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ABSTRACT

Autonomous Schools, Achievement,
and Segregation®

We study the impact of autonomous schools — publicly funded institutions that operate
more independently than government-run schools — on student achievement and school
segregation, using data from 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. We find that autonomous schools do not raise overall
achievement, and our estimates are precise enough to rule out even modest positive
effects in math and small positive effects in science. However, these aggregate results
mask important heterogeneity, with consistently positive effects for high-socioeconomic-
status students and natives, and negative effects for low-socioeconomic-status students
and immigrants. In line with these results, we also find that autonomous schools increase
segregation by socioeconomic and immigrant status. We conclude that autonomous
schools have not generated the anticipated system-wide benefits.
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1 Introduction

In the past few decades, many countries have introduced new types of publicly funded
schools that can operate more independently than traditional government-run schools.
Examples of such “autonomous 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 productivity, 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. Based on data from 15 countries over 16 years, our results
paint a rather sobering picture. We find no evidence that autonomous schools improve
overall achievement on internationally comparable mathematics and science tests. Our
estimates are precise and robust and, if anything, point towards small negative effects.
However, these aggregate results mask considerable heterogeneity: we find consistently
positive effects for high-socioeconomic status and native students, while low-socioeconomic
status and immigrant students experience negative effects. Furthermore, we show that
autonomous schools exacerbate school segregation by socioeconomic and immigrant sta-
tus. We conclude that the anticipated competition-induced, system-wide benefits of au-
tonomous schools have not materialized at the international level.

To reach this conclusion, we assemble data on the prevalence of autonomous schools
from the OECD’s annual Education 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

LAs we show in Section 2, what sets these schools apart from traditional government-run schools are
very high levels of autonomy in budget and personnel decisions. We therefore refer to these schools as
“autonomous schools” in the remainder of the paper.



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 chal-
lenging because national school systems differ in many unobserved ways. We address
this challenge using a novel triple-differences research design, which exploits between-
grade variation in the share of students attending autonomous schools within a given
country and year. Our approach accounts for all country-year-specific shocks, grade-
year-specific shocks, and time-invariant country-grade differences that could confound
the effects of interest. Crucially, this means that we non-parametrically control for any
system-wide changes in a country’s education policy during our study period. A similar
triple-differences approach has recently been used to estimate the effects of charter schools
on segregation across regions in the United States (Monarrez et al. 2022). Our implemen-
tation extends this methodology to an international setting, yielding causal estimates of
the country-wide impacts of autonomous schools.

The results show that autonomous schools do not affect overall math achievement and
have a small negative effect on overall science achievement. Our estimates rule out even
modest positive effects: the upper bounds of the 95 percent confidence intervals imply
that a 10 percentage point (p.p.) increase in the share of students attending autonomous
schools raises math achievement by only 0.013 standard deviations (SD) and has no effect
on science achievement. These findings are robust to alternative sample restrictions and
hold when exploiting only long-term variation in the prevalence of autonomous schools

in a “long-differences” estimation. This suggests that the introduction and expansion of



autonomous schools has not created the hoped-for “rising tide that lifts all boats.”

In further analyses, we explore heterogeneity in these results by student background.
We find consistently more positive effects for high-SES students and native students in
both subjects. For example, we estimate that a 10 p.p. increase in the share of students
attending autonomous schools raises math achievement by 0.022 SD among high-SES
students, but reduces it by 0.010 SD among low-SES students. An implication of this
heterogeneity is that existing achievement gaps by SES and immigrant status increase.
Specifically, a 10 p.p. increase in the share of students attending autonomous schools
widens the SES achievement gap by five percent and the native-immigrant achievement
gap by 14 percent in math.

Building on the observed heterogeneity in the effects on achievement, we construct
four measures of class-level segregation for high-SES and immigrant students. First, we
calculate the variance ratio index, which captures the relative probability that a randomly
selected classmate of a minority student belongs to the same minority group. Second,
we compute the dissimilarity index, which measures the proportion of minority students
who would need to change classes to achieve equal representation across classes. We
construct these segregation measures separately by country, year, and grade, allowing us
to apply the same triple-differences design used in the analysis of achievement effects. We
find that autonomous schools increase segregation for high-SES and immigrant students.
For example, we estimate that a 10 p.p. increase in the share of students attending
autonomous schools raises segregation for high-SES students, as measured by the variance
ratio index, by 0.14 SD.

Our paper contributes to the growing literature on the effects of autonomous schools
on student achievement. These effects operate through two main channels: first, students
attending autonomous schools may experience benefits, an effect referred to in the lit-
erature as the “direct effect” (Gilraine et al. 2021, Mumma 2022). Second, autonomous
schools may exert competitive pressure on government-run schools, influencing achieve-
ment there; this is known as the “indirect effect.” To accurately assess the overall impact

of autonomous schools, both channels must be considered.



The largest portion of the related literature focuses exclusively on direct effects, with
mixed findings (e.g. Abdulkadiroglu et al. 2011, Angrist et al. 2013, Dobbie & Fryer 2015,
Eyles et al. 2017, Eyles & Machin 2019, Bertoni et al. 2023). A much smaller portion
examines indirect effects, also yielding mixed results (e.g. Winters 2012, Figlio et al.
2021, Mumma 2022).? The variation in settings and outcomes across these studies makes
it difficult to draw firm conclusions about the overall effect of autonomous schools on
achievement, which requires integrating both direct and indirect effects.

A handful of studies address this issue by exploiting regional variation in the preva-
lence of autonomous schools to estimate the “aggregate effect,” which combines direct
and indirect effects without separately identifying them. 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. At
the municipality level, Bohlmark & Lindahl (2015) find that free schools boost aggregate
student achievement in Sweden, whereas Hsieh & Urquiola (2006) report zero to negative
effects of voucher schools in Chile. At the international level, 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. In a related study, West & Woessmann (2010) find that private schools
improve student achievement in an international setting. We contribute to this litera-
ture by providing international evidence on the aggregate effect of autonomous schools,
adapting a novel estimation strategy that controls for unobserved country-by-year shocks.

Our paper also contributes to the much smaller literature on the effects of autonomous
schools on segregation. It is most closely related to Monarrez et al. (2022), who find that
charter schools modestly increase school segregation by race and ethnicity in the United
States. Their conclusions are based on credible estimates from a triple-differences model

that leverages variation in the share of students attending charter schools across locations,

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



grades, and years. This approach inspired our empirical strategy, which exploits similar
variation at the international level. Earlier research by Hsich & Urquiola (2006) shows
that the expansion of voucher schools in Chile during the 1980s increased student sorting,
while Bohlmark et al. (2016) find that free school penetration in Sweden is associated
with segregation by socioeconomic status and immigrant background. In contrast to this
existing literature, our study is the first to examine the causal effect of autonomous schools
on segregation at the international level.

In summary, by estimating both the aggregate effect of autonomous schools on achieve-
ment and their impact on segregation internationally, this study provides the most com-
prehensive assessment to date of the effects of autonomous schools. Additionally, ours is
the first study to implement a triple-differences design to examine education outcomes at
the international level. With grade-specific data on education policies becoming increas-
ingly available, we expect this identification strategy to be applied in future cross-country

studies of determinants of education.

2 Data

2.1 Data on the prevalence of autonomous schools

We collect data on the prevalence of autonomous schools from the OECD’s annual Fdu-
cation at a Glance reports for the years 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, defined as schools that receive at least half of their
funding from the government but are privately managed (OECD 2018). Crucially for our
identification strategy, the share of students attending these schools is reported separately
for primary and lower secondary education.

To further characterize government-dependent private schools, we use school-level data
from the OECD’s Programme for International Student Assessment (PISA), which asks

principals to describe their school’s funding sources and the extent of autonomy in vari-



ous decision-making areas. Following Hanushek et al. (2013), we construct three indices
measuring personnel, budget, and academic-content autonomy, with scores ranging from
zero, indicating no autonomy, to 100, indicating full autonomy.® Figure 1 presents the
means of these indices separately for government-run and government-dependent private
schools. Principals of the latter report substantially greater autonomy across all three di-
mensions: the average budget autonomy score is 93, compared to 45 for government-run
schools. Academic content autonomy is also higher, with an average score of 91 compared
to 81. Finally, personnel autonomy scores average 74 for government-dependent private
schools, compared to 40 for government-run schools. Figure 1 also shows that the share
of government funding is similar for the two types of schools (80 percent and 87 percent).
Taken together, the data confirm that government-dependent private schools are indeed
publicly funded but enjoy significantly greater autonomy than government-run schools,

justifying our labeling of them as autonomous schools.*

2.2 Data on student achievement and segregation

To measure achievement and segregation, we use individual-level data from TIMSS, an in-
ternational student assessment conducted every four years since 1995 by the International
Association for the Evaluation of Educational Achievement. TIMSS employs 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. All students in these selected classes take
standardized math and science tests and provide comprehensive background information
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

3Details on the PISA data and the construction of the autonomy indices can be found in Online
Appendix B.

4Note that while we can use the PISA data to characterize autonomous schools, we cannot use them
for our main empirical analysis. The reason is that PISA samples 15-year-old students, which mostly
attend the same grade. Our empirical strategy crucially depends on observing several grades per country
and year, rendering an analysis with PISA data infeasible.



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 due to our own findings on the differential impact of autonomous
schools on achievement by SES and immigrant status, as well as documented differences
in school choices along these lines 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.® Immigrant status is determined using the student’s
country of birth, as reported in the student questionnaire.

We exploit TIMSS’ sampling of entire classes within schools to measure segregation at
the class level. This is particularly useful in education systems that track students within
schools, as it captures both between-school 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 measures the proportion of minority students
who would need to change classes to achieve equal representation. Both indices account
for the overall student composition in a country, making 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.

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

6Books at home have been widely used as a proxy for SES in previous research, see for example
WoBmann (2003). While parental education would have been an ideal additional measure of SES, this
information is only available for eighth-grade students, and our regressions require a measure that is
available for both fourth- and eighth-grade students. Notably, books at home are still highly correlated
with parental education: among eighth-grade students in TIMSS 2019, 37 percent of those with more
than 100 books at home have college-educated parents, compared to only 19 percent of those with fewer
books.

“Online Appendix B provides additional details on the calculation of the segregation indices.



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

Our identification strategy leverages within-country, between-grade variation in the share
of students attending autonomous schools over time. Consequently, we select all coun-
tries 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. Fifteen countries meet these criteria: Australia, Chile, Finland,
Hungary, Ireland, Italy, Japan, South Korea, Lithuania, Norway, Russia, Slovenia, Swe-
den, Turkey, and the United Kingdom. The sample covers the years 2003 to 2019 and
includes a total of 484,526 students across 106 country-grade-year cells.

Table 1 presents summary statistics for our sample. These statistics are computed
using weights that adjust for individual sampling probabilities and give equal weight
to all country-grade-year cells. In our sample, six percent of students are classified as
immigrants, and 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 the means and standard deviations for the segregation indices,
which are calculated at the country-grade-year level.® The means of these indices are
broadly comparable to similar indices measuring school segregation of minority students
at the metropolitan level in the United States (Monarrez et al. 2022).

Figure 2 illustrates 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
growth, with smaller but notable increases in Australia, Finland, Norway, and Slovenia.
Importantly, these trends differed by grade level: 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 throughout the entire sample period.

8There are only 80, rather than 106, observations for the segregation indices of immigrants because
information on country of birth was not collected for fourth-grade students in TIMSS 2011.



Online Appendix Figures A.1 to A.6 present the corresponding trends in our outcome
variables. For achievement, no clear overall trend emerges across the 15 countries; some
show increasing trends, while others display decreasing trends. Similarly, trends in segre-
gation remain relatively stable over this period for most countries, with a few exceptions.
In the analysis below, we investigate whether these trends can be attributed to changes

in autonomous school enrollment.

3 Empirical strategy

We estimate triple-differences specifications that exploit between-grade variation in the
share of students attending autonomous schools within a given country and year. Intu-
itively, we examine 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 + ﬁaATSCQt + Xz(cgt’ya + 6?9 + )\gt + egt + 5?69757 (1)

where ¢ denotes students, ¢ denotes countries, g denotes grades, and ¢ denotes years.
Ajcqt is achievement in math or science and AT'S., is the share of students enrolled
in autonomous schools. Xj., is a vector containing the student characteristics listed
in Table 1, which we interact with country dummies. ., 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
(unweighted estimates are qualitatively and quantitatively similar). 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 - as + BSATSCgt + 5£g + )‘it + ggt + 6fcgtv (2)

where Sg 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 effects of autonomous schools in Equations 1 and 2 relies on
a comprehensive set of fixed effects. This approach is analogous to that used by Monarrez
et al. (2022) in their analysis of how charter schools affect segregation in the United States
and represents a novel application in an international setting. In what follows, we discuss
the factors accounted for by this approach and the assumptions that remain.

First, and most importantly, by leveraging between-grade variation, we are able to
include country-year fixed effects, A%, which non-parametrically control for all grade-
unspecific changes to a country’s education system over time. This is an improvement
over prior studies on international differences in achievement, which included country and
year fixed effects separately but could not account for country-specific changes that may
be correlated with both the treatment and the outcome (e.g. Brunello & Rocco 2013,
Hanushek et al. 2013, Bergbauer et al. 2024).

Second, our approach addresses the potential concern that grade-specific education
policies could influence both the prevalence of autonomous schools and student achieve-
ment. For instance, school assignment might involve catchment areas at the primary
level but not at the secondary level in some countries. Such differences could affect the
supply of autonomous schools and also influence achievement, for example through peer
effects.” Similarly, student tracking differs among the countries in our sample: some coun-
tries track students after primary education, while others maintain comprehensive schools
throughout lower secondary education. These differences have been shown to affect stu-
dent outcomes (Hanushek & WoBmann 2006) and may also influence the prevalence of

autonomous schools. Our regressions account for country-by-grade-specific institutional

9 Although the peer effects literature (e.g. Carrell et al. 2013, Murphy & Weinhardt 2020) provides
no definitive conclusion on how system-wide effects might operate through re-sorting, we use this as an
illustrative example of how school assignment policies could relate to achievement.

10



features, including school assignment and tracking policies, by including country-by-grade
fixed effects, d;,.

Finally, we account for any shocks that affect the prevalence of autonomous schools
and student achievement in a specific grade and year by including grade-by-year fixed
effects, 07,.

Conditional on the fixed effects mentioned above, the remaining variation occurs at the
country-by-grade-by-year level. Our identification assumption is that there are no changes
at this level that are correlated with both the prevalence of autonomous schools and the
outcome. While it is difficult to think of potential confounders at this level, we conduct
several robustness tests to validate our research design. Specifically, we present results
from “long-difference” regressions, which use only the first and last observations for each
country and therefore identify the effects from long-term trends rather than short-term
(four-year) fluctuations. Additionally, we demonstrate that our results remain robust

when excluding one country at a time, ensuring they are not driven by outliers.

4 Results

4.1 Treatment variation

One potential limitation of our identification strategy is that the many fixed effects may
absorb much of the variation in the prevalence of autonomous schools and student achieve-
ment. This lack of conditional variation could result in imprecise estimates. To investigate
this concern, we examine the residuals from a regression of our treatment variable, the
share of students attending autonomous schools, on the fixed effects. Appendix Figure
A.7 displays the distribution of residuals, revealing that changes in the prevalence of au-
tonomous schools greater than 10 percentage points are still observed. As we will see
below, this amount of conditional treatment variation is sufficient to estimate the effects

of autonomous schools with meaningful statistical precision.
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4.2 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 report results from regressions that omit student
controls, revealing very small point estimates: a 10 percentage point (p.p.) increase in the
share of students attending autonomous schools is estimated to raise math achievement
by 0.007 standard deviations (SD) and decrease science achievement by 0.009 SD. Neither
estimate is statistically significant at conventional levels. Columns 2 and 4 add student
controls to these regressions, resulting in slightly more negative coefficients: a 10 p.p.
increase in the share of students attending autonomous schools is now estimated to reduce
math achievement by an insignificant 0.003 SD and decrease science achievement by 0.020
SD, which is statistically significant at the five percent level. Notably, these estimates rule
out even modest positive effects: the upper bounds of the 95 percent confidence intervals
suggest that a 10 p.p. increase in the share of students attending autonomous schools
raises math achievement by only 0.013 SD and has no effect on science achievement.
Overall, the key takeaway from these results is that the aggregate effect of autonomous
schools on achievement appears to be very small and, if anything, negative, suggesting
that autonomous schools have not created the anticipated "rising tide that lifts all boats.”

One concern with the triple-differences design is that temporary and unobserved shocks
at the country-by-grade-by-year level could affect our estimates. To ensure that our re-
sults are not driven by short-term fluctuations but instead reflect long-term developments
within education systems, we estimate “long-differences” regressions as a robustness check
(Online Appendix Table A.1). These regressions restrict the sample to only the first and
last year in which each country is observed in the data.'” Compared to our main results,
the estimates from these regressions are even more negative, strengthening our conclusion
that autonomous schools do not improve overall student achievement.

We also test the robustness of our findings with respect to sample selection choices. In

Online Appendix Table A.2, we first exclude the six countries that never had autonomous

10 Alternative specifications further restrict the sample to countries where the time span between the
first and last observation is at least 12 years, see Online Appendix Table A.1.
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schools from our sample. As expected, this leaves the estimates largely unchanged. We
then proceed to exclude each of the remaining nine countries from the sample, one by
one. This again does not alter the estimates significantly, with one exception: when we
exclude England, the coefficients become more positive and much larger, but also much
less precisely estimated. This is not entirely surprising. As Figure 2 shows, England
contributes substantially to the between-grade variation in the share of students attending
autonomous schools over time, which the triple-differences specification uses to estimate
the effects. Moreover, the fact that the estimates become more positive when England is
excluded is consistent with Eyles et al. (2017), who find that attending a primary school
academy has a small negative effect on test scores in this country. We therefore conclude
that the main findings remain robust.

How do these estimates compare to those in the existing literature? Chen & Harris
(2023) use nationwide data from the United States and find that a 10 percentage point
(p.p.) increase in charter market share raises English Language Arts achievement by 0.01
standard deviations (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 voucher school enrollment, if
anything, has a small negative effect on aggregate math achievement. Similarly, Bohlmark
& Lindahl (2015) find that a 10 p.p. increase in the share of students attending free schools
in Sweden is associated with a 1.7 percentile rank higher math and English achievement. In
sum, the previous literature has found small effects of autonomous schools on achievement,
ranging from negative to positive. Our results are fully consistent with these findings and

provide a more general assessment using data from 15 countries.

4.3 Effect on achievement: heterogeneity

In Table 3, we examine whether the effect of autonomous schools on achievement varies
by student background. Columns 1 and 2 split the sample by SES. A 10 p.p. increase in

the share of autonomous schools is estimated to raise high-SES students’ math achieve-
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ment by a statistically significant 0.022 SD, with a smaller and insignificant 0.008 SD
increase in science. In contrast, the effect for low-SES students is negative in both sub-
jects, 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 across 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, as well as between native and
immigrant students. In three out of four cases, these changes are both economically
meaningful and statistically significant. For example, a 10 p.p. increase in the share
of students attending autonomous schools increases the math achievement gap 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.

We also test the sensitivity of our results to the definition of the SES variable, given
that our classification of high SES as having more than 100 books at home is somewhat
arbitrary. We explore heterogeneity using two alternative definitions of high SES: having
more than 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 alternative
definitions, with SES-related heterogeneity often becoming even more pronounced in these

regressions.

4.4 Effects on segregation

Table 4 presents 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 (approximately 0.14 SD) and the dissimilarity index by 0.89 (approximately
0.15 SD). Column 3 shows a similarly positive effect on segregation by immigrant status,
with a coefficient of 0.043 (approximately 0.12 SD for a 10 p.p. increase) for the variance

ratio index. In contrast, the estimated effect on the dissimilarity index in column 4 is
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close to zero and insignificant. Overall, these results indicate 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 exclude all countries that never had autonomous schools during our sample
period, and then exclude the remaining countries from the sample one by one. Overall, the
results hold. When excluding England, the variance radio index for immigrant students
shows a larger positive effect but with lower precision. In contrast, excluding Hungary
results in larger and statistically significant estimates for the variance ratio index and the
dissimilarity index for high-SES students. Across all specifications, all estimates remain
positive, confirming our main findings.

These results align well with the small existing literature on 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 main finding is that a 10 p.p. increase in the share of students attending char-
ter schools leads to about a 0.9 point increase in the variance ratio index for minority
students. This corresponds to approximately 0.07 SD, which is slightly more than half
the size of our estimates in SD terms. Notably, both Monarrez et al. (2022) and our
study leverage variation across grades and regions in a triple-differences framework. 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
contribute to this small body of literature by estimating the effects of autonomous schools

on segregation at an international level.

5 Conclusion

We examine the impact of autonomous schools — publicly funded institutions that operate
more independently than government-run schools — on student achievement and school
segregation across 15 countries over 16 years. Our analysis uses individual-level data on
math and science achievement from TIMSS 2003 to 2019, merged with OECD data on

the share of students attending autonomous schools by country, year, and grade. Addi-
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tionally, we compute four measures of segregation by SES and immigrant status at the
country-year-grade level, using detailed information on students’ backgrounds and class
composition.

To identify the causal effects of autonomous schools, we estimate triple-differences
specifications, which exploit variation in the share of students attending autonomous
schools between grades within a given country and year. Crucially, this strategy allows us
to non-parametrically control for any system-wide changes in a country’s education policy
during our study period. This identification approach represents a significant improvement
over previous studies on international differences in student achievement, which included
country and year fixed effects separately but could not account for country-specific changes
that may be correlated with both the treatment and the outcome.

Our findings show little evidence that autonomous schools improve overall student
achievement. The estimates are precise enough to rule out even modest positive effects
and, if anything, suggest negative effects in science. However, this null result masks im-
portant heterogeneity: high-SES students consistently benefit from autonomous schools,
while low-SES and immigrant students experience negative effects. Rather than creating
“a rising tide that lifts all boats,” autonomous schools appear to widen existing achieve-
ment gaps by SES and immigrant status.

Consistent with these findings, we also observe that autonomous schools increase seg-
regation by SES and immigrant status, as measured by both the variance ratio index
and the dissimilarity index. This suggests that autonomous schools contribute to greater
separation along socioeconomic and immigrant lines. Overall, our results indicate that,
while autonomous schools do not improve overall achievement, they exacerbate existing

inequalities in both academic outcomes and school composition.
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Figures and Tables

Figure 1: Comparing government-run and autonomous schools in PISA 2015
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Notes: The figure shows means of autonomy indices and the share of government funding,
separately for autonomous and government-run schools. The three indices measuring personnel,
budget, and academic-content autonomy are constructed following Hanushek et al. (2013). We
classify schools as autonomous schools if principals report the school to be privately managed
but receiving at least 50 percent of funding from the government, following the definition by the
OECD (2018). Details on the PISA data and the construction of the indices can be found in
Online Appendix B.



Figure 2: 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. (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 -0.0020**
(0.0008) (0.0008) (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<0.10, **
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 Figure A.7: Residual Variation in share autonomous after taking out
fixed effects

3

-10 -5 5 10

Notes: This figure shows the distribution of residuals from a regression of the share of students

attending autonomous schools on country-by-year, country-by-grade, and grade-by-year fixed
effects in our estimation sample.
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Online Appendix Table A.1: Effect of autonomous schools on student achievement, long-
differences estimates

Math Science
(1) (2) (3) (4)
Share autonomous —0.0000 —0.0015 —-0.0040*** —0.0061***
(0.0011) (0.0011) (0.0013) (0.0011)
Observations 269,624 122,802 269,624 122,802
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. In columns 1 and 3, the sample is restricted to the first and last available
TIMSS wave for each country. In columns 2 and 4, the sample is further restricted to those
countries for which the time between the first and last available TIMSS wave is at least 12 years.
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 on student achievement, het-
erogeneity using alternative definitions of SES

Highest category Above country median
High Low High Low
(1) (2) (3) (4)
Panel A: math achievement
Share autonomous 0.0048*** —0.0008 0.0023*** —-0.0011
(0.0009) (0.0008) (0.0006) (0.0009)
Observations 77,908 398,587 169,451 307,044
Change in gap 0.0055"** 0.0034**
(0.0008) (0.0007)
Panel B: science achievement
Share autonomous 0.0022 —0.0023** 0.0009 —0.0027***
(0.0014) (0.0009) (0.0010) (0.0009)
Observations 77,908 398,587 169,451 307,044
Change in gap 0.0044** 0.0035***
(0.0008) (0.0005)
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.
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 0.56
(0.61) in math (science) when using the highest category classification, and 0.45 (0.53) in math
(science) when using the above country median classification. Student controls include age and
dummies for female and immigrant, all of which are interacted with country dummies. Regres-
sions 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 further describes our 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).

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.2 PISA data

We use school-level data from the 2015 wave of the OECD’s Programme for Interna-
tional Student Assessment (PISA) to characterize government-dependent private schools.
We follow the OECD (2018) and classify schools as government-dependent private if
the school is a private school (variable SC013Q01TA) and receives at least 50 percent
of its funding from the government (variable SC016Q01TA). We construct three au-
tonomy indices following Hanushek et al. (2013): personnel autonomy, budget auton-
omy, and academic-content autonomy. The three indices are based on six domains that
capture different areas of decision-making authority in the school: 1. Selecting teach-
ers for hire (variables SCO10Q01TA - SC010Q01TE), 2. Establishing teachers’ starting
salary (variables SCO10Q03TA - SC010Q03TE), 3. Formulating the school budget (vari-
ables SC010Q05TA - SC010Q05TE), 4. Deciding which courses are offered (variables
SC010Q12TA - SC010Q12TE), 5. Determining course content (variables SCO10Q11TA -
SCO010Q11TE), 6. Choosing which textbooks are used (variables SCO10Q10TA - SC010Q10TE).
For each domain, the principal reports whether decisions are made by the principal,
teachers, the school governing board, the regional or local education authority, or the
national education authority. Principals could tick as many options as appropriate. We
classify schools as having autonomy in the given domain if within-school authorities (prin-
cipal, teachers, school governing board) hold the sole responsibility for this domain. If any
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outside education authority (the regional or local education authority or the national ed-
ucation authority) shares responsibility, the school is not considered as having autonomy
in this domain. We then aggregate the domain autonomy to construct the three indices:
we use domains 1. and 2. for the personnel autonomy index, domain 3. for the budget
autonomy index, and domain 4.-6. for the academic-content autonomy index.

B.2.1 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
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.3 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:

VR — Isolation — @)

m; m;
with Isolation = - !

[ 3
1-@ —~pi M ®)

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:
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Here, m; denote again the number of minority students in class ¢ and M 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 G+ = % 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.!'!

B.4 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

HTIMSS samples representative samples of students, not classes. We follow Schneeweis (2011) and
weight a class with the sum of all student weights within this class.
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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.

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 au-
tonomous 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).

12See https:/ /www.gov.uk/government /statistics /schools-pupils-and-their-characteristics-january2019.
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