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Abstract

This study examines the effects of public preschool expenditures on the math and science
scores of 4" graders, holding constant child, family, and school characteristics, other relevant social
expenditures, and country and year effects, in seven Organization for Economic Co-operation and
Development (OECD) countries -- Australia, Japan, Netherlands, New Zealand, Norway, U.K., and
U.S -- using data from the 1995 and 2003 Trends in International Mathematics and Science Study
(TIMSS). This study also explores whether preschool expenditures matter more for children at risk of
poor school achievement, as indexed by having low levels of resources in the home or coming from

an immigrant family or a family that does not always speak the test language.

Our results indicate that there are small but significant positive effects of public preschool
expenditures on the math and science scores of 4™ graders. We find that an increase in preschool
expenditures of $100 per child would lift children’s math scores by between .07 and .13 of a standard
deviation, and their science scores by between .03 and .07 of a standard deviation. We also find some
evidence that children from low-resource homes may tend to gain more from increased public
preschool expenditures than other children, but that children of immigrants may gain less (perhaps
because they are less likely to attend such programs). Thus, this study provides new cross-national
evidence that increasing public preschool expenditures would raise children’s math and science
achievement but mixed evidence as to the role of such expenditures in helping to close gaps in

achievement between less and more advantaged students.
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Early childhood education and care (ECEC) has become an important public policy issue in
many countries. In particular, some form of preschool education for children in the one or two years
prior to school entry has become normative, as policymakers, researchers, and parents have
increasingly come to recognize the value of early education for later learning. By 2001, the share of
children in preschool the year prior to school entry was near universal in European countries such as
Belgium, France, Norway, Sweden, and the United Kingdom, and approached two-thirds in the
United States (Organization for Economic Co-operation and Development (OECD), 2001).

However, countries differ in their approach to whether families or government should bear
the cost and responsibility of providing ECEC services. Many European countries consider ECEC a
public responsibility and have been moving to universal and free or heavily subsidized ECEC
programs for all children regardless of family income or the employment status of parents, while the
U.S. continues to rely mainly on family members, employers, and private ECEC programs
(Kamerman & Waldfogel, 2005; Smolensky & Gootman, 2003; Waldfogel, 2006a, 2006b).

Although overall public investment in ECEC is still relatively low in most countries, with the average
expenditure on preschool programs per capita as a percentage of that on primary school programs
ranging from 12% to 17% in OECD countries since 1985, spending is substantially lower in the U.S.,
where the comparable figures are 0.2-0.5% (OECD, 2005a, 2005b).

Do such cross-country differences in preschool expenditures have consequences on children’s
school achievement? Although studies in individual countries such as the U.S. have shown short- and
long-term positive effects of publicly financed ECEC programs such as Head Start and pre-kindergarten,
there is little cross-national evidence on the effects of public preschool expenditures. Ideally, we would
like to know if, across countries, preschool expenditures improve school achievement for children on
average, as well as whether such expenditures provide a disproportionate boost to children at risk of
poor school achievement, holding constant other differences across countries.

Our study provides some preliminary evidence on these questions by examining whether
public preschool expenditures are associated with math and science scores for 4™ graders, holding
constant child, family, and school characteristics as well as country and year effects. Our analysis

makes use of two waves of micro-data from the Trends in International Mathematics and Science
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Study (TIMSS) in seven OECD countries, supplemented with OECD data on public expenditures in
those countries over time on preschool, primary school, and other key social programs for families

and children. We also examine whether preschool expenditures matter more for children at risk of
poor school achievement, as indexed by having low levels of resources in the home or coming from

an immigrant family or a family that does not always speak the test language.

Background and Conceptual Framework

To justify public expenditures on ECEC, one critical issue for researchers to explore is the
effects of such expenditures on school readiness and school achievement. Economic theory suggests
that to the extent that public preschool expenditures improve the availability and quality of ECEC
programs, this should lead to greater school readiness and school achievement (Heckman & Krueger,
2003). Public expenditures may allow care to be provided to more children and also may improve the
quality of care by making it possible to recruit and retain more highly-qualified staff, reduce
child/staff ratios, equip sufficient and quality facilities, and maintain an effective support and
monitoring system (OECD, 2001). However, additional expenditures may not increase access to
care if parents simply substitute publicly provided care for care they would have purchased anyway,
and may not improve the quality of care if the publicly provided care is not of better quality than the
care children were placed in previously (Blau, 2001).

To the extent that public preschool expenditures increase access to care and possibly the
quality of that care, there are several reasons to expect that children from disadvantaged families
might benefit more than other children from expansions in public preschool expenditures. First,
disadvantaged children might be more likely than more advantaged children to receive no care or
inferior quality child care in the absence of public spending. For instance, in the U.S., large
disparities in preschool enrollment rates exist between lower-income and higher-income children, and
between Hispanic children and non-Hispanic children (Bainbridge et al, 2003; Meyers et al, 2004).

A second reason why disadvantaged children might benefit more from public preschool expansions is
that they might gain more than other children from a given level of provision. Many studies of

preschool have found that the benefits are larger for children who come from more disadvantaged



Conference draft — not for citation

backgrounds than for their more advantaged peers (Magnuson & Waldfogel, 2005).

Although studies in individual countries, in particular the U.S., have shown short- and
long-term positive effects of publicly financed ECEC programs such as Head Start (Currie 2001;
Currie & Thomas, 1995; Garces, Thomas, & Currie, 2002; Puma et al., 2005) and prekindergarten
(Barnett, Lamy, & Jung, 2005; Gormley & Gayer, 2005; Gormley et al., 2005; Magnuson et al., 2004
and in press), there is little cross-national evidence on the effects of public preschool expenditures.
We were not able to locate any prior studies that examined the effects of public preschool
expenditures on children’s school achievement across countries and over time.

Cross-national studies are potentially useful because they allow for an examination of the
effects of the policy variation that exists across countries. However, a challenge to causal inference
is that there might be unobserved variables that are correlated with individual or national indicators
and that affect child outcomes. Our study aims to address this challenge by using multiple waves of
data and including country and year fixed effects. Nevertheless, we recognize that with only two
waves of data, our power to detect effects will necessarily be limited, and therefore we plan to include
further waves of data (as those become available) in future work.

Our approach draws on two prior literatures.  First, we build on studies such as
Hampden-Thompson and Johnston (2006) which have demonstrated that some individual-level
variables, including both school (e.g., curriculum and teacher qualifications) and non-school (e.g.,
students’ socioeconomic and immigrant status) factors, are key predictors of children’s educational
achievement. Including such individual-level controls is essential, particularly given the differences in
school and non-school characteristics of children across countries. Second, to inform our analysis of
the role of policies, we draw on two cross-national studies that have examined the effects of parental
leave policies, and other child and family policies, on infant health (and other outcomes). These
exemplary studies by Ruhm (2000) and Tanaka (2005) use multiple waves of data across countries
over time and include country and year fixed effects, as well as controls for other relevant social
expenditures. The inclusion of the country and year fixed effects is key, since it means that the
analyses provide estimates of the effects of changes in policies within countries over time. In the case

of parental leave, these studies indicate what the effect is on infant health of a country extending its
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period of paid parental leave, holding constant fixed characteristics of the country as well as secular
trends in infant health across countries over time. We utilize a similar approach here, although as
noted earlier we are limited in that we have only two waves of data at present.

Thus, our study expands on the prior literature on the effects of public preschool expenditures
on student achievement in two ways. First, utilizing a similar methodology to Ruhm (2000) and
Tanaka (2005) in their work on parental leave policies, our study provides the first cross-national
evidence as to whether public preschool expenditures are associated with higher math and science
scores for 4™ graders, holding constant child, family, and school characteristics, other relevant social
expenditures, and country and year effects. Using the same methodology, we also provide evidence
on whether preschool expenditures matter more for children from disadvantaged backgrounds, as
measured by coming from an immigrant family or a family that does not always speak the test

language, or having low levels of resources in the home.

Data

We use data from two waves of TIMSS, 1995 and 2003. TIMSS collects educational
achievement data, as well as extensive background information regarding child, family, teacher, and
school factors related to the learning and teaching of math and science, for children who are primarily
in the 4™ grade and 8" grade. This study uses data on 4™ graders, so that we can estimate the effects of
preschool experiences as close to school entry as possible. We focus our analysis on countries who are
present in both waves of the TIMSS data and for whom we have complete data on public expenditures,
our main independent variable of interest. Our sample includes seven countries: Australia, Japan,
Netherlands, New Zealand, Norway, U.K., and U.S.

Our outcome variables are the math and science test scores of children in the 4" grade in
TIMSS 1995 and 2003. The test scores are comparable across countries in each wave, but their
distributions vary across the two waves. For example, the math scores in the 1995 wave have a mean
of 542 with a standard deviation of 91, while in the 2003 wave, the mean is 512 with a standard
deviation of 81. To make them comparable between waves, the test scores are standardized in each

wave to have a mean of 100 and a standard deviation of 10 in each wave.
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With regard to the independent variables, because the TIMSS survey is administered at school
rather than at the household, it lacks some important socio-demographic information about the child’s
parents and family background. For example, there is no information about factors such as parents’
education and employment or family structure and income, all of which have been shown to have
important effects on children’s academic achievement (Brooks-Gunn, 1995; Brooks-Gunn &
Markman, 2005; Leventhal & Brooks-Gunn, 2002; McLanahan & Casper, 1995). However, the
TIMMS does include some information gathered from the child about his or home environment. In
this study, we use information that is particularly likely to reflect the socioeconomic status of the
family and the family’s attitudes towards and support for education, including variables for the
immigration status of parents, whether the test language is always spoken at home, the number of
books in the home, and controls for whether the child has a calculator, computer, study desk, or
dictionary at home.

To maximize the sample size so as to maintain the power of regression results, we use several
strategies to keep observations with missing values in the analysis. For categorical variables, a
category of missing is created to flag those observations with missing values. For continuous variables,
the means of the non-missing observations are used to impute the missing values, and a dummy
variable is created to note whether the values of observations are missing or imputed. In both cases,
the categories that indicate missing observations are always included in the regression models (but for
the sake of simplicity, we do not report the coefficients on those missing variable dummies). The
percentage of cases missing data on any item is shown in Table 1.

Our final analysis sample includes 62,294 observations, with 28,437 from TIMSS 1995 and
33,857 from 2003. As shown in Table 1, the distribution of children participating in TIMMS from our
7 sample countries is fairly constant across the two years, although Australia dropped from being 23%
of the sample in 1995 to 13% in 2003. On average, children in the sample were about 10 years old and
evenly distributed by gender. Their average family size was 5 people. About 16% of the children in
1995 and 22% in 2003 had parents born in a foreign country, and about 10% of the children did not
always speak the test language at home. Most of the children spent some time doing jobs at home and

reading books for enjoyment. The majority of children had more than 25 books at home, and had a
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Table 1. Descriptive Statistics of Child, Family, Teacher, and School Characteristics

Variables 1995 (N = 28,437) 2003 (N = 33,857)
Participated Countries
Australia 0.23 (0.42) 0.13 (0.33)
Japan 0.15 (0.36) 0.13 (0.34)
Netherlands 0.09 (0.28) 0.09 (0.28)
New Zealand 0.09 (0.28) 0.13 (0.33)
Norway 0.08 (0.27) 0.13 (0.33)
UK. 0.11 (0.31) 0.11 (0.31)
U.S. 0.26 (0.44) 0.29 (0.45)
Child and Family Characteristics
Child’s age
Months (imputed) 122.20 (5.47) 121.58 (5.39)
Missing 0.02 (0.13) 0.02 (0.14)
Girl
Yes 0.50 (0.50) 0.50 (0.50)
No 0.50 (0.50) 0.50 (0.50)
Missing 0.00 (0.06) 0.00 (0.02)
Number of family members
Members (imputed) 4.89 (1.52) 4.76 (1.34)
Missing 0.19 (0.39) 0.04 (0.20)
Child of immigrants
Yes 0.16 (0.36) 0.22 (0.42)
No 0.63 (0.48) 0.69 (0.46)
Missing 0.22 (0.41) 0.09 (0.28)
Always speaking test language at home
Yes 0.68 (0.47) 0.89 (0.31)
No 0.10 (0.31) 0.09 (0.29)
Missing 0.22 (0.41) 0.02 (0.14)
Child does iobs at home
No time 0.15 (0.35) 0.16 (0.37)
Less 1 hour 0.48 (0.50) 0.45 (0.50)
1-2 hours 0.22 (0.41) 0.20 (0.40)
More than 2 hrs 0.10 (0.30) 0.14 (0.35)
Missing 0.06 (0.24) 0.05 (0.21)
Child reads books for enioyment
No time 0.19 (0.39) 0.20 (0.40)
Less 1 hour 0.43 (0.50) 0.42 (0.49)
1-2 hours 0.21 (0.41) 0.20 (0.40)
More than 2 hrs 0.10 (0.30) 0.14 (0.35)
Missing 0.06 (0.24) 0.05 (0.21)
Number of books at home
0-25 books 0.14 (0.35) 0.29 (0.46)
More than 25 books 0.66 (0.47) 0.68 (0.47)
Missing 0.19 (0.39) 0.02 (0.15)
Have a calculator at home
Yes 0.74 (0.44) 0.90 (0.30)
No 0.08 (0.28) 0.06 (0.24)
Missing 0.18 (0.38) 0.04 (0.19)

(Table to be continued)
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2003 (N = 33,857)

Variables 1995 (N = 28,437)

Have a comnuter at home

Yes 0.52 (0.50)

No 0.30 (0.46)

Missing 0.18 (0.38)
Have a study desk at home

Yes 0.71 (0.45)

No 0.11 (0.31)

Missing 0.18 (0.38)
Have a dictionary at home

Yes 0.71 (0.45)

No 0.11 (0.31)

Missing 0.18 (0.38)
Teacher and School Characteristics
Teacher’s age

Young (<30) 0.15 (0.36)

Middle age (30-49) 0.60 (0.49)

Old age (50+) 0.15 (0.36)

Missing 0.10 (0.30)
Female teacher

Yes 0.63 (0.48)

No 0.27 (0.44)

Missing 0.10 (0.29)
Teacher’s education

Secondary & lower 0.33 (0.47)

BA/equivalent 0.29 (0.45)

MA/PHD 0.12 (0.32)

Missing 0.26 (0.44)
Teacher’s vears of teaching

Years (imputed) 15.64 (8.54)

Missing 0.10 (0.31)
Teacher’s class size

Number of children (imputed) 26.97 (6.23)

Missing 0.16 (0.37)
Rural area of school

Yes 0.19 (0.39)

No 0.70 (0.46)

Missing 0.11 (0.32)
Percentage of students absent at school

Less than 5% 0.71 (0.45)

More than 5% 0.15 (0.36)

Missing 0.13 (0.34)
Percentage of students from disadvantaged families at school

0-10% 0.17 (0.37)

11-50% 0.15 (0.35)

>50% 0.05 (0.23)

Missing 0.63 (0.48)

0.86 (0.35)
0.11 (0.3D)
0.03 (0.17)

0.82 (0.39)
0.16 (0.36)
0.03 (0.16)

0.84 (0.37)
0.14 (0.34)
0.02 (0.15)

0.19 (0.39)
0.49 (0.50)
0.24 (0.43)
0.08 (0.28)

0.70 (0.46)
0.22 (0.41)
0.08 (0.27)

0.22 (0.41)
0.50 (0.50)
0.19 (0.39)
0.09 (0.28)

14.82 (10.12)
0.10 (0.30)

26.01 (5.78)
0.29 (0.45)

0.23 (0.42)
0.67 (0.47)
0.10 (0.30)

0.74 (0.44)
0.18 (0.38)
0.08 (0.28)

0.31 (0.46)
0.28 (0.45)
0.18 (0.39)
0.23 (0.42)

Note: Means with standard deviations in parentheses.

calculator, computer, study desk, and dictionary at home.
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TIMMS also includes extensive data about teacher and school characteristics that are likely to
matter for students’ achievement in math and science. As shown in Table 1, about half of the
teachers were in the middle age group (30-49) and the majority of them were females. Most of the
teachers had bachelor and higher degrees and on average they had about 15 years of teaching
experience. The average class size was about 26. Most of the schools in the sample were in urban
areas. The majority of schools had less than 5% of students absent, and fewer than 20% of schools
had more than half their students come from disadvantaged families.

Our data on public expenditures on preschool and primary school are extracted from the
OECD Online Database (OECD, 2005a). We convert the data on total public expenditures on
preschool and primary school to expenditures per child by dividing the total expenditures on each
item by the number of children in the relevant age group (which we obtained by dividing the total
number of children age 0-14 by three). Thus, our measures capture how much the government
spends per child in that age group, not how much the government spends per enrolled child. This is
the correct measure since we want to gauge both how many children the public expenditures reach
and how generous the expenditures are per enrolled child. (This distinction is of little importance for
primary school, but is important for preschool since the share of children served by public programs is
not 100% and varies considerably across countries).

Data on other public social expenditures per capita, including spending on family cash
benefits, health, and other social spending (this consists of programs such as old age benefits,
survivors, incapacity-related benefits, employment, unemployment, and housing) are from OECD
Health Data 2005 (OECD, 2005b). These figures are provided by OECD on a per capita basis and we
use them in this form (it would not be correct to standardize on a per child basis as these expenditures
are intended to reach adults as well as children). All the figures for public expenditures on preschool
and primary school education as well as other social programs are exchanged into 2000 U.S. dollars
adjusted by purchasing power parity (PPP) so that they are comparable across countries and years.

We then assign to each child the average value of the expenditure variables in his or her
country during his or her preschool years, and during his or her primary school years. For children

in the 4™ grade in 1995, we define their preschool years as 1985-1991, and their primary school years
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as 1991-1995.  For children in the 4™ grade in the 2003 wave, we define their preschool years as
1993-1999, and their primary school years as 1999-2003. The country’s average expenditures on
preschools, primary schools, and other social programs (family cash benefits, health, and other)
during the child’s preschool and primary school years are assigned to each child accordingly.

Table 2 shows that Norway had the highest expenditures per child on preschool programs in
both waves, while Japan and Australia ranked as the lowest spending countries. The U.S. ranked third
among the seven countries in both years with the second highest increase in the level of spending
from 1995 to 2003. Norway raised its preschool expenditures dramatically during this period while
Australia, in contrast, reduced its spending. All countries spent substantially more per child on
primary school expenditures than on preschool expenditures. Norway again was the highest spender
on primary school expenditures per child, followed by the U.S. Norway also had the highest
expenditure per capita on family cash benefits, health, and other social programs during both waves,

while the U.S. mostly stood in the middle among these countries.

Methods

We would like to know whether higher public preschool expenditures are associated with
better student achievement, holding constant other factors that vary across countries, as well as across
students. Ideally, we would like to control for observed country differences and also country-level
factors that we can not observe and that may be correlated both with higher spending and with better
outcomes.

To address the problem of unobserved heterogeneity across countries, this study uses ordinary
least squares (OLS) regression analysis with country and year fixed effects, as well as controls for
school and non-school factors. The inclusion of country and year fixed effects is important, as it
means that our estimates of the effect of preschool expenditures reflect the effect of changes in those
expenditures within countries over time. Since other expenditures, such as primary education and
social expenditures may also affect the educational achievement of children in the 4™ grade, our

analysis also controls for public expenditures on primary education, and other social programs.
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Table 2. Public Education and Social Expenditures by Country and Year

Public Educ

tion and Social Expenditures during Preschool Years (PPP 2000 U.S. Dollars)

Preschool Expenditures (per Child)

Public Social Expenditures (per Capita)

Family Cash Benefits Health Others Social Expenditures
Wave 1995 | Wave 2003 Differences Wave 1995 | Wave 2003 | Differences | Wave 1995 | Wave 2003 | Differences | Wave 1995 | Wave 2003 | Differences
Australia 207 189 -18 215 563 348 813 1252 439 1094 2033 939
Japan 156 351 195 65 104 39 761 1256 495 1019 1854 835
Netherlands 1249 1481 232 280 294 14 841 1308 467 3175 4045 870
New Zealand 294 539 245 337 407 70 717 1009 292 1677 2029 352
Norway 2047 3415 1368 447 904 457 1068 1752 684 1398 3894 2496
UK. 525 856 331 313 480 167 740 1193 453 1942 3055 1113
U.S. 914 1398 484 101 155 54 921 1701 780 1692 2436 744
Public Education and Social Expenditures during Primary School Years (PPP 2000 U.S. Dollars)
Primary school Expenditures (per Child) Public Social Expenditures (per Capita)
Family Cash Benefits Health Others Social Expenditures
Wave 1995 | Wave 2003 | Differences | Wave 1995 | Wave 2003 | Differences | Wave 1995 | Wave 2003 | Differences | Wave 1995 | Wave 2003 | Differences
Australia 4519 6663 2144 412 743 331 1030 1634 604 1699 2418 719
Japan 4800 6828 2028 86 141 55 1074 1561 487 1501 2463 962
Netherlands 4483 6060 1577 298 314 16 1215 1516 301 4009 4180 171
New Zealand 3498 5231 1733 339 469 130 894 1244 350 1975 2177 202
Norway 8831 14305 5474 752 1120 368 1451 2347 896 3440 4850 1410
UK. 4959 4734 -225 418 554 136 1040 1505 465 2712 3462 750
U.S. 6673 8487 1814 154 132 -22 1447 2022 575 2224 2732 508

10
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The basic model used in this study is:
Sict = ﬂo ty.t+7, +:8iXict +IBpEct +&
where S, represents the test scores of individual child i from country c at time #; y, is the

country fixed effect; y, stands for the year fixed effect; X, represents a vector of child, parent,

family, teacher, and school characteristics related to individual child i in country c at time ¢
E , indicates public expenditures, including expenditures on preschools, primary schools, and other

social programs, in country c¢ at time ¢; and & is a random error term.

Our estimation approach involves a series of increasingly controlled models, so that we can
see first the raw differences in school achievement across countries and then how those differences
change as controls for key sets of predictor variables are added. Our first model predicts children’s
math and science scores in 4™ grade as a function only of country fixed effects and a control for the
earlier wave of data, 1995. We include country dummies for Australia, Japan, Netherlands, New
Zealand, Norway, and U.K., so our base case is a 4t grader from the U.S. in 2003. Model 2 adds
controls for child age, gender, and family size. Model 3 adds controls for whether a parent is an
immigrant and whether the test language is always spoken at home. Model 4 adds controls for the
child doing jobs and reading books at home, as well as controls for home resources such as having
fewer than 25 books in the home and not having a calculator, computer, study desk, or dictionary.
Model 5 adds teacher and school characteristics, including the teacher’s age, gender, education, years
of teachers, class size, urban location, percent of students absent, and percent of students from
disadvantaged families. Then, we estimate 5 additional models exploring the role of preschool and
other policies. In model 6, we add a control for public expenditures on preschool per child as well as
primary education expenditures per child. These controls capture the main variable of interest in this
study — public preschool expenditures — as well as primary school expenditures which are important in
their own right and may also be correlated with preschool expenditures. As a robustness check, in
model 7, we add detailed controls for three other types of social expenditures (family cash benefits,
health, and other social programs) that occurred during the child’s preschool years, while in model 8

we add detailed controls for the amount of expenditures on these three other categories of programs

11
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during the child’s primary school years to date. As a further robustness check, models 9 and 10
control instead for measures of total other expenditures during the preschool years and primary school
years.

To examine whether disadvantaged children benefit more from preschool expenditures than
their peers, we add interactions between disadvantaged background factors and public expenditures to
the models. These factors include variables related to whether parents were immigrants, the test
language was not always spoken at home, whether the family had fewer than 25 books in the home,
and whether the child did not have a calculator, computer, study desk, or dictionary at home. As
shown in Table 5, we first add the interactions between the disadvantaged background factors and per
child expenditures on preschools and primary schools but without including controls for other social
expenditures in the models. In additional analyses (results not shown but available upon request), we
add the interactions between these disadvantaged background factors and all public expenditures,
including expenditures on preschools, primary schools, family cash benefits, health, and other social

programs.

Results

The results for children’s math scores are shown in Table 3.  We begin with a model that
simply estimates raw differences across countries, as compared to the base case of a 4™ grader in the
U.S. in 2003. The results indicate that 4™ graders from Japan and the Netherlands out-score 4™ graders
from the U.S. by about 6.7 and 4.5 points respectively. Since the standard deviation of the test score
outcome variable is 10, these coefficients translate into differences of .67 and .45 of a standard
deviation respectively. Fourth graders in the other four countries have mean scores ranging from .07
standard deviations above the U.S. mean to .58 standard deviations below the U.S. mean.

We next add controls for child age, gender, and family size (Model 2), parent immigrant
status and language at home (Model 3), and other child and home characteristics (Model 4). These
controls affect math scores in the expected direction, with children of immigrants, children who do
not always speak the test language at home, and children with fewer books or lacking other resources

in the home scoring more poorly in math, but adding them to the model does not substantially alter the

12
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Table 3. OLS Regression of Math Scores without Interactions

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
Wave of Data (wave 2003 omitted)
Wave 1995 -0.588***  -0.059 -0.209%** Q. 572%**  _0.828*¥**  _3,675%** S5 TIIF¥E 3 TSHEE 4 .903F*Ek 5 ()33k**
(0.076) (0.078) (0.080) (0.079) (0.096) (0.143) (0.366) (0.791) (0.249) (0.249)
Participated Countries (the U.S. omitted)
Australia 0.737**%*  0.740%** 0.508*** -0.211%* -0.792***  -0.013 -1.658***  5476%**  1,046%** 1.821%%*
(0.1106) (0.114) (0.114) (0.107) (0.126) (0.219) (0.384) (0.830) (0.279) (0.306)
Japan 6.913*** B 206*** 7.396%** 5.815%%* 3.920%** 5.905%** 8.430*** 10.947%**  6205%** 6.974%**
(0.123) (0.139) (0.142) (0.140) (0.173) (0.266) (0.331) 0.472) (0.270) (0.298)
Netherlands 4.495%** 4 .536%** 4,34 %** 3.597%*** 2.623%%* -5.134***  _0.140 11.073*** 3. 143%** 4 005%**
(0.1406) (0.144) (0.142) (0.134) (0.168) (0.277) (0.537) (1.109) (0.427) (0.449)
New Zealand -2.406%** D 20%¥*k D IS56*F*¥  D.639¥*F* 3 307F**F 7 161*F*¥*  -8.805***  0.000 -5.986%**  _4.502%**
(0.135) (0.134) (0.133) (0.124) (0.152) (0.230) (0.483) (0.000) (0.300) (0.384)
Norway -5.760%**  _5,504%** 6 168***  -6.020***  -6.553*%**  _6.002***  -18.496*** (.000 S7A456%%*%  _12.705%**
(0.136) (0.138) (0.137) (0.131) (0.164) (0.368) (1.100) (0.000) (0.438) (0.957)
UK. 0.291** -0.153 -0.461%**  -0.822%**  .(0,934%**  _5414%**% 4 Q51*F*¥*  5600%** 3 T10Q¥**k 3 .947Fk**
(0.135) (0.133) (0.132) (0.124) (0.138) (0.203) (0.431) (0.465) (0.344) (0.346)
Child and Family Characteristics
Child’s age 2.959%** 2.673%%* 2.039%** 1.948%*** 1.671%*%* 1.631%*%* 1.633%**  1.644%** 1.637*%*
(0.137) (0.135) (0.125) (0.123) (0.122) (0.122) (0.122) (0.123) (0.123)
Child’s age -0.012***  _0.011***  -0.008***  -0.008***  -0.007***  -0.006*¥**  -0.006*%** -0.006%¥**  -0.006%**
(0.001) (0.001) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Girl -0.561***  _0.584%**  _1,122%**  _1.087**¥*  -1.089***  _1.088*¥**  -1.089%** _1,087***  -1.086%**
(0.074) (0.073) (0.069) (0.068) (0.067) (0.067) (0.067) (0.067) (0.067)
Number of -0.789%**  .Q.672%**  -0.523**%* .0 477F¥*  _0.459%*%*%  _0.453%*¥*  _(0.452%** _(0.458***  _(.458%**
(0.026) (0.026) (0.024) (0.024) (0.024) (0.024) (0.024) (0.024) (0.024)
Child of immigrants -0.350%**  -0.157* -0.125 -0.081 -0.115 -0.131 -0.093 -0.074
(0.102) (0.095) (0.095) (0.094) (0.094) (0.094) (0.094) (0.094)

(Table to be continued)
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Model1  Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
Not always speaking test -4.641%%F% 3 169%F*F D R26FFK D RI4HRE D RATHHR D RA(Fk* D RIFH*R D RIQHA*
language at home (0.133) (0.125) (0.124) (0.123) (0.122) (0.122) (0.123) (0.123)
Child does jobs at home (no time omitted)
Less 1 hour 1.494%** 1.449%** 1.456%%* 1.455%%% 1 452%%* ] 450%%* 1.456%%*
(0.101) (0.100) (0.099) (0.099) (0.099) (0.099) (0.099)
1-2 hours 0.349%** 0.360%** 0.356*** 0.365%**  (0.363***  (.348*** 0.354*%**
(0.117) (0.115) (0.114) (0.114) (0.114) (0.114) (0.114)
More than 2 hrs -2.524%**% D 360FF* D3 TR D 309F*k* D JO9k¥K D 3pHkx D JDPkwk
(0.135) (0.133) (0.131) (0.131) (0.131) (0.131) (0.131)
Child reads books for enjoyment (no time omitted)
Less 1 hour 1.781%** 1.717%*%* 1.806*** 1.766%**  1.764%** ] 7798%** 1.791%*%*
(0.095) (0.093) (0.092) (0.092) (0.092) (0.092) (0.092)
1-2 hours 2.941%** 2.877*** 2.987*** 2.940%** 2 Q37¥** D QRYF** 2.974***
(0.111) (0.109) (0.108) (0.108) (0.108) (0.108) (0.108)
More than 2 hrs 2.334% %% 2.340%** 2.478%** 2.424%%% D ADIHAkK D AT Hk*E 2.457%**
(0.129) (0.127) (0.126) (0.125) (0.125) (0.126) (0.126)
Less than 25 books at home -4.015%**  3,650%**% 3 523%*k% 3 SQ9*** 3 504%**% 3 524%*k* 3 SORH**
(0.088) (0.087) (0.087) (0.086) (0.086) (0.087) (0.087)
No calculator at home -3.590%**  _3.349%** 3 S ¥Fk* 3 S52kk*k 3 S55¥kEk - F 5F7wEx 3 S3QH**
(0.138) (0.136) (0.135) (0.135) (0.135) (0.135) (0.135)
No computer at home -1.610%***  -1.459%**  _]1,664%*%*  -1.521%** -] S512%¥*  _1,623%¥*%*  _1.611***
(0.093) (0.092) (0.092) (0.093) (0.093) (0.092) (0.092)
No study desk at home -1.659%**  _1.416%**  -1.305%**  -1.340%** -1.347*¥* _1206%** -] 297***
(0.106) (0.105) (0.104) (0.103) (0.104) (0.103) (0.103)
No dictionary at home 2. 106%** 1 956%**F 2 102%*F* 2. 091%**  _2.098***k D [3T7¥k* D [1]H**
(0.109) (0.108) (0.108) (0.108) (0.108) (0.108) (0.108)

Teacher and School Characteristics
Teacher’s age (young than 30 omitted)

(Table to be continued)
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Model1 Model2 Model3 Model4  Model 5 Model 6 Model 7  Model 8 Model 9 Model 10
Old age (50+) -0.288* -0.245 -0.290* -0.295* -0.262 -0.265
(0.166) (0.164) (0.164) (0.164) (0.164) (0.164)
Male teacher 0.055 -0.027 -0.065 -0.058 -0.020 -0.044
(0.082) (0.081) (0.081) (0.081) (0.081) (0.081)
Teacher’s education (secondary school and lower omitted)
BA/equivalent -0.104 -0.107 -0.114 -0.090 -0.084 -0.152
(0.104) (0.103) (0.103) (0.104) (0.103) (0.103)
MA/PHD 0.426%** 0.382%** 0.275%* 0.286** 0.381*** 0.319%*
(0.134) (0.133) (0.133) (0.133) (0.133) (0.133)
Years of teaching 0.026%** 0.032%** 0.034%**  (0.034***  (.033%** 0.032%**
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
Teacher’s class size -0.050%**  -0.045%**  -0.043***  _0.043*%** -0.041%**  -0.042%**
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
School in urban area 0.265%** 0.392%** 0.515%**  (0.518***  (.382%** 0.422%**
(0.087) (0.086) (0.087) (0.087) (0.086) (0.086)
More than 5% of students -1.403%%* ] 253%%Ek ] 242%F% ] Q41HEK ] 247FF*F ] D48F**E
absent at school (0.098) (0.097) (0.097) (0.097) (0.097) (0.097)
Percentage of students from disadvantaged families at school (0-10% omitted)
11-50% -2.050%*F* 1. 870%**  2.024%**  2.033%*k* -] g7IHHE 1 905%**
(0.102) (0.101) (0.102) (0.102) (0.101) (0.101)
More than 50% S4.272%F% 4 599%k* 4 B3QHAK 4 R4RFF* 4 600***F  -4.65]%*F*
(0.132) (0.131) (0.134) (0.134) (0.131) (0.132)
National Average Education and Social Expenditures (per head PPP U.S. Dollars)
Preschool education expenditures 0.007%** 0.013***  0.011***  (0.008%** 0.009%**
(0.000) (0.001) (0.001) (0.000) (0.000)
Primary education expenditures -0.003***  -0.003***  -0.003*** -0.003***  -0.003***
(0.000) (0.000) (0.000) (0.000) (0.000)

(Table to be continued)
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Model 1 Model 2 Model 3 Model 4 Model5 Model6 Model7 Model8 Model9 Model 10

Expenditures on family cash benefits 0.014***  (0.008**

during preschool years (0.001) (0.004)
Expenditures on health -0.000 -0.010%**

during preschool years (0.001) (0.002)
Other social expenditures -0.006***  -0.003%**

during preschool years (0.000) (0.001)
Expenditures on family cash benefits -0.007*

during primary school years (0.004)
Expenditures on health 0.021#***

during primary school years (0.001)
Other social expenditures -0.005%**

during primary school years (0.001)
Total social expenditures -0.001***  -0.003***

during preschool years (0.000) (0.000)
Total social expenditures 0.002%**

during primary school years (0.000)
Constant 99.604***  _81.640%** -63.441*** _26.469*** _-18.606%* 14.848*%  25.341%** 14.792% 18.246**  15.298**

(0.079) (8.463) (8.337) (7.760) (7.659) (7.638)  (7.726) (7.850) (7.655) (7.668)
Observations 62294 62294 62294 62294 62294 62294 62294 62294 62294 62294
R-squared 0.12 0.15 0.18 0.29 0.31 0.33 0.33 0.33 0.33 0.33
Notes:

1. Standard errors in parentheses;

2. * Marginally significant at 10%; ** significant at 5%; *** significant at 1%.
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country positions. In model 4, 4 graders from the Netherlands, for instance, have an advantage of .36 of
a standard deviation, as compared to .45 in Model 1. The addition of teacher and school characteristics in
Model 5 has a somewhat larger effect on the country coefficients. The Netherlands advantage, for
instance, is reduced to 0.26 of a standard deviation. Like the child and family characteristics, the teacher
and school characteristics work as expected. For instance, children have higher math scores when they
have teachers who have more experience and are in smaller classes, and when they are in schools that
have lower absentee rates and lower percentages of disadvantaged students.

Model 6 adds the control for public preschool expenditures per preschool age child. The
coefficient is small but statistically significant, indicating that a $100 per child increase in public
preschool expenditures is associated with a gain of .07 of a standard deviation in 4™ graders’ math scores.
The model also controls for public primary school expenditures per school age child, but the coefficient
on this variable is negative, indicating that when countries increase their primary school expenditures by
$100 per child, math scores fall by an average of .03 of a standard deviation. This latter result is
somewhat puzzling but is not inconsistent with the prior literature on school expenditures which finds
that higher expenditures are not always associated with improved school achievement (Hanushek, 2006).
One possible reason is that such expenditures may be endogenous (if school spending goes up when
achievement is lagging or when more special needs students are enrolled).

Adding the controls for preschool and primary school expenditures in Model 6 does alter some of
the country coefficients. Most dramatically, the coefficient for the Netherlands switches sign and is
now .51 of a standard deviation below the U.S. average, suggesting that preschool expenditures play a
role in explaining the Netherlands’ superior position in the prior models. New Zealand and U.K. also
have more negative means relative to the U.S. than they did in prior models, suggesting that that for them
as well, higher preschool expenditures confer advantages relative to the U.S.

As a robustness check, we estimate four additional models, adding detailed controls for other
social expenditures during the preschool years (Model 7), detailed controls for other social expenditures
during both the preschool and primary school years (Model 8), controls for total other social expenditures
during the preschool years (Model 9), and controls for total other expenditures during the preschool and
primary school years. These expenditure variables are fairly highly correlated and it may not be

appropriate to control for all of them in the same model. However, if these controls are omitted, our
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estimates of the effects of preschool expenditures may be biased. Therefore, we do not emphasize
results from one model but rather consider how the preschool coefficient changes across models. In the
models with detailed controls for other expenditures, the effect of a $100 per child increase in preschool
expenditures increases, to .13 of a standard deviation in model 7 and .11 of a standard deviation in Model
8. When we instead add controls for total other expenditures during the preschool years or preschool
and primary school years, it falls again, to .08 (Model 9) and .09 (Model 10) of a standard deviation

Results for children’s science test scores are shown in Table 4. Rather than discuss these results
in detail, we focus our attention on the effect of public preschool expenditures, our main independent
variable of interest. ~As with math scores, we find that public preschool expenditures have small but
statistically significant effects on 4™ graders’ science scores. These effects are considerably smaller
than they are for math scores, ranging from a coefficient of .003 (model 6) to a coefficient of .007 (model
7), implying that a $100 per child increase in expenditures would be associated with an increase of
between .03 and .07 of a standard deviation in science test scores.

We now turn to the question of whether the effects of preschool expenditures are larger for more
disadvantaged children. We consider seven distinct measures of disadvantage: being a child of immigrant
parent(s); not always speaking the test language at home; having fewer than 25 books in the home; not
having a calculator; not having a computer; not having a study desk; and not having a dictionary. We
begin with our simplest preschool expenditure model from Tables 3 and 4 (Model 6) and test for
differential effects of preschool expenditures for these groups by adding interaction terms to the model.”
Thus, when testing for larger (or smaller) effects for children of immigrants, we include (in addition to the
main effect for being a child of immigrants and the control for public preschool expenditures per child) an
interaction term for being a child of immigrants and the level of public preschool expenditures per child.
The coefficient on the interaction term tells us whether the effect of public preschool expenditures is
significantly different for children of immigrants than for other children. A similar logic applies when we

use interaction terms for our other measures of disadvantage.

2 We also estimated interaction models based on Models 7-10, where we interacted the group indicator (for
example, child of immigrant) with each of the expenditure variables. In results not shown but available on request,
the effects of the interaction between the group indicators and public preschool expenditures were basically the
same as in the results presented in Table 5. Because the results become quite complex with so many interaction

terms, we show only the results from Model 6.
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Table 4. OLS Regression of Science Scores without Interactions

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
Wave of Data (wave 2003 omitted)
Wave 1995 -0.467***  (.144* -0.080 -0.348%**  _0.443**%* D 909***  _3309***  _0.916 -4 4TTRFE 4 514%%*
(0.080) (0.081) (0.082) (0.082) (0.099) (0.149) (0.381) (0.822) (0.258) (0.259)
Participated Countries (the U.S. omitted)
Australia 1.005%**  (0.914%** 0.585%** -0.110 -0.868***  -1.808***  _2.082***  (.745 -0.477 -0.213
(0.121) (0.119) (0.117) (0.111) (0.130) (0.228) (0.399) (0.862) (0.290) (0.318)
Japan 2.479%*%* 3 8TTH** 2.613%** 1.277%%* -0.771%%*%  _1.055%*%* ], 587%** 4.179%**  -0.677** -0.416
(0.128) (0.144) (0.147) (0.144) (0.179) (0.276) (0.344) (0.491) (0.281) (0.309)
Netherlands 0.466***  (0.401*** 0.060 -0.606%**  -1.619%**  -6.353*%**  0.461 10.908*** -3 850%**  _4,143%%*
(0.152) (0.150) (0.147) (0.139) (0.174) (0.288) (0.558) (1.152) (0.444) (0.467)
New Zealand -1.000%**  -0.864%**  -(0.820***  -1.314%**  _2338***  _6.009%**  -5.041***  0.000 -4.532%**% 4 (028%**
(0.141) (0.139) (0.137) (0.128) (0.157) (0.239) (0.502) (0.000) (0.311) (0.399)
Norway -5.624%**% 5 530%**  _6.308***  _6.087***  -6.534***  _3486%**  -13.043*** (0.000 -5.313%**%  _7.096%**
(0.142) (0.144) (0.141) (0.135) (0.169) (0.383) (1.143) (0.000) (0.455) (0.995)
U.K. 1.058***  (.526*** 0.002 -0.361%**%  _0.574%*%*  4224%**  _] 389¥*F*  §287**¥* D (82¥*F* D 162*F**
(0.141) (0.139) (0.136) (0.128) (0.143) (0.211) (0.448) (0.483) (0.358) (0.360)
Child and Family Characteristics
Child’s age (months) 2.746%** 2.385%** 1.765%** 1.648*** 1.489%** 1.441%%* 1.445%%* ] 455%** 1.453%%*
(0.142) (0.139) (0.129) (0.128) (0.127) (0.127) (0.127) (0.127) (0.127)
Child’s age (squared) -0.011%**  -0.009***  -0.007***  -0.006*¥**  -0.006***  -0.006*¥**  -0.006%** -0.006¥**  -0.006***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Girl -0.706%**  -0.743*** 1 301%*¥*  -1.266%**  -1.250%**  _1262%*%*  _1264%** _]257¥*k*¥ ] 257k**
(0.077) (0.075) (0.071) (0.070) (0.070) (0.070) (0.070) (0.070) (0.070)
Number of members -1.022%**  _0.857**%* 0. 711%*¥*  -0.662*¥**  -0.651***  -0.641***  -0.640%** -0.650%**  -0.650***
(0.027) (0.027) (0.025) (0.025) (0.024) (0.024) (0.024) (0.024) (0.024)
Child of immigrants -0.867***  _0.664%**  0.564***  _0.531%**  _Q.572***  _0.606*%** -0.546***  -0.540%**
(0.105) (0.099) (0.098) (0.097) (0.097) (0.098) (0.097) (0.097)

(Table to be continued)
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Model1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10

Not always speaking test -6.113%**  _4.654%*%*% 4 268%** 4 279%k* A DQR¥*k 4 DR4F¥* 4 QTRk*k* 4 DROF**

language at home (0.137) (0.129) (0.128) (0.127) (0.127) (0.127) (0.127) (0.127)

Child does jobs at home (no time omitted)

Less 1 hour 1.201%*** 1.146%** 1.140%** 1.139%%% ] 134%%*% ] ]34%** 1.136%**
(0.105) (0.103) (0.103) (0.103) (0.102) (0.103) (0.103)

1-2 hours 0.028 0.029 0.017 0.038 0.034 0.007 0.009
(0.121) (0.119) (0.119) (0.119) (0.119) (0.119) (0.119)

More than 2 hrs S2.556%%* D 389***k D 3REHAR D J5wAkR D J5Fkkk D 3QPkEEk D 3O wAk

(0.139) (0.137) (0.137) (0.137) (0.136) (0.137) (0.137)
Child reads books for enjoyment (no time omitted)

Less 1 hour 1.699%*%* 1.632%%*%* 1.707%** 1.657***  1.653%**  1,696%*** 1.694%%*%*
(0.098) (0.096) (0.096) (0.096) (0.096) (0.096) (0.096)
1-2 hours 3.188%*** 3.1209%*%* 3.224%%* 3071%%% 3 165%%*  32]8%** 3.215%**
0.114) (0.113) (0.112) (0.112) (0.112) (0.112) (0.112)
More than 2 hrs 3.240%*%* 3.255%%%* 3.355%%* 3.300%**  3207***  3.347%** 3.342%%*
(0.133) (0.131) (0.131) (0.130) (0.130) (0.130) (0.131)
Less than 25 books at home S4.245%x* 3 RTIHREE 3 TQLRER 3 TT4RRE 3 JE3HEA 3 TORHAR 3 JQFHAk
(0.091) (0.090) (0.090) (0.090) (0.090) (0.090) (0.090)
No calculator at home -3.619%%* 3 377wFEk 3 5DQREE 3 624%H*k 3 O3 HRK _F563FkF 3 560%**
(0.142) (0.141) (0.140) (0.140) (0.140) (0.140) (0.140)
No computer at home -1.730%%*  _1.554%*% ] 735%*k* ] S539Fkx ] 518F**F  _1.683%FF*  _1.679%**
(0.096) (0.095) (0.095) (0.096) (0.096) (0.096) (0.096)
No study desk at home -1.450%**  J120101%**% [ 157**%F -1 208%*F*  -1.223%k* ] 146***  _].146%**
(0.109) (0.108) (0.108) (0.108) (0.108) (0.108) (0.108)
No dictionary at home S2.071%¥% 0 -1.940%**  -1.948%** -] 940***  -].055%¥*  _1.993%** ] 984***

(0.113) (0.112) (0.112) (0.112) (0.112) (0.112) (0.112)
Teacher and School Characteristics
Teacher’s age (young than 30 omitted)

(Table to be continued)

20



Conference draft — not for citation

Modell Model2 Model3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10
Middle age (30-49) 0.214%* 0.287%* 0.230%* 0.228%* 0.274%* 0.270%*
(0.114) (0.113) (0.113) (0.113) (0.113) (0.113)
Old age (50+) -0.132 -0.078 -0.111 -0.123 -0.098 -0.099
(0.172) (0.171) (0.171) (0.171) (0.171) (0.171)
Male teacher -0.166** -0.194%** -0.249%**  _(0.234%** (). 185%%* -0.194%**
(0.085) (0.084) (0.084) (0.084) (0.084) (0.084)
Teacher’s education (secondary school and lower omitted)
BA/equivalent -0.192* -0.187* -0.087 -0.033 -0.157 -0.181*
(0.107) (0.107) (0.107) (0.108) (0.107) (0.107)
MA/PHD 0.286** 0.238* 0.172 0.196 0.237* 0.216
(0.138) (0.138) (0.138) (0.138) (0.138) (0.138)
Years of teaching 0.023%** 0.025%** 0.027***  0.028***  0.026*** 0.026%**
(0.006) (0.006) (0.006) (0.006) (0.006) (0.0006)
Teacher’s class size -0.048***  -0.042***  -0.037*** -0.038*** -0.037*%** = -0.037***
(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)
School in urban area -0.157* -0.038 0.094 0.100 -0.051 -0.038
(0.090) (0.089) (0.090) (0.090) (0.089) (0.090)
More than 5% of students -1.502%** - _],392%*% ] 372¥*k¥ ] FTIF¥F ] 385%k¥*k ] .385%**
absent at school (0.101) (0.101) (0.101) (0.101) (0.101) (0.101)
Percentage of students from disadvantaged families at school (0-10% omitted)
11-50% -1.856%**  _1.748%**  _1.936%**  _1956%** -1.753%¥*%*  _].764***
(0.105) (0.105) (0.106) (0.106) (0.105) (0.105)
More than 50% -4 208%** 4 ABRFKE 4 BD¥AK 4 AZFRF¥ 4 ARR¥F* 4. 506%**
(0.137) (0.137) (0.139) (0.139) (0.136) (0.137)
National Average Education and Social Expenditures (per head PPP U.S. Dollars)
Preschool education expenditures 0.003*** 0.007***  0.006***  (0.004*** 0.005%**
(0.000) (0.001) (0.001) (0.000) (0.000)
Primary education expenditures -0.002***  -0.002%**  -0.002***  -0.002***  -0.002***
(0.000) (0.000) (0.000) (0.000) (0.000)

(Table to be continued)
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Model 1 Model 2 Model 3 Model4 Model5 Model6  Model7 Model8 Model9 Model 10
Expenditures on family cash benefits 0.011***  0.004
during preschool years (0.001) (0.004)
Expenditures on health 0.004***  -0.001
during preschool years (0.001) (0.002)
Other social expenditures -0.006***  -0.003***
during preschool years (0.000) (0.001)
Expenditures on family cash benefits 0.001
during primary school years (0.005)
Expenditures on health 0.015%**
during primary school years (0.001)
Other social expenditures -0.007***
during primary school years (0.001)
Total social expenditures -0.002%**  -0.002***
during preschool years (0.000) (0.000)
Total social expenditures 0.001**
during primary school years (0.000)
Constant 100.236***  -67.095%**  -44.083*** -8.005 1.827 23.972%*% 2R 169%** 21.732%%* DR 243%** 27241 ***
(0.082) (8.794) (8.591) (8.023) (7.918) (7.940) (8.029) (8.157) (7.958) (7.973)
Observations 62294 62294 62294 62294 62294 62294 62294 62294 62294 62294
R-squared 0.05 0.09 0.13 0.24 0.27 0.27 0.28 0.28 0.27 0.27
Notes:

1. Standard errors in parentheses;

2. * Marginally significant at 10%; ** significant at 5%; *** significant at 1%.
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The results for math scores are shown in first three columns of Table 5. As can be seen in the
table, we find mixed evidence for the hypothesis that public preschool expenditures benefit disadvantaged
children more than other children. With regard to our first indicator of disadvantage, being a child of
immigrants, we find a negative interaction effect, indicating that public preschool expenditures have less
of an effect for children of immigrants than for other children, perhaps because children of immigrants are
less likely to have participated in preschool programs (because they were not resident in the country
during their preschool years or because they did not attend such programs). However, for our second
indicator, we find a positive interaction between not always speaking the test language and preschool
expenditures in the science test score model, providing some support for the idea that this group does
derive greater benefit from preschool spending. Across the other five indicators, all of which have to do
with resources in the home, we find that of ten possible interaction terms between low resources and
preschool expenditures, five are positive and statistically significant or marginally significant (while the
other five are not significant), lending some support to the idea that public preschool spending may confer

greater advantages to children from lower-resource homes.
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Table 5. OLS Regression with Interactions
Between Disadvantaged Factors and Education Expenditures

Math Scores

Science Scores

Preschool Primary Preschool Primary
nditur school expenditures school
expenditures expenditures p expenditures
) -0.644* 0.007%*** -0.003*** -0.130 0.003*** -0.002***
Variable
Child of (0.339) (0.000) (0.000) (0.352) (0.000) (0.000)
immigrants -0.002%%* 0.000%** -0.001 % 0.000*
Interaction - _
(0.000) (0.000) (0.000) (0.000)
) -1.908*** 0.006%*** -0.003*** -2.964%** 0.002%** -0.002***
Not always Variable
speaking test (0.433) (0.000) (0.000) (0.450) (0.000) (0.000)
language at ] 0.000 -0.000 0.001*** -0.000%**
home Interaction - _
(0.000) (0.000) (0.000) (0.000)
Variabl S3.712%%* 0.006%*** -0.003*** -4.020%** 0.003*** -0.002***
ariable
Less than 25 (0.309) (0.000) (0.000) (0.321) (0.000) (0.000)
books at home , 0.000 0.000 0.000 -0.000
Interaction - _
(0.000) (0.000) (0.000) (0.000)
) -2.911*** 0.007*** -0.003*** -1.387*** 0.003%** -0.002***
Variable
No calculator (0.505) (0.000) (0.000) (0.524) (0.000) (0.000)
at home 0.002%** -0.000*** 0.003*** -0.001 ***
Interaction - -
(0.000) (0.000) (0.000) (0.000)
) -1.389*** 0.007*** -0.003*** -1.545%** 0.003*** -0.002***
Variable
No computer (0.349) (0.000) (0.000) (0.363) (0.000) (0.000)
at home ) 0.000 -0.000 0.000* -0.000
Interaction - -
(0.000) (0.000) (0.000) (0.000)
) -0.703* 0.007%*** -0.003*** -1.102%** 0.003*** -0.002***
Variable
No study desk (0.401) (0.000) (0.000) (0.417) (0.000) (0.000)
at home ) -0.000 -0.000 -0.000 0.000
Interaction - -
(0.000) (0.000) (0.000) (0.000)
) -1.593%** 0.007*** -0.003*** -1.399%** 0.003*** -0.002***
Variable
No dictionary (0.374) (0.000) (0.000) (0.389) (0.000) (0.000)
at home ) 0.00] *** -0.000** 0.00] *** -0.000**
Interaction - -
(0.000) (0.000) (0.000) (0.000)
Notes:

1. Standard errors in parentheses;
2. * Marginally significant at 10%; ** significant at 5%; *** significant at 1%.
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Conclusions

This study examined the effects of public preschool expenditures on the math and science scores
of 4™ graders, holding constant child, family, and school characteristics, other relevant social expenditures,
and country and year effects, using data from the 1995 and 2003 Trends in International Mathematics and
Science Study (TIMSS) for children from seven OECD countries -- Australia, Japan, Netherlands, New
Zealand, Norway, U.K., and U.S. We also explored whether preschool expenditures matter more for
children at risk of poor school achievement, as indexed by having low levels of resources in the home or
coming from an immigrant family or a family that does not always speak the test language.

Our results indicate that there are small but significant positive effects of public preschool
expenditures on the math and science scores of 4™ graders. We find that an increase in preschool
expenditures of $100 per child would lift children’s math scores by .07 to .13 of a standard deviation, and
would raise their sciences scores by .03 to .07 of a standard deviation. These estimates are somewhat
sensitive to how we control for other social expenditures but in each model remain positive and
statistically significant.

We also find some evidence that children from low-resource homes may tend to gain more from
increased public preschool expenditures than other children, but that children of immigrants may gain less
(perhaps because they are less likely to attend such programs). Thus, this study provides new evidence
that increasing public preschool expenditures would raise children’s math and science achievement but
mixed evidence as to the role of such expenditures in helping to close gaps in achievement between less
and more advantaged students.

A key concern in this study is controlling for unobserved heterogeneity across countries that may
be correlated with both public spending and student outcomes. We attempt to address this heterogeneity
by using multiple waves of data and including country fixed effects as well as year effects, but as noted
earlier, our analyses are limited in that we have only two waves of data per country. Thus, we can not be
certain that we have controlled for all the factors that vary across countries and that may matter for
student achievement as well as public spending. A further limitation is that TIMSS contains few controls
for key family background variables such as parental education or for the quality of preschool or school
programs that children attend. There are clearly many factors that are consequential for student
achievement that we are not able to control for in these data.

In spite of these shortcomings, it is striking how consistent our results are across models in
pointing to a small but significant positive association between public preschool expenditures and higher
student math and science scores in 4™ grade. These results suggest that public preschool expenditures
may play a role in raising children’s math and science achievement. The exact magnitude of these
effects, how they come about, and whether and how they vary across different groups of children are all
excellent topics for further research.
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