Centre for Discussion Paper  1ssn 20422695
‘o Economic
Performance

No. 1968
December 2023

Autonomous
schools,
achievement
and
segregation

Natalie Irmert
Jan Bietenbeck
Linn Mattisson
Felix Weinhardt

He LONDON SCHOOL Economic
of ECONOMICS anD and Social
POLITICAL SCIENCE W Research Council



Abstract

We study whether autonomous schools, which are publicly funded but can operate more independently
than government-run schools, affect student achievement and school segregation across 15 countries
over 16 years. Our triple-differences regressions exploit between-grade variation in the share of students
attending autonomous schools within a given country and year. While autonomous schools do not affect
overall achievement, effects are positive for high-socioeconomic status students and negative for
immigrants. Impacts on segregation mirror these findings, with evidence of increased segregation by
socioeconomic and immigrant status. Rather than creating “a rising tide that lifts all boats,” autonomous
schools increase inequality.
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1 Introduction

In the past few decades, many countries have enacted education reforms that have led to
the establishment of autonomous schools, which are publicly funded but can operate more
independently than government-run schools. Examples of such schools include academies
in England, church schools in Hungary, free schools in Sweden, and charter schools in
the United States. The central theoretical motivation for establishing these schools is the
notion that there are competition-related welfare gains in the school sector: autonomous
schools increase choice and thus competition for students who can vote with their feet
(Tiebout 1956, Hoxby 2000). This creates an incentive for all schools to boost their pro-
ductivity, which could lead to “a rising tide that lifts all boats” (Hoxby 2003). In practice,
the rise of autonomous schools has sparked an intense academic and public debate, which
primarily centers on their impacts on student achievement and school segregation.!

In this paper, we provide a comprehensive assessment of the effects of autonomous
schools on these outcomes. Leveraging data from 15 countries over 16 years, we offer the
broadest scope of analysis to date. Our findings paint a rather sobering picture: while
autonomous schools do not raise overall achievement, they amplify inequality. Specifically,
there are positive effects on the achievement of high-socioeconomic status and native
students, contrasted with negative effects on low-socioeconomic status and immigrant
students. Moreover, autonomous schools increase school segregation along these same
two dimensions of student background. We conclude that competition-induced system-
wide positive effects remain elusive at the international level.

To reach this conclusion, we assemble data on the prevalence of autonomous schools
from the OECD’s annual FEducation At a Glance reports. The data capture the share
of students in a country who attend autonomous schools, separately for primary and
lower secondary education. To measure achievement and segregation, we use data from
five waves of the Trends in International Mathematics and Science Study (TIMSS), an
international assessment of students’ math and science knowledge. The assessment covers
both fourth grade, which we link to the prevalence of autonomous schools in primary
education, and eighth grade, which we link to the prevalence in lower secondary education.
The linked data span the years 2003 to 2019 and contain individual-level information
on achievement for 484,526 students. We add to this four measures of segregation by
socioeconomic status (SES) and immigrant status at the country-year-grade level, which
we compute using information gathered via the TIMSS student questionnaire and which
we describe in more detail below.

Identifying the causal effects of autonomous schools in an international setting is dif-
ficult because countries and their school systems differ in many unobserved ways. We

overcome this challenge using a novel (in the international setting) triple-differences re-

We review the related literature on the impacts of autonomous schools below.



search design that leverages between-grade variation in the share of students attending
autonomous schools within a given country and year. Our regressions account for all
country-year-specific shocks, grade-year-specific shocks, and time-invariant country-grade
differences that could potentially confound the effects of interest. Importantly, this means
that we non-parametrically control for any grade-unspecific changes to a country’s edu-
cation system happening during our study period. The resulting estimates capture the
causal country-wide impacts of autonomous schools.

The results reveal that autonomous schools do not affect overall math achievement
and have at most a small negative effect on overall science achievement. However, these
estimates mask important differences by student background, with consistently more pos-
itive impacts for high-SES students and native students in both subjects. For example,
we estimate that a 10 percentage point (p.p.) increase in the share of students attending
autonomous schools raises math achievement by 0.02 standard deviations (SD) among
high-SES students but lowers it by 0.04 SD among immigrant students. An implication
of this heterogeneity is that existing achievement gaps by SES and immigrant status in-
crease. Specifically, a 10 p.p. increase in the share of students attending autonomous
schools widens the SES achievement gap by five percent and the gap between natives and
immigrants by 14 percent.

Motivated by this heterogeneity in the effects on achievement, we construct four mea-
sures of class-level segregation for high-SES and immigrant students. First, we compute
the variance ratio index, which captures the relative probability that a randomly chosen
classmate of a minority student belongs to this same minority group. Second, we com-
pute the dissimilarity index, which corresponds to the share of minority students that
would have to change classes in order to ensure an equal representation across classes. We
construct these measures separately by country, year, and grade, which allows us to use
the same triple-differences design as in the analysis of achievement effects. We find that
autonomous schools have a positive effect on segregation for high-SES and immigrant stu-
dents. For example, we estimate that a 10 p.p. increase in the share of students attending
autonomous schools causes segregation for high-SES students as captured by the variance
ratio index to increase by 0.14 SD.

Taken together, our results show that autonomous schools increase inequality in a
broad sense. Achievement gaps by SES and immigrant status rise substantially, and the
physical separation of these groups increases due to more segregation. We conclude that
so far, autonomous schools have not yet created a “rising tide that lifts all boats.”

Our paper relates to the growing literature on the effect of autonomous schools on stu-
dent achievement. This effect can materialize via two main channels: first, students who
attend autonomous schools may benefit. Second, autonomous schools may put compet-
itive pressure on government-run schools, affecting achievement there. One large strand

of the literature focuses exclusively on the first channel, with mixed findings (e.g. Ab-



dulkadiroglu et al. 2011, Angrist et al. 2013, Dobbie & Fryer 2015, Eyles et al. 2017,
Eyles & Machin 2019, Bertoni et al. 2023). Another, smaller strand examines the second,
competitive-pressure channel, also with mixed results (e.g. Winters 2012, Figlio et al.
2021).? The different settings and results in this literature make it difficult to draw con-
clusions about the aggregate effect of autonomous schools on achievement.

A handful of studies address this problem by exploiting regional-level variation in the
prevalence of autonomous schools to study aggregate effects. Gilraine et al. (2021) show
that charter school entry in North Carolina improves math achievement at the market
level. Using nationwide data, Chen & Harris (2023) find that charter schools improve
overall market-level English Language Arts achievement, with no significant effect on
math achievement. Using variation across municipalities, Bohlmark & Lindahl (2015)
find that free schools boost aggregate student achievement in Sweden, whereas Hsieh &
Urquiola (2006) find zero to negative effects of voucher schools in Chile. Finally, Hanushek
et al. (2013) use cross-country variation in decision-making autonomy as reported by
school principals and student achievement in the Programme for International Student
Assessment. They find that autonomy boosts achievement in richer countries, but that it
is detrimental in poorer countries.® We add to this literature by providing international
evidence using an estimation strategy that controls for unobserved country-by-year shocks.

Our paper also adds to the much smaller literature on the effect of autonomous schools
on segregation. It is most closely related to recent work by Monarrez et al. (2022), who
show that charter schools modestly increase school segregation by race and ethnicity in
the United States. The authors base their conclusions on credible estimates from a triple-
differences model, which leverages variation in the share of students attending charter
schools between locations, grades, and years. This is similar to the empirical strategy
that this paper uses to study effects at the international level. In earlier research, Hsieh &
Urquiola (2006) show that the rise of voucher schools in Chile during the 1980s increased
student sorting, and Bohlmark et al. (2016) show that free school penetration is associated
with segregation by SES and immigrant status in Sweden. In comparison to this existing
literature on segregation, this study is the first to examine causal effect of autonomous
schools at the international level.

Last but not least, our study is the first to implement a triple-difference design as
employed at the regional level by Monarrez et al. (2022) to study education outcomes at
the international level. With grade-specific data on education policies widely available, we
anticipate that this identification strategy might be used in future cross-country studies

of determinants of education.

2Cohodes & Parham (2021) provide an excellent overview of both strands of literature in the context
of charter schools in the United States.

3In a related study, West & Woessmann (2010) find that private schools boost student achievement
in an international setting.



2 Data and descriptive analysis

2.1 Data sources and variable definitions

We collect data on the prevalence of autonomous schools from the OECD’s annual Educa-
tion at a Glance reports for the years from 1999 to 2019. The reports provide internation-
ally comparable indicators on education systems, including enrollment in different types
of schools. The relevant indicator for our purposes is the share of students enrolled in
government-dependent private schools, which are defined as schools that receive at least
half of their funding from the government but are privately managed (OECD 2018). In
practice, most of the government-dependent private schools in the countries we consider
receive all or nearly all of their funding from the government (see Online Appendix B for
details). Importantly for our identification strategy, the share of students attending these
schools is reported separately for primary and lower secondary education.

To measure achievement and segregation, we use individual-level data from TIMSS,
an international student assessment conducted every four years since 1995 by the Inter-
national Association for the Evaluation of Educational Achievement. TIMSS uses a two-
stage clustered sampling approach to select nationally representative samples of fourth-
and eighth-grade students. In the first stage, schools are selected, and in the second stage,
classes within these schools are randomly chosen. In these selected classes, all students
take standardized tests in math and science and provide comprehensive background in-
formation through questionnaires. We link fourth-grade students to the prevalence of
autonomous schools in primary education and eighth-grade students to the prevalence of
autonomous schools in lower secondary education.

Our first main outcome is student achievement, measured using TIMSS math and
science scores. These scores are comparable across TIMSS waves and are reported as
five plausible values, which are random draws from a posterior distribution.* To obtain
unbiased coefficient estimates, we use the average of these five plausible values for each
subject. For ease of interpretation, we standardize these averages to have a mean of zero
and a standard deviation of one.

Our second main outcome is segregation by SES and immigrant status. We focus on
these two dimensions because of our own findings indicating differences in the impact
of autonomous schools on achievement by SES and immigrant status and because of the
distinct school choices along these dimensions documented in prior research (e.g. Bohlmark
et al. 2016, Bertoni et al. 2020). We define SES based on the number of books in a student’s

home, with more than 100 books indicating high SES.® We determine immigrant status

4Plausible values are used in most international student assessments, see Jerrim et al. (2017).

5Books at home have been widely used as a proxy for SES in previous research, see for example Wo8-
mann (2003). We would like to use parental education as an additional measure of SES, but unfortunately
this information is only available for eighth-grade students. Since our regressions rely on between-grade
variation, we need to use a measure that is available for both fourth- and eighth-grade students.
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using information on a student’s country of birth provided in the student questionnaire.

We exploit TIMSS’ sampling of entire classes within schools to measure segregation at
the class level. This is especially advantageous in systems in which students are tracked
within schools, as it allows us to capture both between- and within-school segregation.
We calculate two measures of segregation of high-SES students and immigrant students:
the variance ratio index and the dissimilarity index. The variance ratio index captures
the relative probability that a randomly selected classmate of a minority student belongs
to the same minority group, while the dissimilarity index corresponds to the share of mi-
nority students that would have to change classes in order to ensure equal representation.
Both indices account for the overall student composition in a country, which makes them
comparable across countries and time.® They range from 0 to 100, with higher values
indicating greater segregation levels. We calculate the indices separately for each country,

grade, and year.

2.2 Sample selection, summary statistics, and trends in autonomous school attendance

Our identification strategy exploits within-country between-grade variation in the share of
students attending autonomous schools over time. Therefore, we select all countries that
participated in at least two waves of TIMSS with both fourth- and eighth-grade students,
and for which data on the share of students attending autonomous schools are available for
these waves. 15 countries fulfill these requirements: Australia, Chile, Finland, Hungary,
Ireland, Italy, Japan, South Korea, Lithuania, Norway, Russia, Slovenia, Sweden, Turkey,
and the United Kingdom. The sample spans the years 2003 to 2019 and includes a total
of 484,526 students distributed across 106 country-grade-year cells.

Table 1 shows summary statistics for this sample. When computing these statistics, we
use weights that adjust for individual sampling probabilities and that give equal weight
to all country-grade-year cells. In our sample, six percent of students are classified as
immigrants, while roughly one third have more than 100 books at home, indicating high
SES. Across all years, about ten percent of students attend autonomous schools. The
bottom of the table shows means and standard deviations for the segregation indices,
which are measured at the country-grade-year level.” The means of these indices are
broadly similar to the corresponding indices measuring school segregation of minority
students at the level of metropolitan areas in the United States (Monarrez et al. 2022).

Figure 1 visualizes the evolution of autonomous school attendance from 1999 to 2019,
separately by country and grade level. Several countries experienced significant increases,
most notably the United Kingdom, where lower-secondary autonomous school enrollment

surged from zero to over 60 percent. Chile, Hungary, and Sweden also saw substantial

6Online Appendix B provides additional details on the calculation of the segregation indices.
"There are only 80, rather than 106, observations for the indices measuring segregation of immigrants
because no information on country of birth was collected in fourth grade in TIMSS 2011.



growth, with smaller but noteworthy increases in Australia, Finland, Norway, and Slove-
nia. Importantly, these trends varied between grade levels: with the exception of Chile
and Slovenia, the increase of autonomous school enrollment in lower secondary school
outpaced the rise in primary school in all countries. Finally, six countries in our sample
had no autonomous schools at either grade level during the entire sample period.

Online Appendix Figures A.1 to A.6 depict the corresponding trends in our outcome
variables. Regarding achievement, there is no clear overall trend among the 15 countries,
with some showing increasing trends and others displaying decreasing trends. Similarly,
trends in segregation remain relatively stable during this time period for most countries,
with a few exceptions. In the analysis below, we explore whether these trends can be

attributed to changes in autonomous school enrollment.

3 Empirical strategy

We estimate triple-differences specifications that leverage between-grade variation in the
share of students attending autonomous schools within a given country and year. In-
tuitively, we ask whether an increase in autonomous-school enrollment at the secondary
level, relative to the primary level, results in corresponding changes in the outcome vari-
able between the two levels. When estimating effects on achievement, we use student-level

data and the following specification:

Aicgt = aa + BGATSCgt + Xz{cgtrya + 5?9 + Agt + egt + ggcgtv (1)

where i denotes students, ¢ denotes countries, g denotes grades, and t denotes years.
Ajcgt 1s achievement in math or science and AT'S,y is the share of students enrolled in
autonomous schools. X, is a vector containing the student characteristics listed in
Table 1, which we interact with country dummies. .4 is a vector of country-grade fixed
effects, A is a vector of country-year fixed effects, and 0 is a vector of grade-year fixed
effects. When estimating this specification, we use weights that adjust for individual
sampling probabilities and that give equal weight to all country-grade-year cells. We
cluster standard errors at the country-grade level.

In contrast to achievement, segregation is a system-level outcome. Therefore, when
estimating effects on segregation, we use data at the country-grade-year level and the

following specification:

cht =o'+ BSATSCgt + 5?9 + )‘it + 9;15 + CC:fcgt’ <2)

where S, is the variance ratio index or the dissimilarity index measuring segregation of
either high-SES students or immigrant students and the other variables and parameters

are defined in a manner equivalent to those in Equation 1.



The identification of the effect of autonomous schools in Equations 1 and 2 relies on
a comprehensive set of fixed effects. Most importantly, by using between-grade variation,
we are able to include country-year fixed effects that account for all grade-unspecific
changes to the education system over time. This is an improvement over previous studies
on international differences in education outcomes, which have included country and year
fixed effects but which have not been able to account for country-specific changes that
could be correlated with the outcome and the treatment (e.g. Brunello & Rocco 2013,
Hanushek et al. 2013, Bergbauer et al. 2021).

4 Results

4.1 Effect on achievement: overall effect

Table 2 presents estimates of the aggregate effect of autonomous schools on math and
science achievement. Columns 1 and 3 show results from regressions that omit student
controls and reveal at most small impacts: a 10 p.p. increase in the share of students
attending autonomous schools is estimated to raise math achievement by 0.007 SD and
decrease science achievement by 0.009 SD. Neither of these estimates is statistically sig-
nificant at conventional levels. Columns 2 and 4 add student controls to these regressions,
which makes the coefficients slightly more negative: a 10 p.p. increase in the share of
students attending autonomous schools is now estimated to decrease math achievement
by an insignificant 0.003 SD and science achievement by a marginally significant 0.017
SD. Overall, the takeaway from these results is that the aggregate effect of autonomous
schools on achievement appears to be small and, if anything, negative.

We test the robustness of this finding with respect to sample selection choices. In On-
line Appendix Table A.1, we initially exclude the six countries that never had autonomous
schools from our sample. As would be expected, this leaves the estimates largely un-
changed. We then proceed to further exclude each of the remaining nine countries from
the sample one by one. This again does not change the estimates much, with one excep-
tion: when we exclude England, the coefficients become more positive and much larger,
but also less precisely estimated. This is not entirely surprising. Figure 1 shows that
England contributes substantially to the between-grade variation in the share of students
attending autonomous schools over time. This is what the triple-differences specification
uses to estimate the effect. Moreover, the fact that the estimates become more positive
when England is excluded is in line with the finding in Eyles et al. (2017) that attending
a primary school academy has a small negative effect on test scores in this country. We
therefore conclude that the main findings stand.

How do these estimates compare to those in the previous literature? Chen & Harris

(2023) use nationwide data from the United States and find that a 10 p.p. increase in



the charter market share raises English Language Arts achievement by 0.01 SD, with less
robust results for math achievement. Gilraine et al. (2021) find that students exposed
to charter school entry in North Carolina experience an average improvement in math
achievement of 0.02 SD relative to untreated students. In the context of Chile, Hsieh
& Urquiola (2006) find that if anything, voucher school enrollment has a small negative
effect on aggregate math achievement. Bohlmark & Lindahl (2015) find that a 10 p.p.
increase in the share of students attending free schools in Sweden is associated with 1.7
percentile rank higher math and English achievement. In sum, the previous literature has
found small effects of autonomous schools on achievement, which range from negative to
positive. Our results are fully consistent with these findings but provide a more general

assessment of this impact using data from 15 countries.

4.2 Effect on achievement: heterogeneity

In Table 3, we examine whether the effect of autonomous schools on achievement differs
by student background. Columns 1 and 2 split the sample by SES. In these specifications,
a 10 p.p. increase in the share of autonomous schools is estimated to raise high-SES
students’ achievement by a statistically significant 0.022 SD in math, with a smaller and
insignificant 0.008 SD increase in science. In contrast, the effect for low-SES students is
negative in both subjects, with a notable 0.027 SD decline in science scores. Columns
3 and 4 reveal similar differences by immigrant status, with consistently more positive
estimates for natives than for immigrants in both subjects.

The bottom rows of Panels A and B show estimates of the implied change in the
achievement gap between high- and low-SES students and native and immigrant stu-
dents. In three out of four cases, these changes are economically meaningful and highly
statistically significant. For example, a 10 p.p. increase in the share of students attend-
ing autonomous schools raises the gap in math achievement between high- and low-SES
students by 0.033 SD, which corresponds to five percent of the sample mean. Similarly,
the gap in math achievement between native and immigrant students increases by 0.050
SD, which corresponds to 14 percent of the sample mean. In the conclusion, we use these
estimates to predict future earnings differences between groups based on estimates of the
relation between test scores and earnings in the previous literature.

We move on to test the robustness of these findings. First, note that the samples in
columns 3 and 4 of Table 3 exclude observations from TIMSS 2011 because information
on immigrant status is not available for both grades in that wave. Online Appendix
Table A.2 confirms that the overall effects in the sample excluding TIMSS 2011 are very
similar to those shown in Table 2. Second, we test whether our results are sensitive to
the exact definition of the SES variable, since our definition of high SES as having more
than 100 books at home is somewhat arbitrary. We examine heterogeneity using two

different definitions of high SES based on the books-at-home variable: having more than
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200 books at home, and having more books at home than the country median value.
Online Appendix Table A.3 shows that our results are robust to these changes, and that

the heterogeneity by SES is often even more pronounced in these regressions.

4.3 Effects on segregation

Table 4 shows estimates of the effect of autonomous schools on segregation. Columns
1 and 2 focus on segregation by SES and reveal positive effects: a 10 p.p. increase in
the share of students attending autonomous schools is estimated to raise the variance
ratio index by 0.62 (about 0.14 SD) and the dissimilarity index by 0.89 (about 0.15 SD).
Column 3 similarly shows a positive effect on segregation by immigrant status, with a
coefficient of 0.043 (about 0.12 SD for a 10 p.p. rise in the share) for the variance ratio
index. In contrast, the estimated effect on the dissimilarity index in column 4 is close to
zero and insignificant. Overall, these results show that there is a non-negligible effect of
autonomous schools on segregation.

We again test the robustness of these findings. Specifically, in Online Appendix Table
A4, we first drop all countries which never had autonomous schools in our sample period,
and then drop the remaining countries from the sample one by one. Overall, the results
stand. When excluding England, the variance radio index for immigrant students shows
a larger positive effect but at lower precision. In contrast, when removing Hungary, the
estimates for the variance-ration index and the dissimilarity index for high-SES students
are larger and highly statistically significant. Across all specifications in the table, all
estimates are positive, confirming our main findings.

These results align well with those from the small existing literature that studies how
autonomous schools affect segregation. Monarrez et al. (2022) find that charter schools
in the United States modestly increase school segregation for Black, Hispanic, Asian,
and White students. Their headline finding is that a 10 p.p. increase in the share of
students attending charters leads to about a 0.9 increase in the variance ratio index for
minority students. This corresponds to about 0.07 SD, which is slightly more than half
the size (in terms of SD) of our estimates. Notice that both Monarrez et al. (2022) and
we leverage variation across grades and regions in a triple-differences setting. In a more
descriptive study, Bohlmark et al. (2016) show that free school penetration is associated
with segregation by SES and immigrant status in Sweden. Overall, our results add to this

small literature by estimating effects on segregation at the international level.

5 Conclusions

We study whether autonomous schools, which are publicly funded but can operate more
independently than government-run schools, affect student achievement and school seg-

regation at the international level. Our empirical analysis uses individual-level data on



student achievement in math and science from TIMSS 2003 to 2019, which we merge to
data on the share of students attending autonomous schools by country and grade. Based
on detailed information on students’ background and class composition, we compute four
measures of segregation by SES and immigrant status. To identify the causal effects of
autonomous schools, we estimate novel (in the international context) triple-differences
specifications, which exploit variation in the share of students attending autonomous
schools between grades within a given country and year.

Our results show little evidence of any overall effect of autonomous schools on achieve-
ment. However, this null result masks important heterogeneity: high-SES students consis-
tently benefit from autonomous schools, while immigrant students see their achievement
decrease. This implies that rather than leading to “a rising tide that lifts all boats,”
autonomous schools increase existing achievement gaps by SES and immigrant status.
Finally, in line with this finding, we document that autonomous schools lead to increased
segregation by SES and immigrant status.

How important are these effects in economic terms? To gauge this, we now use the
estimates from Chetty et al. (20144,b) to provide a quantification in terms of later wages.
Chetty et al. (2014a) show that a one SD better teacher (in terms of value added) increases
single-grade test scores by 0.14 SD and Chetty et al. (2014b) show that this relates to
US$ 39,000 higher cumulative individual lifetime earnings. Using our estimated effect on
the native-immigrant gap in math, this would imply that a 10 p.p. increase in the share
of students attending autonomous schools increases the corresponding earnings gap by
(0.05/0.14) % $39,000 = $13,929. The equivalent effect on the SES earnings gap would
be (0.033/0.14) % $39,000 = $9,193. This quantification exercise necessarily relies on
a number of strong assumptions, but it suggests that autonomous schools lead to non-

negligible increases in future earnings inequality.
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Figure 1: Trends in the share of students attending autonomous schools, by country and

grade level
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Notes: The figure shows trends in the share of students attending autonomous schools, separately
by country and for primary and lower secondary education. Data for England are imputed from
data for the United Kingdom, see Online Appendix B for details. (x) indicates years in which the
country participated in TIMSS with both fourth and eighth grade; these are the years included
in the analysis sample.
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Table 1: Summary statistics

Mean SD N
Student characteristics
Female 0.49 0.50 484,423
Age 12.35 2.06 483,424
Immigrant 0.06 0.24 418,694
Books at home:
11-25 0.24 0.43 476,495
26-100 0.31 0.46 476,495
101-200 0.17 0.37 476,495
more than 200 0.16 0.36 476,495
Autonomous schools
Share autonomous 9.70 15.75 484,526
Student achievement
Math score 0.00 1.00 484,526
Science score 0.00 1.00 484,526
Segregation (country-grade-year level)
High SES: variance ratio index 14.49 4.46 106
High SES: dissimilarity index 33.92 5.93 106
Immigrant status: variance ratio index 9.48 3.71 80
Immigrant status: dissimilarity index 56.68 14.89 80

Notes: The table shows means and standard deviations and the number of stu-
dents observed with each variable for the 484,526 students included in the analysis
sample. Statistics are computed using weights that adjust for individual sampling
probabilities and that give equal weight to all country-grade-year cells. Informa-
tion on country of birth was not collected in fourth grade in TIMSS 2011, which
explains the larger number of missing values for the immigrant variable. The
omitted category for books at home is 0-10 books. The bottom four rows show
statistics for segregation indices, which are measured at the level of 106 country-
grade-year cells; the number of observations for the indices related to immigrant
status is reduced because of the missing information on country of birth in 2011.
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Table 2: Effect of autonomous schools on student achievement

Math Science
(1) (2) (3) (4)
Share autonomous 0.0007 -0.0003 -0.0009 -0.0017*
(0.0008) (0.0007) (0.0011) (0.0009)
Observations 484,526 484,526 484,526 484,526
Student controls No Yes No Yes
Country-grade fixed effects Yes Yes Yes Yes
Country-year fixed effects Yes Yes Yes Yes
Grade-year fixed effects Yes Yes Yes Yes

Notes: The table shows estimates of the effect of autonomous schools on student achievement
in math and science. Student controls include age and dummies for female, books at home,
and immigrant, all of which are interacted with country dummies. Regressions use weights that
adjust for individual sampling probabilities and that give equal weight to all country-grade-year
cells. Standard errors in parentheses are clustered at the country-grade level.

p<0.05, ™* p<0.01.
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Table 3: Effect of autonomous schools on student achievement, heterogeneity

By SES By immigrant status

High Low Native Immigrant

(1) (2) (3) (4)

Panel A: math achievement

Share autonomous 0.0022*** —-0.0010 0.0011* —0.0039*
(0.0006) (0.0009) (0.0006) (0.0019)
Observations 159,262 317,233 325,955 21,705
Change in gap 0.0033*** 0.0050***
(0.0007) (0.0018)
Panel B: science achievement
Share autonomous 0.0008 —0.0027*** —-0.0012 —-0.0020
(0.0010) (0.0009) (0.0009) (0.0016)
Observations 159,262 317,233 325,955 21,705
Change in gap 0.0034*** 0.0008
(0.0005) (0.0012)
Student controls Yes Yes Yes Yes
Country-grade fixed effects Yes Yes Yes Yes
Country-year fixed effects Yes Yes Yes Yes
Grade-year fixed effects Yes Yes Yes Yes

Notes: The table shows estimates of the effect of autonomous schools on student achievement
in math and science, separately by socioeconomic status and immigrant status. High (low) SES
is defined as having more than 100 (at most 100) books at home. The combined sample sizes in
columns 1-2 and columns 3-4 differ from those in Table 2 because of missing values on the SES
and immigrant variables. Student controls include age and dummies for female, books at home
(not in columns 1-2), and immigrant (not in columns 3-4), all of which are interacted with country
dummies. The bottom rows in Panels A and B show the change in the achievement gap between
groups, which is estimated using seemingly unrelated regression. Sample means of these gaps
are: high-SES-low-SES math (science) gap: 0.5954 (0.6363); native-immigrant math (science)
gap: 0.3590 (0.4526). Regressions use weights that adjust for individual sampling probabilities
and that give equal weight to all country-grade-year cells. Standard errors in parentheses are
clustered at the country-grade level. * p<0.10, ** p<0.05, *** p<0.01.
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Table 4: Effect of autonomous schools on segregation

By SES By immigrant status
Variance Dissimilarity Variance Dissimilarity

ratio index index ratio index index
(1) (2) (3) (4)

Share autonomous 0.062** 0.089* 0.043* 0.004

(0.030) (0.046) (0.025) (0.062)
Observations 106 106 80 80
Country-grade fixed effects Yes Yes Yes Yes
Country-year fixed effects Yes Yes Yes Yes
Grade-year fixed effects Yes Yes Yes Yes

Notes: The table shows estimates of the effect of autonomous schools on segregation. For this
analysis, the data are collapsed at the country-grade-year level. The sample size is smaller in
columns 3-4 because information on country of birth was not collected in fourth grade in TIMSS
2011. See text for details on how the four outcome measures of segregation are computed.
Standard errors in parentheses are clustered at the country-grade level. * p<0.10, ** p<0.05,
* p<0.01.
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A Additional figures and tables

Online Appendix Figure A.1: Trends in math achievement, by country and grade level
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Notes: The figure shows trends in math achievement, separately by country and grade level. (x)
indicates years included in the analysis sample.
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Online Appendix Figure A.2: Trends in science achievement, by country and grade level
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Notes: The figure shows trends in science achievement, separately by country and grade level.
(x) indicates years included in the analysis sample.
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Online Appendix Figure A.3: Trends in variance ratio index for high-SES students, by
country and grade level
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Notes: The figure shows trends in segregation of high-SES students, separately by country and
grade level. Segregation is measured using the variance ratio index. (x) indicates years included
in the analysis sample.
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Online Appendix Figure A.4:
country and grade level

Trends in dissimilarity index for high-SES students, by
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Notes: The figure shows trends in segregation of high-SES students, separately by country and
grade level. Segregation is measured using the dissimilarity index. (x) indicates years included

in the analysis sample.
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Online Appendix Figure A.5: Trends in variance ratio index for immigrant students, by
country and grade level
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Notes: The figure shows trends in segregation of immigrant students, separately by country and
grade level. Segregation is measured using the variance ratio index. (x) indicates years included
in the analysis sample. The year 2011 is not included in the analysis sample for any country
because information on country of birth was not collected in fourth grade in that wave. Finland
is dropped from the sample because it only has one year of data.
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Online Appendix Figure A.6: Trends in dissimilarity index for immigrant students, by

country and grade level
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Notes: The figure shows trends in segregation of immigrant students, separately by country and
grade level. Segregation is measured using the dissimilarity index. (x) indicates years included
in the analysis sample. The year 2011 is not included in the analysis sample for any country
because information on country of birth was not collected in fourth grade in that wave. Finland
is dropped from the sample because it only has one year of data.
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Online Appendix Table A.2: Effect of autonomous schools on student achievement, sample
restricted to cells and students with information on immigrant status

Math Science
(1) (2)

Share autonomous —0.0003 -0.0017*

(0.0007) (0.0009)

Observations 484,526 484,526
Student controls Yes Yes
Country-grade fixed effects Yes Yes
Country-year fixed effects Yes Yes
Grade-year fixed effects Yes Yes

Notes: The table shows estimates of the effect of autonomous schools on student achievement
in math and science for the subset of students with information on immigrant status. Student
controls include age and dummies for female, books at home, and immigrant, all of which are
interacted with country dummies. Regressions use weights that adjust for individual sampling
probabilities and that give equal weight to all country-grade-year cells. Standard errors in
parentheses are clustered at the country-grade level. * p<0.10, ** p<0.05, *** p<0.01.
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Online Appendix Table A.3: Effect of autonomous schools
erogeneity using alternative definitions of SES

on student achievement, het-

Highest category

Above country median

High Low High Low
(1) (2) (3) (4)
Panel A: math achievement
Share autonomous 0.0044*** -0.0010 0.0021*** -0.0013
(0.0006) (0.0008) (0.0006) (0.0009)
Observations 77,908 398,587 169,451 307,044
Panel B: science achievement
Share autonomous 0.0019 —0.0022** 0.0007 —0.0027***
(0.0013) (0.0008) (0.0010) (0.0009)
Observations 77,908 398,587 169,451 307,044
Student controls Yes Yes Yes Yes
Country-grade fixed effects Yes Yes Yes Yes
Country-year fixed effects Yes Yes Yes Yes
Grade-year fixed effects Yes Yes Yes Yes

Notes: The table shows estimates of the effect of autonomous schools on student achievement
in math and science, separately by socioeconomic status. In columns 1-2; high (low) SES is

defined as having more than 200 (at most 200) books at home.

In columns 3-4, high (low) SES

is defined as having more than (at most) the country-specific median number of books at home.
Student controls include age and dummies for female and immigrant, all of which are interacted
with country dummies. Regressions use weights that adjust for individual sampling probabilities
and that give equal weight to all country-grade-year cells. Standard errors in parentheses are
clustered at the country-grade level. * p<0.10, ** p<0.05, *** p<0.01.
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B Data Appendix

This appendix provides further description of data sources, variable definitions, and the
construction of our estimation sample.

B.1 Data sources
B.1.1 Share of students in autonomous schools

We obtain data on the share of students enrolled in autonomous schools from the OECD
Education at a Glance (EAG) database, which provides internationally comparable in-
dicators related to education outcomes, investments, and policy contexts. Importantly
for our analysis, one of these indicators reports the enrollment of students across differ-
ent types of educational institutions. In particular, the data include the distribution of
students across three types of institutions: public, government-dependent private, and
independent-private, separately for three levels of education (primary, lower-secondary,
upper-secondary). The relevant category for our analysis are government-dependent pri-
vate institutions, which are defined as educational institutions for which a private organi-
zation has ultimate control, but at least half of the funding is received from the government
(OECD, 2018). In practice, government-dependent private schools in our sample receive
on average almost 90% of their funding from the government.®

For the years 1999-2013, the EAG data are published in the annual EAG reports. The
data are reported with a two year lag, which means that data for the time period 1999-
2013 are published in the EAG reports from the years 2001-2015. The relevant tables are:
Table C1.4. in the EAG reports 2001, 2011, 2012, and 2013; Table C2.4. in 2002, 2003,
2004, 2008; Table D5.1. in 2005; Table C2.9. in 2007; Table C1.5. in 2009, 2010, 2014;
and Table Cl.4a. in 2015. Data for the year 2014 and onward are no longer included
in the EAG reports, but are instead available online (on https://stats.oecd.org/; table
‘Enrolment by gender, programme orientation, mode of study and type of institution’
with code EAG_ENRL_SHARE_CATEGORY).

B.1.2 Student achievement and segregation

To measure achievement and segregation, we use individual-level data from TIMSS.
TIMSS is an international student assessment administrated by the International As-
sociation for the Evaluation of Educational Achievement every four years since 1995.
The study draws nationally representative samples of fourth- and eighth-grade students
through a two-stage clustered sampling design, where schools are selected in the first stage
and classes within these schools are randomly sampled in the second stage. All students
in the selected classes participate in the assessment and provide detailed background in-
formation via questionnaires. Test scores from the assessments in both math and science
are reported as five plausible values. This reflects the fact that TIMSS tests each stu-
dent only on a subset of questions and uses these answers and Item Response Theory to
compute a distribution of test scores for each student. The plausible values are random
draws from this posterior distribution. We use the mean of the five plausible values in

8We obtain this figure from an analysis of the PISA 2018 data. PISA collects information on the type
of school as well as the share of funding that is received from the government. Based on these variables,
we find that government-dependent private schools in the countries in our sample receive on average 86%
of their funding from the government.
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math and science as measures of achievement and use the rich information on the social
composition of the sampled classes to construct indices of segregation at the class level.

B.2 Measuring segregation

The variance ratio index is commonly used by economists to study school or neighborhood
segregation (Graham 2018, Monarrez et al. 2022) and is defined as follows. Let the number
of minority students in class i = 1, ..., N be denoted by m; and the total class size p;. M is
the total number of minority students in the country, and @) the overall share of minority
students in the country. Then the index is calculated by:

Isolation — @)
VR = -0

As evident from the equation, the variance ratio index builds on an index of isolation,
which describes the probability that a randomly selected classmate of a minority student
is from this minority group, too. In a perfectly segregated school system, the isolation
index will be equal to one, meaning that all classmates of a minority student are also
members of this group. In contrast, in absence of segregation, the isolation index equals
the overall share of minority students in the country. The variance ratio index is obtained
by scaling the isolation index by the overall share of minority students in the country.
Ultimately, the index measures the excess isolation of minority students compared to a
perfectly integrated school system relative to the excess isolation of a perfectly segregated
school system. The index is bounded between zero and one, with higher values indicating
higher degrees of segregation. To facilitate interpretation of our results, in our analysis
we scale the index to be between zero and 100.

The dissimilarity index is the most widely used measure of segregation in the sociology
literature (Duncan & Duncan 1955, Massey & Denton 1988) but has also been applied by
economists (Graham 2018, Monarrez et al. 2022). It is defined as follows:

m;  my
with Isolation = Z — (3)
o M

m.

N
1 T
DI == ‘J—i 4
Q;:M R (4)

Here, m; denotes again the number of minority students in class ¢ and M denotes the
total number of minority students in the country. r; and R are the number of students who
belong to the majority group in class ¢ and the country as whole, respectively. Intuitively,
the index measures the proportion of minority students who need to change classes to
ensure an even distribution across classrooms, relative to the share of students that would
need to change when there is perfect segregation (Graham 2018). If there is no segregation,
the relative share of minority and other students will be the same in all classes (which
means 7 = % for all i), so the dissimilarity index will be equal to zero. If, on the
other hand, there exists perfect segregation, minority students are in classes without any
students from the majority group (which means in a given class either m; or r; is equal to
zero), so that the index is equal to one. Like with the variance ratio index, in our analysis
we scale the dissimilarity index to lie between zero and 100.

We compute our segregation measures at the class level for both fourth- and eighth-
grade students. In doing so, we use the appropriate TIMSS sampling weights in order to
ensure that our segregation measures are nationally representative.’

9TIMSS samples representative samples of students, not classes. We follow Schneeweis (2011) and
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B.3 Sample construction

In our empirical analysis, we employ a triple-differences model to estimate the effects of
autonomous schools on achievement and segregation. This identification strategy relies
on within-country, between-grade variation over time. Therefore, we need to restrict our
sample to countries for which we have data on both the primary and lower-secondary
level for at least two time periods. This means that we restrict the sample to countries
that participated in at least two waves of the TIMSS assessment with both fourth- and
eighth grade students, and for which data on the share of students in autonomous schools
is available for the years of their TIMSS participation.
In addition, we restrict the sample as follows:

e We exclude observations from Norway before 2013 because the share of students in
autonomous schools cannot be clearly identified: before 2013, Norway did not sepa-
rately report enrollment shares for independent-private and government-dependent
private institutions but instead had these two types of institutions pooled in one
category.

e We exclude the United States because the National Center for Education Statistics
(NCES), the agency that reports education statistics to the OECD, does not consider
charter schools as government-dependent private schools, but instead includes them
in the category of public institutions. We received this information from the NCES
after requesting information about charter school categorization in summer 2022.

e We exclude New Zealand because autonomous schools were first introduced, but
shortly after disestablished within our study period. When they were disestablished,
schools previously operating as autonomous schools were not closed but instead
reorganized as public schools. This implies that while the share of students in
autonomous schools in our data would be zero for the time period after the abolition,
both the segregation of students and their achievement could still be influenced by
the fact that some schools operated as autonomous schools before, which could bias
our estimates.

Moreover, we apply the following imputations:

e We impute the share of students in autonomous schools to zero if data on au-
tonomous schools in the EAG data set is coded as missing with either one of the
following two flags: a. category does not apply or n. magnitude is negligible or zero;
and if at the same time the share of students enrolled in the two other categories
(public institutions and independent private institutions) sums up to 100 percent.

e We impute the share of students attending autonomous schools in the Russian Fed-
eration in the year 2003 for both primary and lower-secondary institutions. As the
data are available for two preceding years and all subsequent years until 2019, we
take the average of the enrollment share in 2004 and 2002 to impute the data for
the year 2003. Since the share of students in autonomous schools in the Russian
Federation is zero throughout our study period, we impute a share of zero for the
year 2003.

weight a class with the sum of all student weights within this class.
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e The EAG data base does not report statistics separately for countries within the
United Kingdom. However, the reported share of students in autonomous schools
across the United Kingdom mimics closely the share of students enrolled in academies
in England.'® We thus impute the share of students in autonomous schools in Eng-
land as the corresponding share in the United Kingdom.

To obtain our final sample, we merge the TIMSS data with the EAG data on autonomous
schools. We merge TIMSS fourth-grade data with the data on autonomous schools at
the primary level, and TIMSS eighth-grade data with data on autonomous schools at the
lower-secondary level. Our final analysis sample consists of 15 countries over the time
period from 2003 to 2019, which implies that it covers five TIMSS waves. Note that not
every country is participating with both grade levels in each TIMSS wave, which implies
that the number of country-grade-wave cells in our sample is 106 instead of 150 (which
would be the case with 15 countries x 5 waves x 2 grades).

10Gee https://www.gov.uk/government/statistics/schools-pupils-and-their-characteristics-january-
2019.
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