  

 0.18*** 
(0.06)  

0.19*** 
(0.05)  

 0.11*** 
(0.03)  

0.08** 
(0.03)  

  2015-19 8,066  0.10** 
(0.04)  

0.09** 
(0.04)  

 0.18*** 
(0.04)  

0.18*** 
(0.04)  

 0.11*** 
(0.02)  

0.09*** 
(0.02)  

 D3 2015 4,398  0.14** 
(0.06)  

0.16** 
(0.07)  

 0.21*** 
(0.08)  

0.25*** 
(0.06)  

 0.12*** 
(0.03)  

0.10*** 
(0.03)  

  2019 3,668  0.21*** 
(0.07)  

0.15** 
(0.07)  

 0.34*** 
(0.09)  

0.26*** 
(0.08)  

 0.11*** 
(0.03)  

0.09*** 
(0.03)  

  2015-19 8,066  0.17*** 
(0.04)  

0.15*** 
(0.05)  

 0.28*** 
(0.06)  

0.25*** 
(0.05)  

 0.11*** 
(0.02)  

0.10*** 
(0.02)  

Science D2 2015 4,398  0.18*** 
(0.05)  

0.19*** 
(0.05)  

 0.24*** 
(0.05)  

0.26*** 
(0.05)  

 0.11*** 
(0.03)  

0.09*** 
(0.03)  

  2019 3,668  0.13** 
(0.06)  

0.13** 
(0.06)  

 0.23*** 
(0.05)   

0.22*** 
(0.05)  

 0.11** 
(0.04)  

0.08** 
(0.04)  

  2015-19 8,066  0.16*** 
(0.04)  

0.16*** 
(0.04)  

 0.23*** 
(0.04)   

0.24*** 
(0.03)  

 0.11*** 
(0.02)  

0.09*** 
(0.02)  

 D3 2015 4,398  0.24*** 
(0.07)  

0.26*** 
(0.06)  

 0.31*** 
(0.08)  

0.35*** 
(0.06)  

 0.12*** 
(0.03)  

0.10*** 
(0.03)  

  2019 3,668  0.31*** 
(0.11)  

0.23*** 
(0.09)  

 0.46*** 
(0.12)  

0.32*** 
(0.08)  

 0.11*** 
(0.03)  

0.10** 
(0.04)  

  2015-19 8,066  0.27*** 
(0.06)  

0.25*** 
(0.05)  

 0.39*** 
(0.08)  

0.33*** 
(0.05)  

 0.12*** 
(0.02)  

0.10*** 
(0.02)  

      France       
Reading D2 2016 3,757  0.14*** 

(0.04)  
0.14*** 
(0.04)  

 0.29*** 
(0.05)  

0.25*** 
(0.05)  

 0.13*** 
(0.04)  

0.12*** 
(0.04)  

 D3 2016 3,757  0.18*** 
(0.05)  

0.17*** 
(0.05)   

 0.34*** 
(0.06)  

0.29*** 
(0.06)  

 0.13*** 
(0.04)  

0.12*** 
(0.04)  

Math D2 2015 3,581  0.12 
(0.07)  

0.13* 
(0.07)  

 0.21*** 
(0.08)  

0.21*** 
(0.07)  

 0.09 
(0.05)  

0.08 
(0.05)  

  2019 4,680  0.08* 
(0.05)  

0.11** 
(0.05)  

 0.16*** 
(0.05)  

0.14** 
(0.06)  

 0.04 
(0.03)  

0.06* 
(0.03)  

  2015-19 8,261  0.10** 
(0.04)  

0.12*** 
(0.04)  

 0.17*** 
(0.04)  

0.16*** 
(0.05)  

 0.05** 
(0.03)  

0.06** 
(0.03)  

 D3 2015 3,581  0.08 
(0.06)  

0.09 
(0.06)  

 0.18** 
(0.08)  

0.18** 
(0.08)  

 0.10** 
(0.05)  

0.09* 
(0.05)  

  2019 4,680  0.13** 
(0.06)  

0.14** 
(0.07)  

 0.19*** 
(0.07)  

0.18** 
(0.07)  

 0.05 
(0.03)  

0.06* 
(0.03)  

  2015-19 8,261  0.12** 
(0.05)  

0.12** 
(0.05)  

 0.19*** 
(0.05)  

0.18*** 
(0.06)  

 0.06** 
(0.03)  

0.07** 
(0.03)  

Science D2 2015 3,581  0.06 
(0.07)  

0.07 
(0.07)  

 0.16* 
(0.08)  

0.13 
(0.08)  

 0.08* 
(0.05)   

0.06 
(0.05)  

  2019 4,680  0.12** 
(0.05)  

0.15*** 
(0.05)  

 0.20*** 
(0.06)  

0.20*** 
(0.07)  

 0.05 
(0.04)  

0.07 
(0.04)  

  2015-19 8,261  0.10** 
(0.04)  

0.13*** 
(0.04)  

 0.18*** 
(0.05)  

0.17*** 
(0.06)  

 0.05 
(0.03) 

0.06* 
(0.03)  

 D3 2015 3,581  0.09 
(0.08)  

0.11 
(0.08)  

 0.16 
(0.10)  

0.17* 
(0.10)  

 0.09* 
(0.05)  

0.07 
(0.05)  

  2019 4,680  0.21*** 
(0.06)  

0.21*** 
(0.07)  

 0.28*** 
(0.08)  

0.27*** 
(0.08)  

 0.06 
(0.04)  

0.07 
(0.04)  

Notes: see end of Table 3.  



55 
 

 Table 3: End 
Score D Year N  ATET Medium vs Low  ATET High vs Low  ATET High vs Medium 

 TML|M TML|L  THL|H THL|L  THM|H THM|M 
Ontario 

Reading D2 2016 3051  0.09 
(0.07)  

0.07 
(0.07)   0.05 

(0.05)  
0.08 
(0.05)  

 -0.03 
(0.07)  

-0.03 
(0.07)  

 D3 2016 3051  0.09 
(0.07)  

0.09 
(0.06)  

 0.07 
(0.07)  

0.11 
(0.07)   

 -0.01 
(0.05)  

0.01 
(0.05)  

Math D2 2015 3366  0.03 
(0.06)  

0.00 
(0.06)  

 0.06 
(0.05)  

0.01 
(0.05)  

 0.03 
(0.06)  

0.03 
(0.06)  

  2019 2037  0.06 
(0.06)   

0.01 
(0.07)  

 0.12 
(0.09)  

0.12 
(0.10)  

 0.05 
(0.09)  

0.05 
(0.08)  

  2015/19 5403  0.04 
(0.04)  

0.01 
(0.05)  

 0.09* 
(0.05)  

0.06 
(0.06)  

 0.04 
(0.05)  

0.04 
(0.05)  

 D3 2015 3366  -0.03 
(0.04)  

-0.04 
(0.04)  

 0.05 
(0.05)  

-0.02 
(0.06)  

 0.06 
(0.05)  

0.06 
(0.05)  

  2019 2037  0.03 
(0.07)  

0.02 
(0.08)  

 0.14 
(0.11)  

0.12 
(0.12)  

 0.08 
(0.08)  

0.09 
(0.07)  

  2015-19 5403  0.00 
(0.04)  

-0.02 
(0.04)  

 0.08 
(0.06)  

0.04 
(0.06)  

 0.07 
(0.05)  

0.07 
(0.05)  

Science D2 2015 3366  0.05 
(0.05)  

0.04 
(0.05)  

 0.03 
(0.04)  

0.00 
(0.05)  

 -0.02 
(0.05)  

-0.02 
(0.05)  

  2019 2037  0.06 
(0.07)  

0.05 
(0.07)  

 0.07 
(0.07)  

0.05 
(0.07)  

 0.00 
(0.10)  

-0.01 
(0.08)  

  2015-19 5403  0.05 
(0.04)  

0.05 
(0.04)  

 0.05 
(0.04)  

0.02 
(0.04)  

 -0.01 
(0.05)  

-0.02 
(0.05)  

 D3 2015 3366  0.02 
(0.04)  

0.02 
(0.04)  

 0.03 
(0.05)  

-0.02 
(0.05)  

 0.00 
(0.04)  

0.00 
(0.04)  

  2019 2037  0.01 
(0.06)   

-0.02 
(0.07)  

 0.08 
(0.09)  

0.02 
(0.09)   

 0.04 
(0.07)  

0.04 
(0.07)  

  2015-19 5403  0.01 
(0.04)  

0.01 
(0.04)  

 0.04 
(0.05)  

0.00 
(0.05)  

 0.02 
(0.04)  

0.02 
(0.04)  

      Québec       
Reading D2 2016 2506  0.09 

(0.07)  
0.07 
(0.07)  

 0.11** 
(0.04)  

0.09** 
(0.04)   

 0.01 
(0.06)  

0.01 
(0.07)  

 D3 2016 2506  0.05 
(0.06)   

0.05 
(0.06)  

 0.10** 
(0.05)  

0.10** 
(0.04)  

 0.05 
(0.05)  

0.04 
(0.05)  

Math D2 2015 2256  -0.04 
(0.05)  

-0.07 
(0.06)  

 0.10* 
(0.05)  

0.04 
(0.05)  

 0.13*** 
(0.04)  

0.14*** 
(0.04)  

  2019 1764  0.04 
(0.06)  

0.06 
(0.06)  

 0.13*** 
(0.05)  

0.16*** 
(0.05)  

 0.08 
(0.05)  

0.10* 
(0.05)  

  2015-19 4020  -0.01 
(0.04)  

-0.02 
(0.04)  

 0.11*** 
(0.04)  

0.08** 
(0.04)  

 0.11*** 
(0.03)   

0.11*** 
(0.03)  

 D3 2015 2256  -0.02 
(0.05)  

-0.01 
(0.06)  

 0.09 
(0.06)  

0.05 
(0.06)  

 0.11*** 
(0.04)  

0.09** 
(0.04)  

  2019 1764  0.01 
(0.06)  

-0.01 
(0.06)  

 0.13** 
(0.06)  

0.15** 
(0.07)  

 0.10** 
(0.04)  

0.13*** 
(0.04)  

  2015/19 4020  0.00 
(0.04)  

-0.01 
(0.04)  

 0.11** 
(0.04)  

0.09* 
(0.05)  

 0.11*** 
(0.03)  

0.10*** 
(0.03)  

Science D2 2015 2256  -0.01 
(0.06)  

-0.06 
(0.07)  

 0.01 
(0.06)  

-0.05 
(0.06)  

 0.01 
(0.06)  

0.02 
(0.06)  

  2019 1764  0.03 
(0.06)  

0.04 
(0.05)  

 0.05 
(0.05)  

0.07 
(0.05)  

 0.01 
(0.05)  

0.03 
(0.06)  

  2015-19 4020  0.00 
(0.04)  

-0.02 
(0.05)  

 0.03 
(0.04)  

0.00 
(0.04)  

 0.00 
(0.04)  

0.01 
(0.04)  

 D3 2015 2256  0.01 
(0.06)  

0.00 
(0.07)  

 0.00 
(0.07)  

-0.04 
(0.07)  

 0.00 
(0.05)  

-0.02 
(0.05)  

  2019 1764  0.01 
(0.06)  

0.00 
(0.06)  

 0.06 
(0.06)  

0.07 
(0.06)  

 0.03 
(0.05)  

0.05 
(0.06)  

  2015-19 4020  0.01 
(0.04)  

0.00 
(0.05)  

 0.03 
(0.05)  

0.00 
(0.05)  

 0.01 
(0.04)  

0.00 
(0.04)  

Notes: Coefficient (Std. Err.) Indicate estimated parameters. Preschool durations used are: D2: (1) ≤ 2 years; (2) 3 years; (3) ≥ 4 
years; D3: (1) ≤ 1 year; (2) 1 to ≤3 years; (3) ≥ 4 years. Statistical significance: If a p-value is less than 0.05, one star (*); If less than 
0.01, two stars (**); If less than 0.001, three stars (***).
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Table 4: Average treatments effects (ATE) estimates (std. err.) of the preschool programs participation 
types on z-scores, reading (PIRLS 2016) math, science (TIMSS 2015, 2019), and years pooling by jurisdiction 
    T21 T31  T41 T32  T42 T43 
Score Year N  

 
Early vs 

No 
Late vs 

No 
 
 

Both vs 
No 

Late vs 
Early 

 
 

Both vs 
Early 

Both vs 
Late 

Finland 
Reading 
 

2016 3,690  -0.06 
(0.38) 

-0.03 
(0.36) 

 -0.04 
(0.41) 

0.07 
(0.10) 

 -0.01 
(0.10) 

-0.04 
(0.03) 

Math 2015 4,536  0.04 
(0.21) 

0.10 
(0.20) 

 0.13 
(0.21) 

0.12** 
(0.06) 

 0.13** 
(0.05) 

-0.01 
(0.04) 

 2019 4,798  -0.21 
(0.47) 

-0.07 
(0.30)  -0.13 

(0.37) 
0.07 

(0.20)  0.10 
(0.17) 

-0.01 
(0.04) 

 2015-19 9,334  -0.06 
(0.16)  

0.02 
(0.18)   -0.04 

(0.25)  
0.11 

(0.11)   0.11 
(0.11)  

-0.01 
(0.03)  

Science 2015 4,536  -0.15 
(0.27) 

-0.05 
(0.26) 

 -0.05 
(0.30) 

0.14** 
(0.06) 

 0.12** 
(0.05) 

-0.02 
(0.04) 

 2019 4,798  -0.28 
(0.31)  

-0.08 
(0.19)   -0.21 

(0.21)  
0.25* 
(0.13)   0.22* 

(0.11)  
-0.07 

(0.04)  
 2015-19 9,334  -0.17 

(0.23)  
0.05 

(0.20)   -0.07 
(0.20)  

0.21** 
(0.08)   0.18** 

(0.08)  
-0.05* 
(0.03)  

Norway Grade 5 
Reading 2016 3,465  0.12 

(0.21)  
-0.01 
(0.16)  

 0.13 
(0.19)  

-0.15 
(0.12)  

 0.05 
(0.10)  

0.09 
(0.08)  

Math 2015 1,794  -0.22 
(0.74)  

-0.01 
(0.55)  

 -0.10 
(0.71)  

0.04 
(0.09)  

 0.22*** 
(0.05)  

0.18** 
(0.08)  

 2019 2,441  -0.04 
(0.25) 

0.17 
(0.19) 

 0.17 
(0.25) 

0.05 
(0.14) 

 0.24*** 
(0.08) 

0.18** 
(0.08) 

 2015-19 4,235  -0.09 
(0.18)  

0.08 
(0.21)  

 0.14 
(0.18)  

0.08 
(0.08)  

 0.24*** 
(0.06)  

0.20*** 
(0.07)  

Science 2015 1,794  -0.25 
(0.55)  

-0.06 
(0.46)  

 -0.18 
(0.50)  

0.00 
(0.08)  

 0.12** 
(0.05)  

0.12** 
(0.06)  

 2019 2,441  -0.06 
(0.24) 

0.21 
(0.23) 

 0.19 
(0.27) 

0.07 
(0.16) 

 0.26*** 
(0.07) 

0.28*** 
(0.09) 

 2015-19 4,235  -0.05 
(0.17)  

0.05 
(0.24)  

 0.14 
(0.17)  

0.05 
(0.09)  

 0.22*** 
(0.06)  

0.25*** 
(0.07)  

Sweden 
Reading 2016 3,130  -0.01 

(0.39) 
0.03 

(0.27) 
 -0.16 

(0.46) 
0.15 

(0.17) 
 0.01 

(0.13) 
0.05 

(0.07) 
Math 2015 6,292  -0.20 

(0.12) 
-0.06 
(0.12) 

 -0.01 
(0.13) 

0.07 
(0.07) 

 0.16*** 
(0.05) 

0.05 
(0.07) 

 2019 3,475  0.46** 
(0.22) 

-0.02 
(0.14) 

 0.27* 
(0.14) 

-0.26* 
(0.14) 

 -0.10 
(0.09) 

0.20*** 
(0.07) 

Science 2015 6,292  -0.08 
(0.13) 

0.14 
(0.17) 

 0.09 
(0.16) 

0.10 
(0.10) 

 0.15*** 
(0.05) 

-0.02 
(0.07) 

 2019 3,475  0.67*** 
(0.23) 

0.33 
(0.27) 

 0.55* 
(0.28) 

-0.22 
(0.19) 

 -0.01 
(0.09) 

0.21*** 
(0.08) 

Belgium Flemish 
Reading 2016 3,756  -0.09 

(0.20) 
0.11 

(0.12) 
 0.16 

(0.13) 
0.21 

(0.24) 
 0.08 

(0.22) 
0.08*** 

(0.03) 
Math 2015 4,420  -0.07 

(0.12) 
0.08 

(0.11) 
 0.09 

(0.16) 
0.14** 
(0.07) 

 0.27*** 
(0.09) 

0.06* 
(0.03) 

 2019 3,423  0.06 
(0.34) 

0.20 
(0.13) 

 0.40** 
(0.14) 

0.05 
(0.20) 

 0.28 
(0.41) 

0.08** 
(0.04) 

 2015-19 7,843  -0.05 
(0.11)  

0.14 
(0.08)  

 0.27** 
(0.11)  

0.11 
(0.07)  

 0.25* 
(0.14)  

0.07*** 
(0.02)  

Notes: see end of Table 4.  
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Table 4: End 
    T21 T31  T41 T32  T42 T43 
Score Year N  Early vs 

no 
Late vs 

no 
 Both vs 

No 
Late vs 
Early 

 Both vs 
Early 

Both vs 
Late 

Belgium Flemish end 
Science 2015 4,420  0.01 

(0.15) 
0.15 

(0.12) 
 0.19 

(0.17) 
0.16* 
(0.08) 

 0.26*** 
(0.09) 

0.06* 
(0.03) 

 2019 3,423  -0.04 
(0.51) 

0.28 
(0.20) 

 0.51*** 
(0.15) 

0.16 
(0.28) 

 0.41* 
(0.24) 

0.08* 
(0.05) 

 2015/19 7,843  0.01 
(0.14) 

0.20** 
(0.09) 

 0.38*** 
(0.11) 

0.20** 
(0.10) 

 0.38*** 
(0.14) 

0.07** 
(0.03) 

France 
Reading 2016 3,404  0.10 

(0.12) 
0.16** 
(0.08) 

 0.25*** 
(0.08) 

0.06 
(0.11) 

 0.14 
(0.11) 

0.08* 
(0.04) 

Math 2015 3,616  -0.01 
(0.13) 

0.06 
(0.11) 

 0.10 
(0.12) 

0.08 
(0.06) 

 0.16* 
(0.09) 

0.07 
(0.06) 

 2019 4,207  -0.05 
(0.19) 

0.11 
(0.10) 

 0.11 
(0.11) 

0.17 
(0.13) 

 0.18 
(0.14) 

-0.01 
(0.04) 

 2015/19 7,823  -0.03 
(0.10) 

0.08 
(0.07) 

 0.10 
(0.07) 

0.14 
(0.09) 

 0.18* 
(0.11) 

0.02 
(0.03) 

Science 2015 3,616  0.01 
(0.14) 

0.04 
(0.13) 

 0.10 
(0.14) 

0.03 
(0.05) 

 0.12* 
(0.07) 

0.08 
(0.05) 

 2019 4,207  -0.15 
(0.25) 

0.13 
(0.16) 

 0.12 
(0.16) 

0.29 
(0.17) 

 0.28 
(0.18) 

0.00 
(0.04) 

 2015/19 7,823  -0.03 
(0.12) 

0.10 
(0.10) 

 0.11 
(0.11) 

0.20* 
(0.11) 

 0.23* 
(0.12) 

0.02 
(0.03) 

Ontario 
Reading 2016 2,727  -0.08 

(0.11) 
0.12* 
(0.06) 

 0.14* 
(0.07) 

0.19* 
(0.10) 

 0.17 
(0.11) 

-0.01 
(0.05) 

Math 2015 3,166  0.06 
(0.06) 

-0.05 
(0.05) 

 0.01 
(0.05) 

-0.12** 
(0.05) 

 -0.05 
(0.07) 

0.04 
(0.04) 

 2019 1,924  0.04 
(0.09) 

0.15** 
(0.07) 

 0.25*** 
(0.08) 

0.11 
(0.09) 

 0.20* 
(0.10) 

0.10** 
(0.04) 

Science 2015 3,166  0.04 
(0.06) 

0.00 
(0.04) 

 0.01 
(0.06) 

-0.03 
(0.05) 

 -0.03 
(0.05) 

-0.01 
(0.05) 

 2019 1,924  0.12 
(0.13)  

0.13 
(0.09)  

 0.18* 
(0.09)  

0.03 
(0.10)  

 0.08 
(0.10)  

0.04 
(0.05)  

 2015/19 5,090  0.05 
(0.06)  

0.06 
(0.05)  

 0.10 
(0.06)  

-0.01 
(0.06)  

 0.03 
(0.06)  

0.02 
(0.04)  

Québec 
Reading 2016 2,250  0.20* 

(0.10) 
0.20*** 
(0.05) 

 0.22*** 
(0.06) 

0.06 
(0.16) 

 0.05 
(0.14) 

0.01 
(0.04) 

Math 2015 2,194  -0.10 
(0.12) 

-0.02 
(0.07) 

 -0.04 
(0.08) 

0.12 
(0.10) 

 0.10 
(0.09) 

-0.03 
(0.07) 

 2019 1,691  0.08 
(0.14) 

0.15 
(0.11) 

 0.22* 
(0.12) 

0.11 
(0.07) 

 0.15** 
(0.07) 

0.05 
(0.06) 

 2015/19 3,885  -0.02 
(0.08)  

0.05 
(0.06)  

 0.07 
(0.07)  

0.09 
(0.06)   

 0.10* 
(0.06)  

0.01 
(0.04)  

Science 2015 2,194  -0.17* 
(0.10) 

-0.06 
(0.07) 

 -0.09 
(0.08) 

0.16* 
(0.08) 

 0.11 
(0.09) 

-0.05 
(0.06) 

 2019 1,691  0.09 
(0.15)  

0.19 
(0.12)  

 0.19 
(0.12)  

0.13 
(0.09)  

 0.11 
(0.08)  

-0.01 
(0.05)  

 2015/19 3,885  -0.04 
(0.09)  

0.05 
(0.06)  

 0.04 
(0.07)  

0.13* 
(0.06)  

 0.10 
(0.06)  

-0.03 
(0.04)  

Notes: The four types of preschool participation are: 1. No: the child did not participate in any program; 2. Early: the child 
participate in an early program (for less than 3 years-old); 3. Late: the child participate in a later program (for 3 years-old or 
more); 4. Both: the Child participates in both programs.
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Table 5:  Average multivalued treatments effects of treated, ATET estimates (std. err.) of three parental education’s levels on reading z-
scores, by jurisdiction and years pooling, WLS-DR-ordered logit, PIRLS 2011+2016 
Jurisdiction 
Year 

Education levels 
(N=observations) 

 ATET Medium vs Low   ATET High vs Low   ATET High vs Medium 
 TML|M TML|L   THL|H THL|L   THM|H THM|M 

Denmark 
2011&2016 
N=6,676 

Educ1 (N=1,001) 
Educ2 (N=1,617) 
Educ3 (N=4,058) 

 0.49* (0.26) 
0.37 (0.35) 
0.19 (0.15) 

0.38 (0.29) 
0.41 (0.03) 
0.05 (0.31) 

 
0.65*** (0.19) 

0.56* (0.30) 
0.46**(0.19) 

0.66***(0.21) 
0.38 (0.27) 

0.36**(0.31) 

 
0.30***(0.12) 

-0.08 (0.18) 
0.39***(0.13) 

0.28***(0.09) 
0.11 (0.08) 

0.13*(0.07) 
Finland 
2011&2016 
N=8,841 

Educ1 (N=2,283) 
Educ2 (N=2,083) 
Educ3 (N=4,475) 

 -0.11 (0.08) 
-0.10 (0.08) 

-0.18** (0.07) 

-0.09 (0.08) 
-0.09 (0.08) 

-0.15** (0.02) 

 
-0.11* (0.06) 
-0.11* (0.08) 

-0.12** (0.08) 

-0.09 (0.06) 
0.07 (0.07) 

-0.14 (0.06) 

 
0.03 (0.08) 
0.02 (0.07) 
0.01 (0.05) 

0.02 (0.08) 
0.01 (0.06) 
0.02 (0.05) 

Norway 
2011&2016 
N=6,376 

Educ1 (N=909) 
Educ2 (N=1,393) 
Educ3 (N=4,074) 

 0.10 (0.15) 
-0.20 (0.18) 
-0.05 (0.14) 

-0.09 (0.19) 
0.31 (0.20) 
0.20 (0.13) 

 
0.08 (0.12) 

-0.06 (0.10) 
0.09 (0.08) 

-0.07 (0.12) 
0.02 (0.09) 

-0.08 (0.07) 

 
-0.02 (0.13) 
0.18 (0.15) 
0.22 (0.08) 

-0.06 (0.11) 
-0.03 (0.09) 
-0.14 (0.07) 

Sweden 
2011&2016 
N=7,593 

Educ1 (N=2,412) 
Educ2 (N=1,868) 
Educ3 (N=3,317) 

 0.15 (0.13) 
-0.03 (0.18) 
-0.25 (0.36) 

0.20 (0.15) 
-0.05 (0.14) 
0.12 (0.22) 

 
0.08 (0.12) 
0.04 (0.09) 
0.20 (0.21) 

0.17 (0.11) 
-0.10 (0.11) 
0.29 (0.19) 

 
-0.17 (0.10) 
0.10 (0.11) 
0.09 (0.11) 

0.01 (0.07) 
-0.04 (0.08) 

0.21*** (0.08) 
France 
2011&2016 
N=7,652 

Educ1 (N=3,545) 
Educ2 (N=1,475) 
 Educ3 (N=2,632 

 -0.21 (0.19) 
0.17 (0.17) 
0.33 (0.84) 

0.09 (0.11) 
0.3 (0.19) 
0.2 (0.18) 

 
-0.03 ((0.13) 

0.12 (0.14) 
0.07 (0.4) 

0.13* (0.08) 
0.26* (0.13) 

0.38***(0.09) 

 
0.04 (0.05) 

-0.04 (0.08) 
0.12 (0.10) 

0.02 (0.05) 
0.03 (0.07) 
0.10 (0.08) 

  

Belgium Fl. 
2006&2016 
N=7,667 

Educ1 (N=2,412) 
Educ2 (N=1,878) 
Educ3 (N=3,377) 

 0.11 (0.35) 
0.16* (0.18) 

0.15 (0.17) 

0.07 (0.21) 
-0.24** (0.19) 

0.03 (0.17) 

 
0.27 (0.22) 

0.24* (0.14) 
0.19 (0.15) 

0.04 (0.15) 
0.07 (0.12) 
0.18 (0.13) 

 
0.06 (0.08) 
0.14 (0.10) 
0.11 (0.07) 

0.11 (0.07) 
0.10 (0.09) 
0.06 (0.06) 

Belgium Fr. 
2011&2016 
N=6,375 

Educ1 (N=1,950) 
Educ2 (N=803) 
Educ3 (N=3,622) 

 -0.28* (0.15) 
0.50 (0.38) 
0.04 (0.27 

-0.14 (0.17) 
0.05 (0.28) 

0.53** (0.24) 

 
-0.16 (0.14) 

0.81** (0.38) 
0.06 (0.17) 

-0.17 (0.13) 
0.09 (0.20) 

0.64*** (0.23) 

 
-0.01 (0.08) 
0.29* (0.16) 

0.09 (0.07) 

0.03 (0.07) 
0.16 (0.13) 

0.21*** (0.07) 
Ontario 
2011&2016 
N=6,421 

Educ1 (N=712) 
Educ2 (N=2,165) 
Educ3 (N=3,544) 

 0.29** (0.13) 
0.02 (0.09) 
0.09 (0.07) 

0.22* (0.12) 
0.06 (0.08) 
0.07 (0.08) 

 
0.38** (0.18) 

0.02 (0.09) 
0.15* (0.08) 

0.37** (0.17) 
0.03 (0.09) 

0.17** (0.09) 

 
0.07 (0.18) 

-0.03 (0.09) 
0.11* (0.06) 

0.05 (0.13) 
0.03 (0.09) 

0.10* (0.05) 
Québec 
2011&2016 
N=5,977 

Educ1 (N=689) 
Educ2 (N=2,247) 
Educ3 (N=3,041) 

 0.16* (0.09) 
0.00 (0.0) 

0.01 (0.05) 

0.17** (0.08) 
-0.03 (0.07) 
0.03 (0.05) 

 
0.11 (0.13) 
0.07 (0.07) 

0.15*** (0.06) 

0.23* (0.14) 
0.12 (0.08) 

0.21***(0.06) 

 
-0.02 (0.18) 
0.17 (0.010) 

0.07 (0.07) 

0.08 (0.16) 
0.14 (0.09) 

0.18**(0.08) 
Notes: Education levels (see Table C): Educ1 (Lower): ≤Secondary; Educ2 (Medium): Postsecondary; Educ3 (High): ≥University. Belgium Fl.: Belgium Flemish jurisdiction; 
Belgium Fr.: Belgium French jurisdiction. 
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Supplementary statistical Tables 

Table A1: Number of students (N) and percentage distribution of parental education levels by preschool 
duration attendance levels in years, PIRLS 2006, 2011, 2016, and TIMSS 2015 and 2019 
    PIRLS TIMSS   PIRLS TIMSS 
    2006 2011 2016 2015 2019  2006 2011 2016 2015 2019 

  Denmark  Finland 
Low preschool (<=1 year) N  216 191 51 235 37  NA 1,498 797 1,498 601 

≤Secondary %  36 32 39 12 24  NA 36 36 36 35 
Postsecondary %  24 19 12 29 37  NA 27 22 27 14 
≥University %  40 49 49 59 40   NA 37 42 37 51 

Middle preschool (1-2 years) N  440 501 434 1,243 48  NA 733 1,599 733 402 
≤Secondary %  25 21 22 15 15  NA 28 28 28 27 
Postsecondary %  33 32 27 30 26  NA 30 19 30 15 
≥University %  42 46 51 55 59   NA 43 53 43 58 

High preschool (=>3 years) N  2,661 3,201 2,539 1,740 2,509  NA 2,232 2,110 2,232 3,048 
≤Secondary %  19 17 12 8 9  NA 26 20 26 24 
Postsecondary %  30 24 22 24 17  NA 27 20 27 14 
≥University %   52 59 66 69 73   NA 47 60 47 63 

   Norway Grade 5 (# if Grade 4)  Sweden 
Low preschool (<=1 year) N  758# 347# 454 130 95  909 548 169 626 220 

≤Secondary %  35 36 23 24 34  42 46 36 36 48 
Postsecondary %  35 32 29 42 21  37 27 29 34 29 
≥University %  31 32 48 35 45  22 27 35 31 22 

Middle preschool (1-2 years) N  496# 412# 766 387 88  393 358 592 924 641 
≤Secondary %  26 22 25 22 39  30 27 18 26 22 
Postsecondary %  35 30 29 30 34  40 38 25 25 25 
≥University %  39 48 46 48 28  30 35 57 50 53 

High preschool (=>3 years) N  2,142# 2,017# 2,480 1,295 3,290  2,166 2,740 2,821 5,072 3,425 
≤Secondary %  17 13 10 9 12  23 27 18 21 18 
Postsecondary %  26 22 21 24 20  36 26 25 25 23 
≥University %  58 65 69 67 68  41 47 57 54 59 

   Belgium Flemish  Belgium French 
Low preschool (<=1 year) N  99 NA 193 629 149  220 120 66 NA NA 

≤Secondary %  55 NA 42 45 48  47 56 51 NA NA 
Postsecondary %  15 NA 29 22 15  41 11 17 NA NA 
≥University %  31  NA 29 33 36  12 32 32  NA  NA 

Middle preschool (1-2 years) N  461 NA 1,54 1,337 207  664 583 187 NA NA 
≤Secondary %  46 NA 33 32 25  51 40 44 NA NA 
Postsecondary %  23 NA 25 25 25  40 16 11 NA NA 
≥University %  31  NA 42 44 49  9 44 46  NA  NA 

High preschool (=>3 years) N  3,518 NA 2,782 2,861 3,570  2,937 2,383 3,413 NA NA 
≤Secondary %  40 NA 14 16 20  40 34 29 NA NA 
Postsecondary %  28 NA 17 17 17  51 13 13 NA NA 
≥University %   32  NA 69 67 63   10 54 58  NA  NA                             

Notes and Sources: See end of Table A1.  
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Table A1: End 
    PIRLS TIMSS     
    2006 2011 2016 2015 2019       
   France   
Low preschool (<=1 year) N  160 151 532 562 348       

≤Secondary %  65 61 57 56 54       
Postsecondary %  11 13 19 19 18       
≥University %  24 26 25 25 28       

Middle preschool (1-2 years) N  739 807 1,579 2,372 257       
≤Secondary %  63 58 42 45 50       
Postsecondary %  15 19 24 23 15       
≥University %  21 23 34 33 35       

High preschool (=>3 years) N  2,864 2,969 950 1,127 4,624       
≤Secondary %  57 50 38 39 39       
Postsecondary %  16 18 20 23 23       
≥University %  27 32 42 38 38       

   Ontario  Québec 
Low preschool (<=1 year) N  2,763 2,385 859 2,096 683  2,463 2,752 481 912 430 

≤Secondary %  24 19 19 18 12  21 15 15 19 19 
Postsecondary %  38 40 43 34 38  40 42 43 35 38 
≥University %  38 41 38 48 50  39 44 42 47 44 

Middle preschool (1-2 years) N  262 441 1,791 801 660  233 304 1,040 558 309 
≤Secondary %  16 12 10 8 10  13 13 10 10 12 
Postsecondary %  31 32 36 32 30  30 33 41 30 29 
≥University %  53 57 54 60 60  57 53 49 60 59 

High preschool (=>3 years) N  321 652 637 628 893  349 547 1,166 885 1,392 
≤Secondary %  10 9 6 5 5  16 14 6 6 7 
Postsecondary %  31 27 35 32 27  32 33 37 33 35 
≥University %   59 64 59 63 69   52 53 57 61 58 

Notes: If student's information on parental education and preschool duration are not missing. NA: jurisdiction did not 
participate in the year-survey. Attendance levels: Low: 0 to =<1 years; Middle: 1-2 years; High: =>3 years. Parental 
education levels: Lower: ≤Secondary; Middle: postsecondary; High: ≥University. 
Source: Authors' computation from weighted PIRLS and TIMSS data sets.
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Table A2: Percentile distribution of students' reading z-scores, by preschool duration (in years), parental education levels, selected jurisdiction, PIRLS 2006-2011-2016 
Statistics  N %N Mean SD P25 P50 P75 P90 P75-P25  Statistics N %N Mean SD P25 P50 P75 P90 P75-P25 
  Preschool duration levels in years  Parental education levels 
Denmark 2006  3,317 1.00 0.23 1.01 -0.36 0.34 0.92 1.43 1.27  Denmark 2006 3,317 1.00 0.23 1.01 -0.36 0.34 0.92 1.43 1.27 

<=1 year  216 0.07 0.00 1.04 -0.67 0.10 0.73 1.31 1.40  ≤Secondary 662 0.20 -0.18 1.06 -0.79 -0.04 0.53 1.04 1.33 
1-2 years  440 0.13 0.16 1.01 -0.40 0.32 0.80 1.30 1.20  Postsecondary 946 0.29 0.17 1.00 -0.44 0.28 0.85 1.38 1.28 
=>3 years  2,661 0.80 0.26 1.01 -0.32 0.37 0.95 1.46 1.27  ≥University 1,709 0.52 0.43 0.95 -0.13 0.52 1.08 1.56 1.20 

Denmark 2011  3,904 1.00 0.24 0.94 -0.34 0.31 0.89 1.38 1.24  Denmark 2011 3,904 1.00 0.24 0.94 -0.34 0.31 0.89 1.38 1.24 
<=1 year  191 0.05 -0.14 0.99 -0.73 -0.07 0.51 1.14 1.24  ≤Secondary 695 0.18 -0.14 0.97 -0.78 -0.07 0.51 1.04 1.29 
1-2 years  501 0.13 0.12 0.93 -0.45 0.20 0.76 1.23 1.21  Postsecondary 962 0.25 0.12 0.93 -0.45 0.19 0.77 1.24 1.23 
=>3 years  3,212 0.82 0.28 0.93 -0.30 0.35 0.93 1.42 1.23  ≥University 2,247 0.58 0.42 0.89 -0.14 0.48 1.04 1.51 1.18 

Denmark 2016  3,024 1.00 0.20 0.95 -0.36 0.27 0.85 1.33 1.21  Denmark 2016 3,024 1.00 0.20 0.95 -0.36 0.27 0.85 1.33 1.21 
<=1 year  51 0.02 -0.55 1.28 -1.37 -0.48 0.34 1.00 1.71  ≤Secondary 416 0.14 -0.29 0.94 -0.88 -0.19 0.39 0.81 1.27 
1-2 years  434 0.14 -0.05 0.98 -0.66 0.07 0.63 1.11 1.29  Postsecondary 6,94 0.23 0.01 0.94 -0.58 0.08 0.65 1.13 1.23 
=>3 years  2,539 0.84 0.26 0.92 -0.30 0.32 0.88 1.37 1.18  ≥University 1,914 0.63 0.37 0.90 -0.16 0.43 0.98 1.45 1.15 

Finland 2011  4,463 1.00 0.40 0.93 -0.18 0.44 1.04 1.56 1.22  Finland 2011 4,463 1.00 0.40 0.93 -0.18 0.44 1.04 1.56 1.22 
<=1 year  1,498 0.34 0.41 0.95 -0.18 0.46 1.07 1.57 1.25  ≤Secondary 1,233 0.28 0.07 0.92 -0.50 0.10 0.73 1.18 1.23 
1-2 years  733 0.16 0.36 0.92 -0.23 0.39 1.00 1.49 1.23  Postsecondary 1,211 0.27 0.40 0.87 -0.16 0.41 0.99 1.52 1.15 
=>3 years  2,232 0.50 0.41 0.93 -0.16 0.45 1.03 1.56 1.19  ≥University 2,019 0.45 0.64 0.91 0.07 0.68 1.27 1.78 1.19 

Finland 2016  4,506 1.00 0.45 0.92 -0.12 0.50 1.07 1.57 1.19  Finland 2016 4,506 1.00 0.45 0.92 -0.12 0.50 1.07 1.57 1.19 
<=1 year  797 0.18 0.47 0.94 -0.11 0.51 1.12 1.60 1.23  ≤Secondary 1,111 0.25 0.09 0.94 -0.46 0.14 0.72 1.20 1.19 
1-2 years  1,599 0.35 0.40 0.92 -0.14 0.49 1.03 1.50 1.17  Postsecondary 903 0.20 0.30 0.91 -0.23 0.33 0.92 1.42 1.15 
=>3 years  2,110 0.47 0.47 0.91 -0.1 0.52 1.09 1.59 1.19  ≥University 2,492 0.55 0.67 0.85 0.15 0.71 1.25 1.72 1.10 

Norway 2006  3,396 1.00 -0.50 0.96 -1.10 -0.42 0.17 0.67 1.27  Norway 2006 3,396 1.00 -0.50 0.96 -1.10 -0.42 0.17 0.67 1.27 
<=1 year  758 0.22 -0.68 1.00 -1.33 -0.56 -0.02 0.53 1.31  ≤Secondary 751 0.22 -0.90 0.99 -1.56 -0.79 -0.20 0.24 1.36 
1-2 years  496 0.15 -0.64 0.98 -1.32 -0.54 0.09 0.59 1.41  Postsecondary 996 0.29 -0.61 0.93 -1.18 -0.52 0.00 0.47 1.18 
=>3 years  2,142 0.63 -0.40 0.93 -0.96 -0.34 0.24 0.73 1.20  ≥University 1,649 0.49 -0.25 0.90 -0.83 -0.19 0.40 0.84 1.23 

Norway 2011  2,776 1.00 -0.47 0.90 -1.06 -0.41 0.15 0.63 1.21  Norway 2011 2,776 1.00 -0.47 0.90 -1.06 -0.41 0.15 0.63 1.21 
<=1 year  347 0.13 -0.65 0.91 -1.28 -0.63 0.03 0.52 1.31  ≤Secondary 468 0.17 -0.87 0.88 -1.43 -0.78 -0.26 0.22 1.17 
1-2 years  412 0.15 -0.57 0.90 -1.15 -0.55 0.02 0.61 1.17  Postsecondary 619 0.22 -0.60 0.89 -1.14 -0.57 0.01 0.51 1.16 
=>3 years  2,017 0.73 -0.42 0.90 -0.99 -0.35 0.19 0.65 1.19  ≥University 1,689 0.61 -0.30 0.87 -0.87 -0.25 0.30 0.74 1.17 

Norway 2016  3,812 1.00 -0.24 0.98 -0.84 -0.16 0.44 0.97 1.28  Norway 2016 3,812 1.00 -0.24 0.98 -0.84 -0.16 0.44 0.97 1.28 
<=1 year  471 0.12 -0.41 0.97 -1.06 -0.32 0.27 0.84 1.32  ≤Secondary 527 0.14 -0.69 0.97 -1.33 -0.63 -0.03 0.51 1.31 
1-2 years  698 0.18 -0.43 0.99 -1.03 -0.31 0.25 0.78 1.28  Postsecondary 825 0.22 -0.45 0.94 -1.01 -0.35 0.21 0.68 1.22 
=>3 years  2,643 0.69 -0.15 0.97 -0.75 -0.08 0.52 1.04 1.27  ≥University 3,460 0.91 -0.05 0.95 -0.62 0.02 0.61 1.09 1.23 

Sweden 2006  3,468 1.00 0.28 0.92 -0.27 0.33 0.90 1.40 1.17  Sweden 2006 3,468 1.00 0.28 0.92 -0.27 0.33 0.90 1.40 1.17 
<=1 year  909 0.26 0.05 0.95 -0.50 0.16 0.70 1.17 1.20  ≤Secondary 969 0.28 -0.06 0.94 -0.63 0.05 0.59 1.04 1.23 
1-2 years  393 0.11 0.26 0.86 -0.23 0.29 0.83 1.29 1.06  Postsecondary 1,238 0.36 0.17 0.25 0.86 -0.29 0.31 0.84 -0.55 
=>3 years  2,166 0.62 0.38 0.90 -0.17 0.41 0.99 1.49 1.16  ≥University 1,261 0.36 0.59 0.87 0.04 0.61 1.18 1.67 1.14 

Sweden 2011  3,646 1.00 0.09 0.94 -0.48 0.136 0.71 1.24 1.19  Sweden 2011 3,646 1.00 0.09 0.94 -0.48 0.14 0.71 1.24 1.19 
<=1 year  548 0.15 -0.17 1.00 -0.79 -0.08 0.47 1.02 1.25  ≤Secondary 1,090 0.30 -0.28 0.94 -0.88 -0.22 0.37 0.85 1.25 
1-2 years  358 0.10 -0.01 0.83 -0.48 0.02 0.55 0.97 1.02  Postsecondary 996 0.27 0.02 0.86 -0.50 0.06 0.59 1.05 1.09 
=>3 years  2,740 0.75 0.16 0.93 -0.41 0.19 0.79 1.31 1.20  ≥University 1,560 0.43 0.39 0.89 -0.16 0.40 0.98 1.48 1.13 

Notes and Sources: See end of Table A2. 
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Table A2: Continued 
Statistics  N %N Mean SD P25 P50 P75 P90 P75-P25  Statistics N %N Mean SD P25 P50 P75 P90 P75-P25 
  Preschool duration in years  Parental education levels 
Sweden 2016  3,582 1.00 0.34 0.92 -0.22 0.41 0.97 1.45 1.19  Sweden 2016 3,582 1.00 0.34 0.92 -0.22 0.41 0.97 1.45 1.19 

<=1 year  169 0.05 -0.09 0.98 -0.64 -0.07 0.45 1.16 1.09  ≤Secondary 725 0.20 -0.11 0.93 -0.64 -0.02 0.52 0.98 1.16 
1-2 years  592 0.17 0.27 0.92 -0.28 0.32 0.89 1.37 1.17  Postsecondary 918 0.26 0.17 0.91 -0.40 0.22 0.81 1.27 1.21 
=>3 years  2,821 0.79 0.38 0.92 -0.18 0.46 1.01 1.47 1.18  ≥University 1,939 0.54 0.58 0.85 0.08 0.64 1.16 1.60 1.08 

Belgium Fl. 2011  4,078 1.00 0.22 0.80 -0.29 0.25 0.76 1.22 1.05  Belgium Fl. 2011 4,078 1.00 0.22 0.80 -0.29 0.25 0.76 1.22 1.05 
<=1 year  99 0.02 -0.03 0.99 -0.58 0.11 0.67 1.08 1.25  ≤Secondary 1,675 0.41 -0.11 0.77 -0.59 -0.08 0.41 0.86 1.00 
1-2 years  461 0.11 0.12 0.86 -0.47 0.18 0.71 1.17 1.18  Postsecondary 1,097 0.27 0.35 0.71 -0.11 0.35 0.81 1.24 0.93 
=>3 years  3,518 0.86 0.24 0.78 -0.26 0.26 0.77 1.23 1.03  ≥University 1,306 0.32 0.54 0.75 0.08 0.58 1.02 1.48 0.94 

Belgium Fl. 2016  4,465 1.00 -0.11 0.84 -0.66 -0.08 0.47 0.93 1.13  Belgium Fl. 2016 4,465 1.00 -0.11 0.84 -0.66 -0.08 0.47 0.93 1.13 
<=1 year  193 0.04 -0.52 0.86 -1.09 -0.56 0.11 0.63 1.20  ≤Secondary 981 0.22 -0.44 0.83 -0.98 -0.41 0.16 0.60 1.14 
1-2 years  1,540 0.34 -0.27 0.85 -0.82 -0.22 0.32 0.79 1.14  Postsecondary 876 0.20 -0.35 0.78 -0.84 -0.31 0.18 0.62 1.02 
=>3 years  2,732 0.61 0.01 0.80 -0.53 0.02 0.57 1.02 1.10  ≥University 2,608 0.58 0.10 0.80 -0.42 0.13 0.66 1.08 1.08 

Belgium Fr. 2006  3,821 1.00 -0.46 1.00 -1.11 -0.41 0.22 0.78 1.33  Belgium Fr. 2006 3,821 1.00 -0.46 1.00 -1.11 -0.41 0.22 0.78 1.33 
<=1 year  220 0.06 -0.75 1.17 -1.56 -0.68 0.11 0.73 1.67  ≤Secondary 1,566 0.41 -0.82 0.95 -1.45 -0.79 -0.16 0.34 1.28 
1-2 years  664 0.17 -0.61 1.00 -1.29 -0.58 0.07 0.63 1.36  Postsecondary 1,865 0.49 -0.25 0.93 -0.84 -0.21 0.38 0.90 1.22 
=>3 years  2,937 0.77 -0.41 0.97 -1.04 -0.36 0.26 0.80 1.29  ≥University 390 0.10 0.05 0.98 -0.49 0.16 0.70 1.22 1.19 

Belgium Fr. 2011  3,086 1.00 -0.47 0.95 -1.06 -0.43 0.18 0.71 1.25  Belgium Fr. 2006 3,086 1.00 -0.47 0.95 -1.06 -0.43 0.18 0.71 1.25 
<=1 year  120 0.04 -0.94 1.06 -1.58 -0.96 -0.20 0.49 1.38  ≤Secondary 1,083 0.35 -0.85 0.89 -1.41 -0.80 -0.23 0.26 1.17 
1-2 years  583 0.19 -0.62 0.93 -1.20 -0.57 0.04 0.56 1.24  Postsecondary 393 0.13 -0.79 0.90 -1.35 -0.75 -0.19 0.37 1.16 
=>3 years  2,383 0.77 -0.41 0.94 -1.00 -0.37 0.23 0.75 1.23  ≥University 1,610 0.52 -0.12 0.86 -0.65 -0.09 0.47 0.93 1.12 

Belgium Fr. 2016  3,666 1.00 -0.51 0.96 -1.13 -0.47 0.14 0.70 1.28  Belgium Fr. 2006 3,666 1.00 -0.51 0.96 -1.13 -0.47 0.14 0.70 1.28 
<=1 year  66 0.02 -0.96 0.86 -1.54 -0.96 -0.39 -0.10 1.14  ≤Secondary 1,070 0.29 -0.92 0.95 -1.51 -0.92 -0.28 0.29 1.23 
1-2 years  187 0.05 -0.81 0.99 -1.51 -0.73 -0.10 0.40 1.40  Postsecondary 452 0.12 -0.89 0.84 -1.44 -0.87 -0.31 0.19 1.13 
=>3 years  3,413 0.93 -0.49 0.96 -1.11 -0.45 0.17 0.72 1.27  ≥University 2,144 0.58 -0.20 0.88 -0.75 -0.19 0.39 0.91 1.14 

France 2006  3,733 1.00 -0.12 0.96 -0.74 -0.07 0.55 1.08 1.29  France 2006 3763 1.00 -0.12 0.96 -0.74 -0.07 0.55 1.08 1.29 
<=1 year  160 0.04 -0.22 1.01 -0.92 -0.24 0.52 1.16 1.44  ≤Secondary 2,138 0.57 -0.40 0.92 -0.97 -0.36 0.24 0.77 1.21 
1-2 years  739 0.20 -0.26 0.95 -0.88 -0.22 0.38 0.94 1.26  Postsecondary 585 0.16 0.09 0.89 -0.41 0.15 0.69 1.19 1.10 
=>3 years  2,864 0.77 -0.07 0.96 -0.69 -0.01 0.59 1.11 1.28  ≥University 1,040 0.28 0.38 0.87 -0.13 0.45 0.97 1.43 1.11 

France 2011  3,927 1.00 -0.27 0.99 -0.93 -0.21 0.42 0.96 1.34  France 2011 3,763 1.00 -0.12 0.96 -0.74 -0.07 0.55 1.08 1.29 
<=1 year  151 0.04 -0.39 1.06 -1.08 -0.35 0.35 0.88 1.43  ≤Secondary 2,138 0.57 -0.40 0.92 -0.97 -0.36 0.24 0.77 1.21 
1-2 years  807 0.21 -0.37 0.96 -1.01 -0.33 0.30 0.83 1.31  Postsecondary 585 0.16 0.09 0.89 -0.41 0.15 0.69 1.19 1.10 
=>3 years  2,969 0.76 -0.24 1.00 -0.89 -0.18 0.45 1.00 1.34  ≥University 1,040 0.28 0.38 0.87 -0.13 0.45 0.97 1.43 1.11 

France 2016  4,061 1.00 -0.31 0.96 -0.91 -0.25 0.36 0.86 1.27  France 2016 4,061 1.00 -0.31 0.96 -0.91 -0.25 0.36 0.86 1.27 
<=1 year  532 0.13 -0.62 0.99 -1.29 -0.55 0.08 0.58 1.37  ≤Secondary 1,793 0.44 -0.64 0.94 -1.23 -0.58 0.00 0.50 1.23 
1-2 years  2,579 0.64 -0.32 0.94 -0.91 -0.25 0.34 0.83 1.25  Postsecondary 815 0.20 -0.24 0.88 -0.79 -0.20 0.37 0.88 1.16 
=>3 years  950 0.23 -0.14 0.96 -0.73 -0.08 0.52 1.02 1.25  ≥University 1,453 0.36 0.04 0.91 -0.52 0.12 0.66 1.11 1.18 

Notes and Sources: See end of Table A2.
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Table A2: End 
Statistics  N %N Mean SD P25 P50 P75 P90 P75-P25  Statistics N %N Mean SD P25 P50 P75 P90 P75-P25 
  Preschool duration in years  Parental education levels 
Ontario 2006  3,346 1.00 0.35 1.02 -0.30 0.39 1.05 1.65 1.35  Ontario 2006 3,346 1.00 0.35 1.02 -0.30 0.39 1.05 1.65 1.35 

<=1 year  2,763 0.83 0.34 1.02 -0.31 0.36 1.03 1.64 1.34  ≤Secondary 607 0.18 0.03 1.03 -0.63 0.05 0.73 1.28 1.36 
1-2 years  262 0.08 0.53 1.06 -0.77 0.54 1.19 1.79 1.96  Postsecondary 1,122 0.34 0.29 0.97 -0.30 0.32 0.94 1.56 1.24 
=>3 years  321 0.10 0.39 1.03 -0.32 0.49 1.15 1.67 1.47  ≥University 1,517 0.45 0.58 0.99 -0.08 0.61 1.28 1.84 1.35 

Ontario 2011  3,478 1.00 0.24 1.03 -0.40 0.30 0.95 1.51 1.34  Ontario 2011 3,478 1.00 0.24 1.03 -0.40 0.30 0.95 1.51 1.34 
<=1 year  2,585 0.74 0.17 1.04 -0.47 0.251 0.89 1.45 1.36  ≤Secondary 484 0.14 -0.14 1.02 -0.83 -0.08 0.59 1.13 1.42 
1-2 years  441 0.13 0.27 1.00 -0.36 0.26 0.96 1.51 1.33  Postsecondary 1,173 0.34 0.04 1.01 -0.55 0.15 0.70 1.22 1.25 
=>3 years  652 0.19 0.42 1.01 -0.2 0.50 1.13 1.63 1.33  ≥University 1,821 0.52 0.51 0.97 -0.12 0.55 1.20 1.73 1.32 

Ontario 2016  3,287 1.00 0.19 1.08 -0.48 0.29 0.94 1.49 1.42  Ontario 2016 3,287 1.00 0.19 -0.48 0.29 0.94 1.49 1.47 1.20 
<=1 year  859 0.26 0.00 1.08 -0.68 0.021 0.75 1.33 1.43  ≤Secondary 326 0.10 -0.23 1.08 -0.96 -0.16 0.56 1.09 1.52 
1-2 years  1,791 0.54 0.25 1.08 -0.41 0.361 1.00 1.55 1.41  Postsecondary 1,111 0.34 0.45 1.02 -0.19 0.53 1.15 1.72 1.34 
=>3 years  637 0.19 0.28 1.04 -0.32 0.413 0.99 1.50 1.30  ≥University 1,850 0.56 0.19 1.08 -0.48 0.29 0.94 1.49 1.42 

Québec 2006  3,045 1.00 0.03 0.92 -0.55 0.07 0.67 1.17 1.22  Québec 2006 3,045 1.00 0.03 0.92 -0.55 0.07 0.67 1.17 1.22 
<=1 year  2,463 0.81 0.03 0.92 -0.54 0.08 0.66 1.16 1.21  ≤Secondary 649 0.21 -0.34 0.92 -0.94 -0.28 0.30 0.81 1.24 
1-2 years  233 0.08 0.12 0.94 -0.51 0.08 0.84 1.34 1.36  Postsecondary 1,141 0.37 -0.08 0.88 -0.62 -0.04 0.52 1.01 1.14 
=>3 years  349 0.11 -0.01 0.94 -0.60 0.02 0.64 1.10 1.23  ≥University 1,255 0.41 0.31 0.88 -0.26 0.34 0.91 1.40 1.17 

Québec 2011  3,603 1.00 -0.01 0.90 -0.59 0.02 0.60 1.10 1.19  Québec 2016 3,603 1.00 -0.01 0.90 -0.59 0.02 0.60 1.10 1.19 
<=1 year  2,752 0.76 -0.05 0.89 -0.62 -0.02 0.55 1.06 1.18  ≤Secondary 509 0.14 -0.40 0.86 -0.88 -0.35 0.19 0.63 1.07 
1-2 years  304 0.08 0.12 0.86 -0.46 0.16 0.71 1.19 1.17  Postsecondary 1,396 0.39 -0.16 0.87 -0.72 -0.13 0.42 0.92 1.14 
=>3 years  547 0.15 0.20 0.93 -0.39 0.21 0.83 1.34 1.23  ≥University 1,698 0.47 0.25 0.86 -0.32 0.29 0.83 1.31 1.15 

Québec 2016  2,687 1.00 0.19 0.90 -0.39 0.22 0.79 1.33 1.18  Québec 2016 2,687 1.00 0.19 0.90 -0.39 0.22 0.79 1.33 1.18 
<=1 year  481 0.18 0.08 0.93 -0.48 0.09 0.71 1.24 1.19  ≤Secondary 246 0.09 -0.28 0.94 -0.84 -0.23 0.38 0.91 1.23 
1-2 years  1,040 0.39 0.17 0.91 -0.42 0.21 0.78 1.31 1.19  Postsecondary 978 0.36 0.04 0.84 -0.54 0.04 0.61 1.11 1.16 
=>3 years  1,166 0.43 0.25 0.87 -0.34 0.28 0.84 1.38 1.18  ≥University 1,463 0.54 0.40 0.87 -0.16 0.44 0.97 1.49 1.14 

Notes: International z-scores are computed with house weight; percentile based on 5 plausible values and if student's information on parental education and preschool 
attendance are not missing. N: number of students in Grade 4 (and Grade 5 in Norway) with test scores and parental covariates; SD: standard deviation; P10 indicates the 
10th percentile of the distribution, P25 the 25th percentile, etc.; P75-P25 the z-score gap between the P75 and P25 percentiles. The jurisdictions that did not participate in 
a year-survey are not indicated (see Table A). Attendance levels: Lower: 0 to <=1 years; Middle: 1-3 years; High: =>3 years. Parental education levels: Lower: ≤Secondary; 
Middle: Postsecondary; High: ≥University.  
Sources: Authors' computation from weighted PIRLS 2006, 2011, 2016 data sets.  



64 
 

Table A3: Percentile distribution of students' overall international math and science z-scores by jurisdiction and preschool duration levels, TIMSS 2015 and 2019 
Statistics  N %N   Mean SD P25 P50 P75 P90 P75-P25 Mean SD P25 P50 P75 P90  P75-P25 
       Math  Science   
Denmark 2015  3,218 1.00  0.20 1.05 -0.48 0.25 0.93 1.52 1.41 0.00 0.97 -0.61 0.05 0.65 1.18  1.27 

<=1 year  235 0.07  -0.06 1.08 -0.78 -0.06 0.63 1.33 1.41 -0.29 0.98 -0.86 -0.27 0.31 0.87  1.17 
1-2 years  1,243 0.39  0.13 1.05 -0.53 0.19 0.86 1.42 1.39 -0.08 0.96 -0.70 -0.02 0.58 1.08  1.28 
=>3 years  1,740 0.54  0.30 1.04 -0.40 0.33 1.01 1.60 1.41 0.10 0.95 -0.50 0.15 0.75 1.28  1.26 

Denmark 2019  2,644 1.00  0.01 1.00 -0.66 0.03 0.70 1.28 1.36 0.01 0.99 -0.59 0.05 0.71 1.25  1.30 
<=1 year  37 0.01  -0.49 1.29 -1.28 -0.26 0.17 1.40 1.45 -0.77 1.47 -1.33 -0.92 0.36 0.94  1.68 
1-2 years  98 0.04  -0.26 0.97 -0.91 -0.21 0.34 0.84 1.25 -0.34 1.13 -1.26 -0.10 0.29 1.05  1.55 
=>3 years  2,509 0.95  0.02 0.99 -0.64 0.05 0.71 1.28 1.36 0.04 0.97 -0.57 0.07 0.71 1.25  1.28 

Finland 2015  4,704 1.00  0.14 0.94 -0.46 0.19 0.79 1.32 1.26 0.37 0.91 -0.19 0.41 0.97 1.48  1.16 
<=1 year  1,393 0.30  0.15 0.93 -0.45 0.20 0.81 1.32 1.26 0.40 0.90 -0.17 0.43 0.99 1.53  1.16 
1-2 years  1,118 0.24  0.07 0.95 -0.53 0.10 0.71 1.27 1.24 0.31 0.93 -0.23 0.35 0.92 1.42  1.15 
=>3 years  2,193 0.47  0.17 0.94 -0.44 0.23 0.82 1.34 1.26 0.38 0.90 -0.19 0.43 0.98 1.48  1.16 

Finland 2019  4,051 1.00  0.11 1.00 -0.52 0.13 0.79 1.38 1.32 0.40 0.93 -0.17 0.45 1.04 1.53  1.21 
<=1 year  601 0.15  0.11 1.03 -0.55 0.16 0.85 1.37 1.40 0.43 0.96 -0.14 0.47 1.14 1.64  1.28 
1-2 years  402 0.10  0.15 0.99 -0.47 0.13 0.83 1.38 1.30 0.43 0.99 -0.18 0.49 1.11 1.62  1.29 
=>3 years  3,048 0.75  0.10 0.99 -0.52 0.13 0.79 1.38 1.32 0.40 0.91 -0.17 0.44 1.01 1.49  1.18 

Norway 5 2015  1,812 1.00  0.47 0.99 -0.16 0.51 1.14 1.63 1.30 0.29 0.88 -0.24 0.32 0.88 1.43  1.30 
<=1 year  130 0.07  0.05 1.10 -0.61 0.04 0.80 1.42 1.41 -0.18 1.10 -0.93 -0.17 0.59 1.03  1.41 
1-2 years  387 0.19  0.40 0.94 -0.18 0.39 1.01 1.57 1.19 0.30 0.86 -0.28 0.24 0.94 1.45  1.19 
=>3 years  1,295 0.76  0.53 0.98 -0.08 0.57 1.21 1.69 1.28 0.34 0.85 -0.18 0.37 0.89 1.44  1.28 

Norway 5 2019  3,473 1.00  0.00 1.00 -0.64 0.05 0.71 1.24 1.35 0.00 1.00 -0.61 0.08 0.72 1.22  1.33 
<=1 year  95 0.03  -0.34 1.02 -0.97 -0.42 0.49 1.00 1.46 -0.74 1.13 -1.67 -0.49 0.12 0.45  1.79 
1-2 years  88 0.03  -0.31 0.90 -0.85 -0.37 0.27 0.91 1.12 -0.43 1.11 -1.15 -0.27 0.39 0.92  1.54 
=>3 years  3,290 0.95  0.02 1.00 -0.62 0.07 0.72 1.25 1.34 0.04 0.98 -0.58 0.10 0.74 1.23  1.32 

Sweden 2015  6,622 1.00  -0.01 0.93 -0.61 0.03 0.63 1.14 1.24 0.28 0.99 -0.33 0.34 0.95 1.48  1.27 
<=1 year  626 0.09  -0.35 0.99 -1.05 -0.38 0.31 0.90 1.37 -0.19 1.14 -1.02 -0.19 0.62 1.29  1.65 
1-2 years  924 0.14  -0.06 0.97 -0.64 0.03 0.60 1.10 1.24 0.23 1.00 -0.38 0.34 0.93 1.45  1.31 
=>3 years  5,072 0.77  0.04 0.91 -0.54 0.08 0.67 1.17 1.21 0.35 0.95 -0.23 0.40 0.98 1.51  1.21 

Sweden 2019  4,286 1.00  0.02 1.00 -0.62 0.04 0.70 1.26 1.32 0.02 0.99 -0.57 0.09 0.69 1.25  1.26 
<=1 year  220 0.05  -0.52 1.05 -1.19 -0.52 0.19 0.83 1.38 -0.73 1.11 -1.49 -0.74 0.12 0.59  1.61 
1-2 years  641 0.15  -0.12 1.00 -0.75 -0.05 0.63 1.12 1.38 -0.10 1.01 -0.69 0.02 0.56 1.11  1.25 
=>3 years  3,425 0.80  0.08 0.98 -0.56 0.10 0.75 1.32 1.32 0.10 0.95 -0.48 0.15 0.75 1.29  1.24 

Notes and Sources: See end of Table A3.  
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Table A3: End 
Statistics  N %N   Mean SD P25 P50 P75 P90 P75-P25 Mean SD P25 P50 P75 P90  P75-P25 
       Math  Science   
Belgium Fl. 2015  4,827 1.00  0.30 0.86 -0.27 0.31 0.88 1.40 1.16 -0.21 0.86 -0.77 -0.17 0.39 0.87  1.16 

<=1 year  629 0.13  -0.08 0.89 -0.67 -0.08 0.51 1.01 1.17 -0.69 0.93 -1.32 -0.69 -0.02 0.49  1.30 
1-2 years  1,337 0.28  0.16 0.82 -0.40 0.17 0.73 1.22 1.13 -0.34 0.83 -0.90 -0.32 0.24 0.71  1.14 
=>3 years  2,861 0.59  0.45 0.83 -0.11 0.45 1.01 1.52 1.12 -0.04 0.81 -0.56 -0.02 0.51 0.98  1.07 

Belgium Fl. 2019  3,926 1,00  0.12 0.88 -0.47 0.13 0.73 1.25 1.20 -0.29 0.88 -0.84 -0.24 0.33 0.79  1.17 
<=1 year+  149 0,04  -0.39 0.91 -0.88 -0.42 0.06 0.79 0.94 -0.95 0.98 -1.61 -1.03 -0.29 0.38  1.32 
1-2 years  207 0,05  -0.20 0.92 -0.94 -0.16 0.46 1.04 1.40 -0.51 0.86 -1.04 -0.45 0.07 0.57  1.12 
=>3 years  3,570 0,91  0.16 0.87 -0.43 0.17 0.76 1.27 1.20 -0.25 0.86 -0.80 -0.20 0.36 0.81  1.16 

France 2015  4,061 1.00  -0.49 1.04 -1.18 -0.45 0.25 0.84 1.43 -0.53 1.01 -1.19 -0.48 0.18 0.73  1.37 
<=1 year  562 0.14  -0.77 1.10 -1.51 -0.77 -0.01 0.64 1.50 -0.75 1.07 -1.49 -0.68 -0.02 0.57  1.47 
1-2 years  2,372 0.58  -0.47 1.02 -1.17 -0.44 0.26 0.84 1.43 -0.52 0.98 -1.17 -0.49 0.17 0.70  1.34 
=>3 years  1,127 0.28  -0.37 1.03 -1.02 -0.33 0.33 0.92 1.35 -0.43 1.03 -1.10 -0.37 0.28 0.86  1.38 

France 2019  5,229 1.00  -0.02 1.02 -0.70 0.03 0.70 1.28 1.40 0.00 1.03 -0.67 0.06 0.73 1.28  1.39 
<=1 year  348 0.07  -0.36 1.04 -1.12 -0.31 0.39 0.98 1.51 -0.37 1.12 -1.18 -0.31 0.44 1.01  1.62 
1-2 years  257 0.05  -0.23 1.16 -1.14 -0.14 0.61 1.31 1.75 -0.15 1.15 -1.04 0.07 0.68 1.28  1.73 
=>3 years  4,624 0.88  0.02 1.01 -0.65 0.06 0.72 1.30 1.37 0.04 1.01 -0.61 0.08 0.75 1.30  1.36 

Ontario 2015  3,525 1.00  -0.12 1.02 -0.79 -0.09 0.56 1.16 1.35 0.09 1.00 -0.55 0.15 0.79 1.34  1.34 
<=1 year  2,096 0.59  -0.19 1.02 -0.88 -0.17 0.49 1.09 1.37 0.03 1.00 -0.63 0.09 0.73 1.26  1.36 
1-2 years  801 0.23  -0.04 1.02 -0.69 0.00 0.62 1.21 1.31 0.19 1.02 -0.46 0.24 0.88 1.46  1.33 
=>3 years  628 0.18  0.02 0.99 -0.63 0.08 0.69 1.27 1.32 0.21 0.98 -0.40 0.24 0.90 1.41  1.31 

Ontario 2019  2,236 1.00  -0.04 1.03 -0.76 0.00 0.67 1.24 1.43 0.10 1.00 -0.53 0.15 0.78 1.35  1.31 
<=1 year  683 0.31  -0.15 1.08 -0.89 -0.11 0.64 1.16 1.53 0.04 1.03 -0.63 0.12 0.75 1.29  1.38 
1-2 years  660 0.30  -0.08 1.00 -0.74 -0.07 0.61 1.33 1.36 0.05 0.99 -0.59 0.08 0.73 1.35  1.32 
=>3 years  893 0.40  0.07 1.00 -0.66 0.19 0.71 1.28 1.37 0.19 0.98 -0.44 0.21 0.84 1.44  1.28 

Québec 2015  2,355 1.00   0.18 0.94 -0.43 0.18 0.81 1.37 1.24 -0.01 0.92 -0.61 -0.01 0.61 1.15  1.22 
<=1 year  912 0.39  0.07 0.93 -0.51 0.06 0.70 1.22 1.22 -0.09 0.91 -0.76 -0.10 0.58 1.07  1.34 
1-2 years  558 0.24  0.11 0.94 -0.43 0.11 0.72 1.26 1.15 -0.02 0.96 -0.60 0.02 0.63 1.17  1.23 
=>3 years  885 0.38  0.32 0.95 -0.31 0.35 0.98 1.51 1.29 0.06 0.91 -0.53 0.06 0.68 1.20  1.21 

Québec 2019  2,131 1.00  0.12 0.88 -0.49 0.17 0.70 1.24 1.19 -0.01 0.87 -0.61 0.03 0.61 1.08  1.22 
<=1 year  430 0.20  0.01 0.92 -0.59 0.04 0.63 1.24 1.22 -0.10 0.91 -0.75 -0.05 0.56 1.12  1.31 
1-2 years  309 0.15  0.01 0.96 -0.61 -0.03 0.68 1.28 1.29 -0.05 0.90 -0.70 -0.01 0.57 1.08  1.27 
=>3 years  1,392 0.65  0.17 0.84 -0.40 0.21 0.73 1.24 1.13 0.02 0.85 -0.56 0.07 0.63 1.08  1.19 

Notes: International z-scores are computed with house weight; percentile based on 5 plausible values and if student's information on parental education and 
preschool attendance are not missing. N: number of students in Grade 4 (Grade 5 in Norway) with test scores and parental covariates; SD: standard deviation; 
P10 indicates the 10th percentile of the distribution, P25 the 25th percentile, etc.; P75-P25 the z-score gap between the P75 and P25 percentiles. The 
jurisdictions that did not participate in a year-survey are not indicated (see Table A). Attendance levels: Lower: 0 to <2 years; Middle: 2-3 years; High: =>3 years.  
Source: Authors' computation from weighted TIMSS data sets 2015 and 2019.  
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Table A4: Percentile distribution of students' overall math and science z-scores by jurisdiction and parental education levels, TIMSS 2015 and 2019 
Statistics  N %N   Mean SD P25 P50 P75 P90 P75-P25 Mean SD P25 P50 P75 P90 P75-P25 
     Math  Science  
Denmark 2015  3,218 1.00  0.20 1.05 -0.48 0.25 0.93 1.52 1.41 0.00 0.97 -0.61 0.05 0.65 1.18 1.27 

≤Secondary  347 0.11  -0.14 1.06 -0.82 -0.10 0.56 1.18 1.38 -0.36 1.01 -0.96 -0.32 0.32 0.86 1.28 
Postsecondary  838 0.26  0.03 1.00 -0.61 0.11 0.69 1.26 1.29 -0.17 0.92 -0.80 -0.12 0.48 0.98 1.28 
≥University  2,033 0.63  0.34 1.05 -0.36 0.38 1.06 1.64 1.42 0.13 0.95 -0.45 0.18 0.76 1.29 1.22 

Denmark 2019  2644 1.00  0.01 1.00 -0.66 0.03 0.70 1.28 1.36 0.01 0.99 -0.59 0.05 0.71 1.25 1.30 
≤Secondary  244 0.09  -0.44 0.97 -1.15 -0.34 0.21 0.69 1.36 -0.46 1.03 -1.05 -0.34 0.19 0.87 1.23 
Postsecondary  443 0.17  -0.31 0.99 -0.91 -0.37 0.32 1.02 1.23 -0.37 0.99 -1.00 -0.33 0.24 0.85 1.23 
≥University  1957 0.74  0.14 0.97 -0.49 0.17 0.79 1.37 1.28 0.16 0.95 -0.43 0.19 0.81 1.34 1.24 

Finland 2015  4,704 1.00  0.14 0.94 -0.46 0.19 0.79 1.32 1.26 0.37 0.91 -0.19 0.41 0.97 1.48 1.16 
≤Secondary  1,270 0.27  -0.17 0.93 -0.78 -0.11 0.48 0.95 1.25 0.06 0.89 -0.49 0.10 0.66 1.16 1.15 
Postsecondary  994 0.21  0.03 0.88 -0.55 0.04 0.63 1.17 1.18 0.30 0.86 -0.25 0.31 0.86 1.38 1.11 
≥University  2,440 0.52  0.37 0.91 -0.2 0.41 1.01 1.47 1.21 0.57 0.88 0.03 0.62 1.16 1.64 1.12 

Finland 2019  4,051 1.00  0.11 1.00 -0.52 0.13 0.79 1.38 1.32 0.40 0.93 -0.17 0.45 1.04 1.53 1.21 
≤Secondary  983 0.24  -0.21 0.96 -0.83 -0.23 0.43 1.02 1.27 0.13 0.93 -0.48 0.19 0.81 1.27 1.28 
Postsecondary  562 0.14  -0.21 0.97 -0.75 -0.14 0.42 0.97 1.17 0.17 0.88 -0.38 0.21 0.77 1.22 1.15 
≥University  2,506 0.62  0.31 0.97 -0.30 0.36 0.99 1.53 1.29 0.57 0.90 0.04 0.60 1.21 1.68 1.16 

Norway 5 2015  1,812 1.00  0.47 0.99 -0.16 0.51 1.14 1.63 1.30 0.29 0.88 -0.24 0.32 0.88 1.43 1.13 
≤Secondary  226 0.12  -0.15 1.07 -0.83 -0.13 0.59 1.32 1.42 -0.25 1.05 -0.95 -0.22 0.45 1.16 1.40 
Postsecondary  466 0.26  0.25 0.92 -0.36 0.31 0.93 1.39 1.29 0.13 0.87 -0.38 0.16 0.67 1.22 1.05 
≥University  1,120 0.62  0.69 0.92 0.07 0.70 1.28 1.86 1.21 0.48 0.79 -0.07 0.50 1.00 1.49 1.07 

Norway 5 2019  3,473 1.00  0.00 1.00 -0.64 0.05 0.71 1.24 1.35 0.00 1.00 -0.61 0.08 0.72 1.22 1.33 
≤Secondary  396 0.11  -0.46 0.91 -0.99 -0.45 0.14 0.71 1.13 -0.58 1.07 -1.23 -0.52 0.19 0.70 1.42 
Postsecondary  659 0.19  -0.28 0.93 -0.94 -0.23 0.40 0.90 1.34 -0.29 0.92 -0.92 -0.22 0.35 0.84 1.27 
≥University  2,418 0.70  0.18 0.99 -0.42 0.24 0.88 1.41 1.31 0.21 0.94 -0.36 0.28 0.87 1.35 1.23 

Sweden 2015  6,622 1.00  -0.01 0.93 -0.61 0.03 0.63 1.14 1.24 0.28 0.99 -0.33 0.34 0.95 1.48 1.27 
≤Secondary  1,416 0.21  -0.45 0.96 -1.09 -0.40 0.22 0.74 1.31 -0.20 1.08 -0.88 -0.14 0.55 1.12 1.43 
Postsecondary  1,636 0.25  -0.12 0.86 -0.64 -0.07 0.46 0.93 1.10 0.21 0.89 -0.35 0.25 0.80 1.28 1.15 
≥University  3,570 0.54  0.24 0.87 -0.33 0.27 0.85 1.34 1.18 0.53 0.91 -0.04 0.56 1.17 1.66 1.21 

Sweden 2019  4,286 1.00  0.02 1.00 -0.62 0.04 0.70 1.26 1.32 0.02 0.99 -0.57 0.09 0.69 1.25 1.26 
≤Secondary  857 0.20  -0.44 0.99 -1.07 -0.43 0.24 0.78 1.31 -0.47 1.05 -1.16 -0.40 0.28 0.79 1.44 
Postsecondary  984 0.23  -0.21 0.93 -0.83 -0.12 0.45 0.94 1.28 -0.18 0.93 -0.76 -0.14 0.45 1.00 1.21 
≥University  2,445 0.57  0.28 0.94 -0.34 0.33 0.94 1.48 1.28 0.29 0.90 -0.27 0.31 0.92 1.43 1.19 

Notes and Sources: See end of Table A4.  



67 
 

Table A4: End 
Statistics  N %N   Mean SD P25 P50 P75 P90 P75-P25 Mean SD P25 P50 P75 P90 P75-P25 
     Math  Science  
Belgium Fl. 2015  4,827 1.00  0.30 0.86 -0.27 0.31 0.88 1.40 1.16 -0.21 0.86 -0.77 -0.17 0.39 0.87 1.16 

≤Secondary  1,176 0.24  -0.12 0.79 -0.64 -0.11 0.41 0.89 1.05 -0.67 0.82 -1.22 -0.66 -0.09 0.38 1.13 
Postsecondary  968 0.20  0.09 0.77 -0.42 0.10 0.63 1.06 1.05 -0.41 0.77 -0.94 -0.38 0.13 0.54 1.07 
≥University  2,683 0.56  0.55 0.82 0.01 0.57 1.11 1.58 1.10 0.06 0.81 -0.44 0.09 0.61 1.06 1.06 

Belgium Fl. 2019  3,926 1.00  0.12 0.88 -0.47 0.13 0.73 1.25 1.20 -0.29 0.88 -0.84 -0.24 0.33 0.79 1.17 
≤Secondary  825 0.21  -0.29 0.86 -0.85 -0.25 0.26 0.77 1.11 -0.74 0.90 -1.36 -0.74 -0.12 0.45 1.24 
Postsecondary  712 0.18  -0.17 0.81 -0.74 -0.21 0.39 0.87 1.13 -0.55 0.82 -1.07 -0.53 -0.02 0.51 1.05 
≥University  2,389 0.61  0.35 0.83 -0.19 0.38 0.92 1.39 1.11 -0.05 0.80 -0.56 -0.02 0.49 0.91 1.05 

France 2015  4,061 1.00  -0.49 1.04 -1.18 -0.45 0.25 0.84 1.43 -0.53 1.01 -1.19 -0.48 0.18 0.73 1.37 
≤Secondary  1,869 0.46  -0.90 1.01 -1.58 -0.87 -0.21 0.39 1.37 -0.92 0.98 -1.58 -0.90 -0.24 0.33 1.34 
Postsecondary  853 0.21  -0.41 0.94 -1.03 -0.39 0.25 0.77 1.28 -0.49 0.91 -1.04 -0.44 0.16 0.61 1.20 
≥University  1,339 0.33  0.02 0.91 -0.57 0.07 0.67 1.16 1.24 -0.04 0.89 -0.61 0.00 0.57 1.06 1.18 

France 2019  5,229 1.00  -0.02 1.02 -0.70 0.03 0.70 1.28 1.40 0.00 1.03 -0.67 0.06 0.73 1.28 1.39 
≤Secondary  1,992 0.38  -0.49 0.97 -1.17 -0.48 0.17 0.73 1.35 -0.49 0.99 -1.15 -0.46 0.19 0.75 1.33 
Postsecondary  1,096 0.21  0.02 0.90 -0.60 0.08 0.68 1.12 1.28 0.05 0.91 -0.54 0.08 0.69 1.19 1.23 
≥University  2,141 0.41  0.48 0.91 -0.09 0.52 1.12 1.61 1.21 0.51 0.87 -0.02 0.55 1.11 1.59 1.13 

Ontario 2015  3,525 1.00  -0.12 1.02 -0.79 -0.09 0.56 1.16 1.35 0.09 1.00 -0.55 0.15 0.79 1.34 1.34 
≤Secondary  459 0.13  -0.52 1.02 -1.19 -0.49 0.18 0.76 1.37 -0.27 1.04 -0.94 -0.24 0.47 1.03 1.42 
Postsecondary  1,153 0.33  -0.34 0.97 -1.00 -0.3 0.34 0.88 1.34 -0.09 0.97 -0.72 -0.06 0.60 1.14 1.31 
≥University  1,913 0.54  0.11 0.98 -0.52 0.15 0.77 1.35 1.29 0.30 0.96 -0.31 0.36 0.95 1.49 1.26 

Ontario 2015  2,236 1.00  -0.04 1.03 -0.76 0.00 0.67 1.24 1.43 0.10 1.00 -0.53 0.15 0.78 1.35 1.31 
≤Secondary  188 0.08  -0.54 1.04 -1.28 -0.47 0.21 0.70 1.49 -0.39 0.98 -1.10 -0.39 0.38 0.76 1.48 
Postsecondary  668 0.30  -0.39 0.96 -0.98 -0.42 0.29 0.80 1.26 -0.11 0.98 -0.74 -0.07 0.53 1.07 1.27 
≥University  1,380 0.62  0.21 0.99 -0.45 0.31 0.86 1.45 1.31 0.29 0.97 -0.31 0.33 0.99 1.49 1.30 

Québec 2015  2,355 1.00   0.18 0.94 -0.43 0.18 0.81 1.37 1.24 -0.01 0.92 -0.61 -0.01 0.61 1.15 1.22 
≤Secondary  246 0.10  -0.32 0.94 -0.91 -0.29 0.32 0.85 1.22 -0.52 0.91 -1.10 -0.47 0.06 0.60 1.16 
Postsecondary  767 0.33  -0.02 0.86 -0.55 -0.03 0.56 1.07 1.11 -0.19 0.84 -0.75 -0.17 0.38 0.84 1.13 
≥University  1,342 0.57  0.40 0.92 -0.23 0.42 1.03 1.57 1.26 0.20 0.90 -0.39 0.21 0.83 1.33 1.22 

Québec 2019  2,196 1.00  0.11 0.88 -0.49 0.17 0.70 1.22 1.19 -0.02 0.88 -0.61 0.03 0.61 1.07 1.22 
≤Secondary  196 0.09  -0.53 0.87 -1.10 -0.53 0.16 0.63 1.25 -0.54 0.81 -1.10 -0.56 0.01 0.47 1.11 
Postsecondary  728 0.33  -0.08 0.81 -0.64 -0.06 0.48 0.98 1.12 -0.16 0.85 -0.76 -0.08 0.44 0.87 1.20 
≥University  1,272 0.58  0.35 0.84 -0.23 0.36 0.91 1.44 1.14 0.17 0.85 -0.38 0.19 0.76 1.28 1.15 

Notes: International z-scores are computed with house weight; percentile based on 5 plausible values and if student's information on parental 
education and preschool attendance are not missing. N: number of students in Grade 4 (Grade 5 in Norway) with test scores and parental covariates; 
SD: standard deviation; P10 indicates the 10th percentile of the distribution, P25 the 25th percentile, etc.; P75-P25 the z-score gap between the P75 
and P25 percentiles.  
Sources: Authors' computation from weighted TIMSS data sets 2015 and 2019.  
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Table A5: Percentile distribution of students' overall international reading z-scores by jurisdiction and tercile of parental socioeconomic levels, PIRLS 2006-2011-2016 
Statistics  N %N Mean SD P25 P50 P75 P90   N %N Mean SD P25 P50 P75 P90   N %N Mean SD P25 P50 P75 P90 
Jurisdiction Terciles of socioeconomic status 2006  Terciles of socioeconomic status 2011  Terciles of socioeconomic status 2016 
Denmark 3,248 1 0.24 1.00 -0.34 0.35 0.90 1.43  3,823 1 0.24 0.94 -0.35 0.31 0.91 1.38  2,924 1 0.17 0.94 -0.40 0.25 0.79 1.31 

Tercile 1 1,015 0.31 -0.04 1.00 -0.66 0.08 0.67 1.11  1,255 0.33 -0.07 0.94 -0.70 0.02 0.61 1.04  957 0.33 -0.12 0.94 -0.74 -0.05 0.52 0.97 
Tercile 2 1,049 0.32 0.24 1.00 -0.29 0.32 0.91 1.43  1,255 0.33 0.20 0.91 -0.38 0.27 0.82 1.26  996 0.34 0.15 0.92 -0.39 0.26 0.74 1.20 
Tercile 3 1,184 0.36 0.52 0.93 -0.04 0.61 1.10 1.69  1,313 0.34 0.60 0.86 0.05 0.64 1.19 1.67  971 0.33 0.49 0.87 -0.05 0.51 1.10 1.55 

Finland NA  4,387 1 0,41 0,93 -0,18 0,46 1,07 1,57  4,408 1 0,43 0,90 -0,13 0,49 1,04 1,53 
Tercile 1          1,355 0.31 0.22 0.90 -0.32 0.26 0.81 1.31  1,425 0.32 0.19 0.93 -0.39 0.24 0.85 1.35 
Tercile 2          1,436 0.33 0.35 0.95 -0.30 0.41 1.01 1.52  1,462 0.33 0.49 0.87 -0.11 0.57 1.08 1.53 
Tercile 3          1,596 0.36 0.67 0.90 0.12 0.71 1.31 1.78  1,521 0.35 0.62 0.85 0.09 0.64 1.17 1.69 

Norway 4#/5 3,264# 1 -0.48 0.95 -1.04 -0.41 0.16 0.67  2,696# 1 -0.46 0.90 -1.06 -0.41 0.19 0.63  3,623 1 0.32 0.93 -0.27 0.37 0.94 1.46 
Tercile 1 1,072 0.33 -0.73 0.97 -1.33 -0.62 -0.07 0.41  846 0.31 -0.67 0.91 -1.28 -0.65 -0.08 0.47  1,148 0.32 0.04 0.96 -0.55 0.12 0.72 1.11 
Tercile 2 1,128 0.35 -0.46 0.94 -1.01 -0.38 0.17 0.65  917 0.34 -0.40 0.90 -1.05 -0.39 0.25 0.70  1,245 0.34 0.43 0.89 -0.15 0.43 1.00 1.54 
Tercile 3 1,064 0.33 -0.23 0.89 -0.78 -0.19 0.35 0.83  933 0.35 -0.29 0.84 -0.81 -0.27 0.29 0.73  1,230 0.34 0.50 0.88 -0.07 0.54 1.11 1.59 

Sweden 3,585 1 0.28 0.92 -0.27 0.33 0.91 1.40  3,523 1 0.10 0.93 -0.45 0.15 0.72 1.21  3,491 1 0.31 0.92 -0.23 0.39 0.94 1.43 
Tercile 1 1,155 0.32 0.02 0.89 -0.48 0.07 0.60 1.14  1,163 0.33 -0.16 0.91 -0.76 -0.13 0.45 0.98  1,170 0.34 0.00 0.91 -0.52 0.08 0.61 1.12 
Tercile 2 1,184 0.33 0.23 0.94 -0.38 0.28 0.88 1.41  1,190 0.34 0.08 0.92 -0.45 0.15 0.68 1.19  1,149 0.33 0.38 0.93 -0.18 0.47 1.01 1.44 
Tercile 3 1,246 0.35 0.58 0.84 0.07 0.60 1.17 1.60  1,170 0.33 0.39 0.87 -0.15 0.38 0.98 1.45  1,172 0.34 0.56 0.84 0.02 0.61 1.13 1.60 

Belgium Fl. 3,961 1 0.24 0.79 -0.28 0.26 0.78 1.22  NA  4,313 1 -0,13 0,84 -0,67 -0,09 0,45 0,91 
Tercile 1 1,304 0.33 -0.04 0.79 -0.56 -0.04 0.47 0.96           1,434 0.33 -0.37 0.83 -0.89 -0.32 0.21 0.62 
Tercile 2 1,328 0.34 0.27 0.75 -0.17 0.28 0.76 1.22           1,433 0.33 -0.15 0.80 -0.68 -0.14 0.42 0.87 
Tercile 3 1,329 0.34 0.49 0.73 0.00 0.53 0.99 1.39           1,446 0.34 0.13 0.80 -0.38 0.16 0.71 1.12 

Belgium Fr. 3,507 1 -0.41 0.99 -1.03 -0.37 0.27 0.83  2,911 1 -0.46 0.94 -1.04 -0.43 0.18 0.73  3,676 1 -0.52 0.97 -1.15 -0.48 0.14 0.71 
Tercile 1 1,120 0.32 -0.83 0.95 -1.46 -0.81 -0.15 0.31  925 0.32 -0.88 0.90 -1.45 -0.85 -0.28 0.28  1,179 0.32 -0.93 0.92 -1.54 -0.93 -0.28 0.22 
Tercile 2 1,179 0.34 -0.42 0.92 -1.00 -0.39 0.22 0.75  1,003 0.34 -0.46 0.89 -1.01 -0.45 0.13 0.69  1,254 0.34 -0.51 0.93 -1.07 -0.42 0.11 0.65 
Tercile 3 1208 0.34 0.03 0.91 -0.52 0.09 0.65 1.13  983 0.34 -0.03 0.82 -0.55 0.02 0.55 0.99  1,243 0.34 -0.12 0.87 -0.68 -0.14 0.48 0.99 

France 3,456 1 -0.08 0.96 -0.69 -0.04 0.58 1.10  3,589 1 -0.21 0.97 -0.84 -0.14 0.44 0.99  3,908 1 -0.33 0.95 -0.93 -0.26 0.33 0.84 
Tercile 1 1,102 0.32 -0.50 0.93 -1.07 -0.50 0.12 0.62  1,136 0.32 -0.61 0.93 -1.23 -0.59 0.03 0.47  1,346 0.34 -0.65 0.93 -1.27 -0.59 -0.01 0.51 
Tercile 2 1,153 0.33 -0.06 0.89 -0.62 -0.06 0.56 1.03  1,218 0.34 -0.22 0.91 -0.79 -0.16 0.41 0.90  1,326 0.34 -0.33 0.91 -0.92 -0.27 0.31 0.83 
Tercile 3 1,201 0.35 0.32 0.88 -0.20 0.39 0.93 1.39  1,235 0.34 0.20 0.89 -0.39 0.26 0.82 1.33  1,236 0.32 -0.02 0.90 -0.57 0.08 0.57 1.04 

Ontario 3,264 1 0.37 1.01 -0.30 0.40 1.05 1.64  3,344 1 0.24 1.02 -0.40 0.34 0.94 1.47  3,097 1 0.19 1.07 -0.49 0.28 0.91 1.51 
Tercile 1 1,025 0.31 0.13 0.96 -0.47 0.20 0.77 1.31  1,065 0.32 -0.04 1.04 -0.67 0.03 0.66 1.25  950 0.31 -0.04 1.07 -0.74 0.08 0.70 1.22 
Tercile 2 990 0.30 0.41 1.04 -0.21 0.44 1.12 1.74  1,070 0.32 0.28 0.98 -0.33 0.38 0.96 1.48  994 0.32 0.21 1.06 -0.42 0.28 0.97 1.50 
Tercile 3 1,249 0.38 0.56 0.97 -0.10 0.62 1.28 1.75  1,209 0.36 0.47 0.98 -0.13 0.55 1.15 1.70  1,153 0.37 0.38 1.05 -0.35 0.48 1.10 1.70 

Québec 2928 1 0.05 0.93 -0.54 0.11 0.68 1.21   3,429 1 0.00 0.90 -0.57 0.05 0.61 1.11   2,544 1 0.18 0.88 -0.40 0.23 0.78 1.32 
Tercile 1 929 0.32 -0.19 0.90 -0.75 -0.10 0.44 0.93  1,065 0.31 -0.21 0.88 -0.74 -0.16 0.40 0.84  776 0.31 0.00 0.90 -0.57 -0.01 0.66 1.20 
Tercile 2 1,089 0.37 0.02 0.91 -0.55 0.08 0.66 1.21  1,162 0.34 -0.04 0.88 -0.64 -0.04 0.54 1.06  921 0.36 0.21 0.84 -0.33 0.25 0.74 1.27 
Tercile 3 910 0.31 0.32 0.91 -0.29 0.34 0.93 1.52  1,202 0.35 0.27 0.87 -0.28 0.32 0.84 1.32  847 0.33 0.34 0.87 -0.25 0.37 0.90 1.43 

Notes: International z-scores are computed with house weight; percentile based on 5 plausible values and if student's information on parental occupation are not missing. 
N: number of students in Grade 4 (Grade4# and Grade 5 in Norway) with test scores and parental covariates; SD: standard deviation; P10 indicates the 10th percentile of the 
distribution, P25 the 25th percentile, etc. NA: Indicates the jurisdiction did not participate in this survey (see Table A). 
Sources: Authors' computation from weighted PIRLS data sets 2006, 2011, and 2016. 
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Table A6: Percentile distribution of students' overall international math and science z-scores by jurisdiction and terciles of 
parental socioeconomic status, TIMSS 2015 and 2019 

Statistics N %N   Mean SD P25 P50 P75 P90 
P75-
P25 Mean SD P25 P50 P75 P90 

P75-
P25 

    Math  Science  
Denmark 
 2015 3,132 1  0.19 1.05 -0.48 0.21 0.92 1.47 1.41 -0.02 0.98 -0.64 0.02 0.65 1.17 1.35 

Tercile 1 1,035 0.33  -0.10 1.02 -0.76 -0.08 0.60 1.21 1.36 -0.32 0.99 -0.98 -0.27 0.38 0.95 1.40 
Tercile 2 1,036 0.33  0.15 0.99 -0.46 0.19 0.82 1.39 1.27 -0.02 0.92 -0.62 -0.01 0.55 1.10 1.32 
Tercile 3 1,061 0.34  0.51 1.03 -0.11 0.57 1.23 1.76 1.33 0.29 0.94 -0.29 0.32 0.93 1.45 1.27 

2019 2,683 1,00  0,01 0,99 -0,65 0,05 0,71 1,28 1,36 0,01 0,99 -0,65 0,05 0,71 1,28 1,36 
Tercile 1 877 0,33  -0,27 0,99 -0,92 -0,28 0,43 0,92 1,35 -0,27 0,99 -0,92 -0,28 0,43 0,92 1,35 
Tercile 2 878 0,33  0,04 0,96 -0,60 0,04 0,73 1,31 1,33 0,04 0,96 -0,60 0,04 0,73 1,31 1,33 
Tercile 3 928 0,35  0,27 0,96 -0,34 0,30 0,90 1,52 1,23 0,27 0,96 -0,34 0,30 0,90 1,52 1,23 

Finland 
 2015 4,588 1.00  0.16 0.93 -0.44 0.20 0.80 1.33 1.25 0.37 0.90 -0.19 0.41 0.97 1.50 1.16 

Tercile 1 1,509 0.33  -0.04 0.95 -0.63 0.02 0.61 1.12 1.24 0.16 0.91 -0.40 0.17 0.77 1.25 1.16 
Tercile 2 1,025 0.22  0.16 0.92 -0.44 0.19 0.79 1.35 1.23 0.43 0.90 -0.14 0.50 1.05 1.55 1.19 
Tercile 3 2,054 0.45  0.31 0.90 -0.29 0.355 0.95 1.42 1.24 0.52 0.84 -0.01 0.54 1.08 1.60 1.09 

2019 3,992 1  0,12 0,99 -0,50 0,15 0,80 1,38 1,30 0,43 0,91 -0,13 0,47 1,05 1,54 1,18 
Tercile 1 1,252 0.31  -0,11 0,97 -0,73 -0,12 0,55 1,14 1,28 0,21 0,92 -0,36 0,25 0,87 1,33 1,23 
Tercile 2 1,347 0.34  0,09 0,98 -0,53 0,14 0,76 1,32 1,29 0,40 0,88 -0,15 0,47 1,01 1,46 1,16 
Tercile 3 1,393 0.35  0,40 0,95 -0,18 0,43 1,06 1,58 1,24 0,66 0,88 0,15 0,66 1,29 1,79 1,13 

Norway 5 
2015 1,754 1  0.49 0.98 -0.13 0.53 1.15 1.65 1.28 0.30 0.88 -0.23 0.35 0.90 1.44 1.13 

Tercile 1 552 0.31  0.16 0.97 -0.48 0.11 0.85 1.39 1.34 0.01 0.93 -0.59 0.03 0.64 1.21 1.23 
Tercile 2 618 0.35  0.65 0.97 0.09 0.71 1.26 1.82 1.16 0.45 0.84 -0.07 0.45 0.99 1.52 1.06 
Tercile 3 584 0.33  0.66 0.93 0.05 0.67 1.28 1.74 1.23 0.46 0.79 -0.09 0.48 0.99 1.44 1.08 

Norway 5 
2019 NA          NA       
Sweden 
 2015 6,412 1  0.00 0.91 -0.59 0.03 0.62 1.14 1.21 0.32 0.96 -0.27 0.38 0.97 1.51 1.24 

Tercile 1 2,026 0.32  -0.28 0.92 -0.90 -0.20 0.34 0.84 1.24 0.05 1.00 -0.55 0.13 0.71 1.23 1.26 
Tercile 2 2,161 0.34  0.06 0.88 -0.49 0.12 0.69 1.12 1.18 0.34 0.90 -0.23 0.42 0.96 1.47 1.19 
Tercile 3 2,225 0.35  0.20 0.88 -0.41 0.21 0.86 1.34 1.27 0.56 0.92 -0.04 0.58 1.20 1.72 1.23 

2019 4,196 1,00  0,03 0,99 -0,60 0,05 0,72 1,27 1,32 0,04 0,98 -0,55 0,10 0,71 1,26 1,26 
Tercile 1 1,325 0,32  -0,29 1,01 -0,96 -0,23 0,42 0,94 1,38 -0,28 1,02 -0,95 -0,17 0,41 0,97 1,36 
Tercile 2 1,401 0,33  0,05 0,95 -0,58 0,04 0,71 1,24 1,29 0,05 0,94 -0,51 0,09 0,69 1,24 1,21 
Tercile 3 1,470 0,35  0,33 0,91 -0,27 0,38 0,97 1,50 1,24 0,35 0,87 -0,18 0,37 0,98 1,44 1,16 

Belgium Fl. 
 2015 4,576 1  0.30 0.84 -0.25 0.32 0.87 1.39 1.12 -0.18 0.84 -0.74 -0.14 0.39 0.86 1.13 

Tercile 1 1,530 0.33  -0.02 0.80 -0.55 -0.02 0.53 0.98 1.09 -0.55 0.82 -1.10 -0.51 0.03 0.45 1.12 
Tercile 2 1,523 0.33  0.36 0.79 -0.15 0.39 0.89 1.38 1.04 -0.12 0.78 -0.61 -0.09 0.41 0.87 1.02 
Tercile 3 1,523 0.33  0.56 0.81 0.05 0.56 1.11 1.62 1.06 0.11 0.79 -0.41 0.15 0.65 1.11 1.06 

2019 3,899 1,00  0,13 0,88 -0,47 0,13 0,74 1,26 1,21 -0,28 0,88 -0,83 -0,23 0,34 0,80 1,17 
Tercile 1 1,303 0,33  -0,21 0,84 -0,81 -0,19 0,39 0,84 1,20 -0,64 0,87 -1,24 -0,62 -0,03 0,47 1,21 
Tercile 2 1,304 0,33  0,22 0,88 -0,38 0,20 0,86 1,35 1,25 -0,19 0,84 -0,74 -0,14 0,41 0,82 1,15 
Tercile 3 1,292 0,33  0,38 0,81 -0,11 0,40 0,93 1,38 1,04 -0,01 0,79 -0,47 0,01 0,53 0,97 1,00 

Notes and Sources: See end of Table A6.  
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Table A6: End 

Statistics N %N   Mean SD P25 P50 P75 P90 
P75-
P25 Mean SD P25 P50 P75 P90 

P75-
P25 

    Math  Science 
France  
2015 3,700 1  -0.47 1.02 -1.15 -0.43 0.26 0.83 1.41 -0.52 1.01 -1.17 -0.46 0.18 0.72 1.35 
Tercile 1 1,254 0.34  -0.86 0.99 -1.50 -0.82 -0.18 0.43 1.32 -0.91 0.97 -1.56 -0.91 -0.18 0.29 1.38 
Tercile 2 1,218 0.33  -0.50 0.95 -1.10 -0.46 0.14 0.69 1.24 -0.54 0.94 -1.15 -0.51 0.10 0.66 1.25 
Tercile 3 1,228 0.33  -0.04 0.96 -0.69 0.02 0.65 1.09 1.34 -0.10 0.94 -0.67 -0.04 0.54 1.06 1.21 

2019 4,986 1,00  0,00 1,02 -0,68 0,05 0,71 1,29 1,39 0,02 1,02 -0,66 0,07 0,73 1,29 1,39 
Tercile 1 1,509 0,30  -0,41 1,00 -1,11 -0,39 0,27 0,81 1,37 -0,43 1,02 -1,06 -0,42 0,27 0,83 1,33 
Tercile 2 1,634 0,33  0,02 0,92 -0,61 0,07 0,68 1,18 1,29 0,03 0,92 -0,57 0,10 0,69 1,18 1,26 
Tercile 3 1,843 0,37  0,38 0,97 -0,24 0,47 1,07 1,58 1,31 0,42 0,95 -0,16 0,47 1,09 1,62 1,24 

Ontario 
 2015 3,427 1  -0.14 1.02 -0.81 -0.11 0.55 1.12 1.35 0.08 1.00 -0.57 0.13 0.77 1.32 1.34 

Tercile 1 1,147 0.33  -0.42 1.00 -1.09 -0.42 0.31 0.84 1.40 -0.14 1.01 -0.81 -0.13 0.58 1.13 1.39 
Tercile 2 1,128 0.33  -0.13 1.00 -0.78 -0.06 0.54 1.13 1.32 0.04 0.99 -0.59 0.12 0.74 1.25 1.32 
Tercile 3 1,152 0.34  0.12 0.97 -0.51 0.15 0.77 1.36 1.27 0.34 0.94 -0.29 0.40 0.96 1.59 1.25 

2019 2,408 1,00  -0,05 1,02 -0,76 -0,01 0,67 1,23 1,43 0,10 1,00 -0,54 0,15 0,78 1,35 1,31 
Tercile 1 757 0,31  -0,28 1,06 -1,02 -0,25 0,46 1,10 1,48 -0,07 1,03 -0,74 -0,02 0,68 1,25 1,42 
Tercile 2 790 0,33  0,00 0,97 -0,68 0,06 0,64 1,19 1,32 0,10 0,93 -0,51 0,20 0,70 1,23 1,21 
Tercile 3 861 0,36  0,14 0,98 -0,53 0,19 0,78 1,33 1,31 0,28 1,00 -0,32 0,32 0,98 1,49 1,30 

Québec 
 2015 2,302 1  0.16 0.93 -0.47 0.16 0.79 1.32 1 -0.03 0.91 -0.62 0.00 0.58 1.16 1.35 

Tercile 1 681 0.30  -0.12 0.87 -0.74 -0.12 0.52 0.99 0.75 -0.28 0.86 -0.86 -0.27 0.30 0.78 1.38 
Tercile 2 857 0.37  0.11 0.95 -0.45 0.12 0.73 1.25 0.95 -0.07 0.93 -0.62 -0.05 0.51 1.14 1.25 
Tercile 3 764 0.33  0.49 0.86 -0.13 0.50 1.14 1.48 1.12 0.27 0.85 -0.33 0.26 0.87 1.34 1.21 

2019 2,701 1  0.13 0.88 -0.47 0.18 0.71 1.24 1.18 -0.01 0.88 -0.61 0.03 0.61 1.12 1.22 
Tercile 1 836 0.31  -0.06 0.87 -0.66 -0.03 0.57 1.04 1.23 -0.17 0.85 -0.79 -0.14 0.43 0.88 1.22 
Tercile 2 895 0.33  0.11 0.85 -0.46 0.17 0.67 1.19 1.13 -0.06 0.88 -0.65 -0.02 0.58 1.03 1.23 
Tercile 3 970 0.36  0.34 0.86 -0.23 0.36 0.91 1.45 1.15 0.21 0.86 -0.34 0.23 0.81 1.37 1.15 

Notes: International z-scores are computed with house weight; percentile based on 5 plausible values and if student's 
information on parental occupation and education are not missing. N: number of students in Grade 4 (Grade 5 in Norway) 
with test scores and parental covariates; SD: standard deviation; P10 indicates the 10th percentile of the distribution, P25 the 
25th percentile, etc. NA: Indicates the jurisdiction did participate in this survey but the occupational informal is not available. 
Sources: Authors' computation from weighted TIMSS data sets 2015 and 2019. 
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Appendix 1: Empirical studies on preschool programs effects for selected countries 
Country studies 
 In England, the introduction of free part-time places in a nursery or other registered setting for 3-year-olds 
are found to have small effects (Blanden, et al., 2014); while attendance in preschool moderately improves test 
results at ages 11, 14, and 16 (Apps, Mendolia, and Walker, 2013).  
 In the Netherlands, the expansion of preschool opportunities for children aged 4 generates a positive impact 
for disadvantaged children only (Leuven, Lindahl, Oosterbeek, and Webbink, 2010).  
 In Spain, Felfe, Nollenberger, and Rodriguez-Planas (2015) consider a sizeable expansion of publicly 
subsidized full-time high-quality childcare for 3-year-olds in the early 1990s. Using a difference-in-difference 
approach, they find evidence for improvements in PISA students’ reading and math skills at age 15 from 
different cohorts and surveys. The effects are driven by girls and disadvantaged children. Santin and Cecilia 
(2018) use an identification strategy that reproduces a natural experiment on number of preschool year’s 
impact for Grade 4 students. Comparing classrooms in a national 2009 schools survey, they find that the group 
with more average years of preschool education have significantly and positively higher average outcomes in 
reading and math. Moreover, preschool attendance before 3 years old is related with socio-economic variables.  
 In Italy, Carta and Rizzica (2018) analyze early kindergarten early access to subsidized childcare for 2-year-old 
children; results show no impacts on children's cognitive development, regardless of their family background. 
Aliverninia and Manganellia (2015), from PIRLS data on Grade 4 students, find that parental SES has a significant 
positive direct impact on reading literacy at both the student and school level, while pre-primary education 
does not have a significant impact on reading literacy. 
 In France, two studies using government panel surveys, providing information on children's cognitive and 
non-cognitive achievement when they enter first grade, were conducted to examine the effects of the 
extension of preschool to 2-year-olds (Dumas and Lefranc, 2012; Filatriau, Fougère, and Tô, 2013). They find 
that children who spend four rather than three years in preschool have higher cognitive and non-cognitive skills 
when entering first grade in elementary school. However, impacts did not differ by parental attributes or when 
the policy was mainly implemented to develop preschool spaces in a low-income neighborhood.  
 In Germany, several studies (Cornelissen et al., 2018; Felfe and Lalive, 2012, 2018) have explored the impact 
of the expansion of low fee childcare on child outcomes, in particular policy reforms of the childcare system 
entitling, since 1996, every child to a space in kindergarten from age 3 until primary school; and, in December 
2008, all children aged 1 year or more to have a legal claim to a childcare slot by August 2013. Despite the large 
increase of childcare spaces with fees remaining constant, coverage remains low in Germany with aggregate 
demand still exceeding supply (as of year 2015), which is an issue to consider when interpreting treatment 
effects. The main framework adopted estimates marginal treatment effects (MTE)23 which informs on their 
heterogeneity. The authors affirm their results point to a pattern of reverse selection on gains in terms of 
observed characteristics. Children, less likely to attend childcare than those from advantaged backgrounds 
(mostly children of Turkish descent, of single mothers or mothers with a low education level) have larger 
positive treatment effects because of their worse outcomes when not enrolled in childcare. Both studies 
suggest that the universal childcare program disproportionally subsidizes advantaged families whose children 
have the least to gain from early child care attendance. Children least likely to attend daycare early on, are from 
families with a higher resistance to enrolling a child, are found to benefit positively, with stronger effects for 
those with the highest resistance to treatment. 
 However, there are some drawbacks to this German policy with lessons for universal childcare policies that 
may be flimsy in other societies. First, the main outcome studied is school readiness, a mandatory school entry 
examination by pediatricians who assess children's development with regard to language skills, motor skills, and 
socio-emotional skills in the form of a medical diagnosis. The examination informs parents and schools about 
children's readiness to follow the curriculum taught in primary schools. This is a different outcome than results 
from more formal tests. Second, subsidized public childcare, considered as of good quality, offers generally 

 
23 The MTE approach requires specific data hard to obtain. Data sets used are not nation-wide but slots created for children 
ages 1 to 6 in some states. 
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spaces for half-day attendance (3-4 hours in the morning). Parents, the family or other types of care providers, 
must attend children for the rest of the day. This organization is quite different from the norms of policies 
offering full-day, full-year childcare, and public school pre-kindergarten. 
 In West German states using data from a socio-economic panel, Busse and Gathmann (2018), show that 
increases in childcare attendance for the youngest children (2-3-year-old) mirrored by the decline in exclusive 
care at home, display few substantive impacts on child development and mothers’ labor supply, except for 
some gender-specific effects favoring boys. 
 In Norway, Black, Devereux, and Salvanes (2011) find that young pupils starting school at age 7 rather than 6 
have both better cognitive and non-cognitive outcomes at age 18. Andresen (2019, 2018) investigates the effect 
of the universal early childcare program expansion with large increases of attendance around age 2 on school 
test scores in reading, math, and English at age 10 for all students in the country. Using an innovative 
multivalued marginal treatment estimation methodology (see further remarks in section 5), Andresen finds 
higher enrollment among children from advantaged households. Despite the relatively lengthy gap in time 
between treatment at ages 1-2 and the measurement of skills at age 10, there are some positive effects of early 
childcare on school performances. Moreover, there is positive selection associated with larger gains for children 
with observables which make them more likely to be selected into treatment. Because of the positive selection, 
further expansion is expected to provide smaller treatment effects than the initial reform, precisely because the 
children who have the most to gain are already treated. The treatment effect estimates vary across observable 
covariates and unobserved resistance to treatment, showing substantial heterogeneity in the response to early 
care, with compliers quite different from the average child. 
 In Canada, the province of Québec progressively developed, from the end of 1997 over 4 years, for all 
children 0-4 years not eligible for public kindergarten, a subsidized universal very low-fee (5$ per day-space) 
childcare program.24 This quasi-experimental policy generated several academic studies based on two 
longitudinal data sets (a very large sample from 1994 to 2008, over 8 cycles with extensive information on child 
care) representative of all Canadian families with children and youth. Studies on the first decade of the program 
(Baker, Gruber, and Milligan, 2008, 2019; Lefebvre and Merrigan, 2008, 2009; Haeck, Lebihan, Merrigan, 2018; 
Kottelenberg and Lehrer, 2013, 2017; Haeck, Lefebvre, and Merrigan, 2015) showed that the province of 
Québec saw large increases in maternal labor supply and in the enrollment of children in childcare relative to 
the rest of Canada, where child care policy and services remained largely unchanged. But they all report 
negative impacts of the policy on children (cognitive, behavioral and health outcomes), as well as parental 
behavior and well-being in the short and medium run. In the longer run (more so when children are aged 6-9 
years and in school), these effects become non-significant, or they fade-out later if significant (Haeck, Lebihan, 
and Merrigan, 2018; Lebihan et al., 2022). Haeck, Lefebvre and Merrigan (2014), show that the large increases 
in mothers’ labor force participation and earnings impacted the expenditures structure within the household by 
raising budget shares on expenditures related to children, family goods and services with a collective aspect. 
 The Canadian province of Ontario, the only one offering a voluntary public school half day pre-K before 
2010, introduced a new universal school-year play-based full-day kindergarten program for the 4 and 5 year-
olds.25 Pelletier and Corter (2019) exploited the phasing-in of this program over five years, as a natural 
experiment in which children from full-day kindergarten could be compared with those from half-day 
kindergarten in matched neighborhoods. Results showed lasting benefits of full-day kindergarten on children’s 
self-regulation, reading, writing, and number knowledge to the end of Grade 2, including some benefits for 
vocabulary. Full-day kindergarten children were significantly more likely to meet provincial expectations for 
reading in Grade 3. 

 
24 At the same time, public school kindergarten for 5-year-old became full-time. New childcare spaces were only added 
from year 2000. The program was financed by the abolition of many family allowances. Fees were raised over the years in 
relation with persistent excess demand. 
25 A majority of provinces have non-mandatory full-day kindergarten public school program for the five years old born 
before December 31 (September 30 in some provinces). 
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 In Australia, the impact of universal pre-K on family behavior and child outcomes was estimated for 4-year-
olds by examining an experiment where the Australian state of Queensland stopped its public pre-K program in 
2007 (Chora et al., 2016). Using a difference-in-differences strategy, they found that five months of access to 
universal pre-K led to an increase of 0.23 of a standard deviation in general school readiness. Cognitive benefits 
were displayed across socioeconomic status. The evidence suggests that the positive effects of universal pre-K 
provision on children's development were driven by the use of higher-quality formal ECE. 
Cross-country studies 
 There are a few studies using cross-country international data sets on skills achievement, where preschool 
information and parental education variables are found to play a role in explaining the educational attainment 
of children.  
 Comparing the United States and Denmark with longitudinal data on test scores, Esping-Andersen et al. 
(2012) find that enrollment in high-quality formal care at age 3 is associated with higher cognitive scores at age 
11, with stronger effects for the very low-income children and for children at the bottom of the test score 
distribution. But, Datta Gupta and Simonsen (2010), from a pseudo-experiment generating variation in the take-
up of preschool across municipalities at age 3, find no significant impact on non-cognitive outcomes at age 
seven, no matter neither the gender of the child nor the mother's level of education. 
 Costa and Araújo (2018), from the 2011 PIRLS test scores for three European countries (Denmark, Sweden, 
and France), investigate how achievement relates to student and school with a multilevel analysis including two 
levels, student/home and schools. Results show that students’ home background (home literacy practices, 
education resources, and reading behavior, all related to parental attributes), and school environment are 
associated with higher reading scores in all three countries. Hogrebe and Strietholt (2016), with PIRLS 2011 data 
from nine countries and propensity score matching methods, estimate the effect of preschool non-participation 
on reading literacy in Grade 4. They conclude that even if children who did not attend preschool come mainly 
from disadvantaged backgrounds in all countries, with the exception of two, reading achievement at the end of 
primary school is not statistically significantly lower than the performance of matched children from similar 
backgrounds who attended preschool.  
 Some studies examine other topics which are loosely related to ECE. For example, Schütz (2009) finds that 
attendance in pre-primary institutions is positively associated with PISA test scores at age 15 in countries with 
higher per-pupil spending in pre-primary education. Li and Konstantopoulos (2016), using data from fourteen 
European countries provided by the 2011 sample of the TIMSS survey, present evidence that the effect of class 
size is generally non-significant for math and sciences different achievement levels. This suggests that in many 
European countries, class-size reduction as an education policy may not have an impact on student 
achievement and does not close the achievement gap. 
 In Summary, van Huizen and Plantenga (2018), using meta-regression techniques, analyze the effects of ECE 
on child development using 253 estimates from 30 studies (from the U.S. and nine other countries) conducted 
between 2005 and 2015, present overall conclusions on this topic. Children’s outcomes – from non-cognitive 
development measured during early childhood to educational outcomes during adolescence and labor market 
performance during adulthood –range with effects classified as significantly negative, statistically insignificant 
or significantly positive. They conclude that the evidence on universal ECE is mixed: neither the age at 
enrollment nor the program intensity can explain whether the impact is positive or negative. However, quality 
aspects matters a lot, and some evidence indicate that more intensive programs may produce more favorable 
outcomes. There is no evidence of effects fading out and the effects of ECE appear to be more favorable in the 
long run (during adolescence/adulthood). The results show that the gains of ECE are concentrated within the 
group of disadvantaged children. Evidence on the effectiveness of universal childcare programs targeted 
towards all children, on the other hand, is also mixed, with effects ranging from negative to positive. One 
important reason why targeted childcare programs yield larger returns than large scale universal programs may 
be treatment effect heterogeneity, that is, targeted children from disadvantaged backgrounds may benefit 
more from the treatment. 
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Appendix 2: OLS Estimation of reading z-scores gradients by (1) parental years of 
education, (2) parental socioeconomic index of occupations, (3) home learning 
resources scale, (4) preschool duration in years, and jurisdiction, PIRLS 2016 
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By parental years of education, SES index, home learning resources scale, preschool years
Figure I.1: Denmark, OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.2: Finland, OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.3: Norway Grade 5 OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.4: Sweden OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.5: Belgium Flemish OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.6: Belgium French, OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.7: France, OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.8: Ontario, OLS reading z-scores gradients estimates, PIRLS 2016
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Figure I.9: Québec, OLS reading z-scores gradients estimates, PIRLS 2016
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Appendix 3: OLS Estimation of math z-scores gradients by (1) parental years of 
education, (2) parental socioeconomic index of occupations, (3) home learning 
resources scale, (4) preschool ECE duration in years, and jurisdiction, TIMSS 2019 
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Figure II.1: Denmark, OLS math z-scores gradients estimates, TIMSS 2019
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Figure II.2: Finland, OLS math z-scores gradients estimates, TIMSS 2019
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Figure II.3: Norway Grade 5, OLS math z-scores gradients estimates, TIMSS 2019
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Figure II.4: Sweden, OLS math z-scores gradients estimates, TIMSS 2019
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Figure II.5: Belgium Flemish, OLS math z-scores gradients estimates, TIMSS 2019
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Figure II.6: France, OLS math z-scores gradients estimates, TIMSS 2019
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Figure II.7: Ontario, OLS math z-scores gradients estimates, TIMSS 2019
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Figure II.8: Québec, OLS math z-scores gradients estimates, TIMSS 2019


