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This paper analyses the effects of independent-school competition on Sweden’s
performance in TIMSS, an international low-stakes test in mathematics and science
among students in year 8. Exploiting variation in independent-school enrolment shares
across counties over time, it finds that increasing competition has improved TIMSS
scores, an impact that appears only after 2003 and is driven by for-profit schools. The
results suggest that competition both slowed down Sweden’s performance decline
between 1995 and 2011 as well as contributed to its improving scores between 2011
and 2019. A simulation based on the estimates indicates that Sweden’s average score in
TIMSS 2019 would have been 20 points, or 0.24 standard deviations, lower without the
expansion of the independent-school sector.
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1. Introduction

In the on-going debate regarding the effects of independent-school competition on
student achievement, Sweden’s 1992 voucher reform is an important case study. The
reform allowed independent operators - both non-profit and for-profit — to set up new
schools, thus injecting competition in the education system. As a result of the reform,
the share of students attending independent schools increased considerably. In 1992,
about 1 percent of all students in primary- and lower-secondary school attended
independent schools, a figure that increased to 15 percent in 2019 (NAE 2021).
Moreover, the great majority of the increase in independent-school enrolment shares
can be attributed to the expansion of the for-profit sector, making Sweden rather
unique in a comparative perspective (OECD 2019).

The effects of the voucher reform have been fiercely debated ever since it was
implemented, but especially since Sweden’s scores in international tests, such as PISA
and TIMSS, began to fall in the late 1990s and early 2000s. As international test scores
declined, and independent-school enrolment shares increased, the latter became a key
explanation for the former in the international public debate (e.g. Fisman 2014). Indeed,
the OECD (2019, p. 75) advised the Swedish government that ‘school choice and
competition likely weakened school performance over time’. This hypothesis continues
to attract attention, even though Sweden’s international test scores have improved
considerably since around 2010, especially when adjusting for the mechanical effects of
changing demographics due to immigration (Heller-Sahlgren 2022).

While research finds positive effects of Swedish independent-school competition on
domestic performance outcomes (e.g. Bohlmark and Lindahl 2015), questions often
arise whether these effects reflect bona-fide changes in achievement or merely grade
inflation (e.g. Wennstrom 2020). This is because all marking and grading in the Swedish
context are performed internally by teachers in a non-moderated criterion-referenced
system, thus also making it questionable whether the effects of competition would be
replicated in externally-marked international tests. Of course, effects in this respect may
also differ more generally, since such tests partly reflect other types of knowledge and
skills compared with domestic performance measures.

This paper analyses how independent-school competition has affected Sweden'’s
performance in TIMSS, an international low-stakes test in mathematics and science

among students in year 8. This is possible because I have obtained information on the
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geographical location of the participating schools in all survey rounds in which Sweden
has participated - 1995, 2003, 2007, 2011, 2015, and 2019 - enabling me to link the
schools to variables that vary between regions over time. To analyse the effects of
competition, the paper investigates whether within-county changes in the average
share of students attending independent schools predict within-county changes in
TIMSS scores, once adjusting for measures of student background and other relevant
variables. In this way, it is possible to study whether performance trends differ across
counties depending on the evolution of independent-school competition over time.

The results display that increasing independent-school competition has had positive
effects on student performance in TIMSS: a 10 percentage-point increase in the average
independent-school enrolment share at the county level improves TIMSS scores by
about 20-25 points, equivalent to roughly 0.24-0.30 standard deviations. These effects
can only be detected from 2007 onwards, which is reasonable given that it took time for
the independent sector to expand more than marginally. The findings also show that
competition both decreased Sweden’s performance decline between 1995 and 2011
and contributed to its improvements between 2011 and 2019. The effects are primarily
driven by the expansion of for-profit schools, which is plausible given that they explain
the great majority of the independent sector’s growth overall. Also, independent-school
competition raises the probability that students reach the intermediate, high, and
advanced international performance benchmarks. The point estimate is also positive
when analysing the probability that students reach the low (basic) benchmark, but it
does not reach statistical significance.

Interestingly, the findings are essentially identical when adjusting for the direct
association between independent-school attendance and TIMSS performance, and when
excluding all participating students in independent schools, suggesting that municipal
and independent schools benefit similarly from competition. Using the estimates to
simulate Sweden’s counterfactual performance trend without increasing competition
suggests that its average scores in TIMSS 2019 would have been 20 points, or 0.24
standard deviations, lower without the expansion of the independent-school sector.

The effects of competition withstand several sensitivity checks and are supported by
a placebo test in treatment: changes in the share of the variation in independent pre-
school enrolment shares that cannot be predicted by independent-school enrolment

shares are unrelated to changes in TIMSS scores. This is expected if the findings are



driven by school competition, rather than other time-varying differences between
counties that correlate with changes in preferences for private providers more
generally.

Overall, the paper thus supports prior research in finding positive effects of
independent-school competition on lower-secondary student performance in Sweden.
Importantly, little suggests that estimates in prior research are biased upwards due to
unreliable domestic performance metrics. On the contrary, the effects found in this
paper are larger than the impact found in research analysing domestic outcomes. A
comparison suggests this is primarily because I analyse low-stakes international test
scores, which both neutralise all factors behind different marking and grading
standards and partly reflect different types of knowledge and skills compared with
domestic outcomes, and to some extent also because I estimate effects at the county
level rather than the municipal level.

The paper proceeds as follows. Section 2 discusses the background and prior
research on the Swedish voucher reform; Section 3 describes the data and
methodology; Section 4 presents the results and compares them with findings in prior
research; Section 5 uses the empirical estimates to simulate Sweden’s counterfactual

performance trend without increasing competition; and Section 6 concludes.

2. Background and prior research

The effects of independent-school competition on international test scores should
theoretically depend on parental demand for the knowledge and skills captured by such
scores. If parents perceive the marginal utility of the knowledge and skills to be high, we
may expect independent schools to invest in quality and compete along those lines, thus
providing an impetus for overall improvements (e.g. Hoxby 2003). On the other hand,
since quality at a general level is difficult to observe, and parents may not value it
sufficiently, independent schools may have few incentives to compete on this basis (see
MacLeod and Urquiola 2012, 2019). It is thus not straightforward to predict the effects
of independent-school competition on international test scores.

The Swedish 1992 voucher reform is an interesting case study for evaluating such
effects. Since the reform, independent providers - both for-profit and non-profit - are
allowed to own and operate schools as well as receive funding from the municipality in

which students reside, calculated from the per-student expenditure in the



municipalities’ own schools.! This also means that there are economic consequences for
the latter, since their budgets decrease when students opt for independent schools. At
the same time, since 1997, independent schools are not allowed to charge any top-up
fees, meaning that they are entirely dependent on public funding. At the primary and
lower-secondary level, which are the focus of this paper, such schools are also not
allowed to select students based on ability, although they are allowed to admit students
on a first-come, first-served basis (Holmlund et al. 2014).

As a result of the voucher reform, the enrolment shares of students attending
primary- and lower-secondary independent schools increased from about 1 percent in
1992 to 15 percent in 2019 (NAE 2021). While most of the initial (small) wave of
independent schools were set up by non-profit organisations, this changed considerably
after just a few years. In fact, the great majority of the increase in independent-school
enrolment shares can be explained by the growth of for-profit schools (Holmlund m.fl.
2019). Consequently, increasing independent-school competition following the voucher
reform has been primarily driven by for-profit actors, an important difference
compared with other similar reforms (OECD 2019).

At the same time as independent-school competition increased, Sweden initially saw
a considerable decline in international test scores. As displayed in Figures 1 and 2,
performance in mathematics and science in TIMSS plummeted between 1995 and 2011.
However, since then, student performance has increased, a change that is primarily
driven by students with (mostly) a Swedish background. In both subjects, although still
lower than in 1995, performance among these students was higher in 2019 than it was
in 2003 by a statistically significant margin. In this group, fully 50-60% of the
performance decline between 1995 and 2011 had been erased by 2019. This also means
that a substantial part of the remaining difference between Sweden’s average scores in
2019 and 1995 - 27 percent in mathematics and 50 percent in science - can be

attributed to the mechanical effects of changing demographics due to immigration.?

1 The exact funding formula varies across municipalities and has also changed over time. In 1992, the
voucher covered a minimum of 85 percent of the average per-student municipal expenditure. It was
decreased to 75 percent in 1995, and then increased to 100 percent in 1997 (Holmlund et al. 2014).
However, when calculating the voucher after 1997, municipalities were still able to deduct a share of the
average per-student expenditure, intended to be equivalent to the costs associated with having the legal
responsibility for compulsory education. Since 2010, municipalities are no longer allowed to make such
deductions (Proposition 2008/09:171).

2 This trend is replicated between 2000 and 2018 in PISA, another international test that is carried out at
the end of lower-secondary school in Sweden. Indeed, there was a considerable performance decline



Figure 1. Sweden's mathematics scores in TIMSS
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Figure 2. Sweden's science scores in TIMSS
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between 2000 and 2012, but scores improved between 2012 and 2018. Again, this improvement was
primarily driven by students with at least one parent born in Sweden, among whom the entire fall
between 2000 and 2012 was erased in PISA 2018 (Heller-Sahlgren 2022).



While the performance decline coincides with increasing independent-school
competition, the same is true for the performance improvement after 2011. Yet the
extent to which Sweden’s performance changes are driven by independent-school
competition has not been analysed sufficiently. Prior research finds positive effects of
such competition on domestic achievement measures in lower-secondary school (Ahlin
2003; Bjorklund et al. 2005; Bohlmark and Lindahl 2015; Sandstrom and Bergstrom
2005). In the most recent study, Bohlmark and Lindahl (2015) finds that increasing
independent-school competition at the municipal level raises grades and national
proficiency test scores in mathematics and English among students in year 9 by about
0.04-0.05 standard deviations between 1992 and 2009.

Still, questions are often raised about these findings, due to Sweden’s decentralised
grading and marking practices. Both marking of national proficiency tests and grading
are today performed by teachers in a non-moderated criterion-referenced system,
which decreases the reliability of performance metrics and gives rise to perverse
incentives to compete by lenient marking and grading rather than by raising quality
(e.g. Wennstrom 2020). Thus, we may not expect effects of competition to be as large
when analysing international tests, which are externally marked and do not carry any
incentives of manipulation due to their low-stakes nature.

Yet whether this assumption holds true depends on the marginal impact of
independent-school competition, relative to other factors, on marking and grading
leniency, as well as the extent to which domestic performance measures reflect
knowledge and skills assessed in international tests. In fact, although difficult to study,
research suggests that independent-school competition has had, at most, a marginal
impact on (considerable) differences in grading standards in lower-secondary schools,
with some estimates even suggesting a restraining effect (B6hlmark and Lindahl 2015;
Holmlund et al. 2014; Vlachos 2010).3 Instead, the key explanation for differences in
standards appears to be the non-moderated marking and grading system itself, which
leads teachers to assess student performance relatively within each school, thus

generating more restrictive/lenient standards in schools with higher/lower-performing

3 Bohlmark and Lindahl (2015) find negative point estimates when analysing the impact of competition
on the performance difference between subjects in which students sit national proficiency tests and those
where they do not, with the idea being that it is easier to manipulate grades without any standardised
assessments. The estimate is statistically significant at the 10% level when excluding background
controls but becomes more imprecise when including such controls.



students (NAE 2019, 2020). If independent-school competition improves students’
knowledge and skills, we should thus also expect an endogenous response in the form of
more restrictive marking and grading practices, which may in turn counteract stronger
inflationary incentives in competitive regions.* Since studies that analyse the effects of
competition on differential standards over time all compare different forms of teacher-
assessed outcomes, this impact (as that of competition itself) may well be
underestimated in existing research. Overall, it is thus not clear that the impact of
independent-school competition should be attenuated when, by studying international
test scores, all factors behind differential standards are neutralised. In fact, the opposite
could be the case.

More generally, Swedish domestic performance measures are different from
international tests, which may also affect the impact of competition.> For example,
grades and national proficiency test scores also aim to capture other types of (less
traditional) knowledge and skills apart from those tested in the TIMSS surveys (see
Frandberg and Hagman 2017; Sollerman and Pettersson 2016). Additionally, the low-
stakes nature of international assessments means that they better capture certain types
of non-cognitive skills, such as internal motivation and persistence, which make
students exert effort on a test that does not matter for their futures (see Gneezy et al.
2019; Zamarro et al. 2019).6 If independent-school competition affects knowledge and
skills that are better captured by low-stakes international tests, we may thus expect its
effects to be different than when studying grades and national proficiency test scores.

Interestingly, in a robustness test, Bohlmark and Lindahl (2015) find point estimates
that are about three-to-five times as large when studying data from TIMSS 1995 and
2007, compared to when studying grades and national proficiency test scores in
equivalent models. This suggests that their findings in the latter respect are not biased

due to lenient marking and grading - and that effects on low-stakes international test

4 This may help explain why cross-sectional analyses have found that municipal schools in municipalities
with more independent-school competition appear to be more restrictive in their marking of national
proficiency tests than municipal schools in municipalities with less competition. In fact, the point
estimates are negative when studying differential standards in both municipal and independent schools,
although very imprecise (Tyrefors Hinnerich and Vlachos 2013). Yet this relationship could also be
explained by other factors, such as time-invariant unobserved heterogeneity across municipalities.
5Indeed, while there is a relationship between students’ TIMSS performance and grades/national
proficiency test scores, it is far from perfect: grades and national proficiency test scores explain 39-59
percent of the variation in TIMSS 2015 scores (NAE 2017).

6 Of course, high-stakes performance metrics often capture non-cognitive skills as well (e.g. Borghans et
al. 2016), but they clearly do not measure skills that make students exert effort despite the fact that their
performance has no consequences whatsoever.



scores are larger.” However, in this analysis, they exploit between-regional variation in
independent-school competition in each survey, rather than the within-regional
variation over time only. This differs compared with their analyses of grades and
national proficiency test scores, and increases the likelihood of omitted-variable bias. It
also means that the analysis technically does not just study the effects of competition on
changes in TIMSS performance over time, but also the association between levels of
competition and scores in each survey round.

Nevertheless, based on prior research, and Sweden’s current performance trend, it is
clearly reasonable to predict positive effects of independent-school competition in
TIMSS. It is also reasonable to expect the effects of competition to be at least as large as
in research analysing domestic performance metrics. This paper aims to provide a
comprehensive evaluation of how competition has affected Sweden’s TIMSS scores
between 1995 and 2019, both during the period of declining scores and the period of

improving performance.

3. Data and methodology

To study the effects of independent-school competition in TIMSS among students in
year 8, | obtain Swedish student-level data from the International Association for the
Evaluation of Educational Achievement (IEA 2022) and link these to regional-level
variables obtained from the National Agency for Education (NAE 2021) and Statistics
Sweden (2021). The TIMSS surveys have been conducted every four years since 1995,
and Sweden has participated with students in year 8 in six of these surveys: 1995, 2003,
2007, 2011, 2015, and 2019. In each round, a nationally representative sample of the
student population in year 8 is selected through a stratified two-stage cluster sample
design with schools as the first-stage sampling unit, and one or two intact classes within
these schools as the secondary sampling unit (see Martin et al. 2019). In total, 25,079
Swedish students have participated in the surveys between 1995 and 2019. In addition
to sitting the tests, students also complete questionnaires that provide details about

their background characteristics, which I use to obtain student- and county-level

7 They find that a 10 percentage-point increase in the independent-school enrolment share raises grades
and test scores by 0.03-0.04 standard deviations, when weighting the municipality-level regressions by
the number of students in each municipality. The average impact is 0.10-0.17 standard deviations in
analyses of TIMSS scores from 1995 and 2007 in equivalent student-level regressions, depending on
whether (and which) controls are included.



control variables. Descriptive statistics of all variables discussed in this section are

outlined in Table A1.

3.1.Student outcomes

The main outcome variable analysed is the average TIMSS score in mathematics and
science, although I also display results for both subjects separately. In addition, I study
the probability that students reach different international benchmarks: low (at least
400 points), intermediate (at least 475 points), high (at least 550 points), and advanced
(at least 625 points). In the main analyses, I study the probability that students reach
the different benchmarks in both mathematics and science, but I also display results

when studying the subjects separately.

3.2.Independent-school competition

As principal measure of independent-school competition, I use the unweighted average
of the municipal share of students in years 1-9 who attend independent schools in each
county, which I link to the schools that have participated in TIMSS. This measure is
calculated based on students’ municipality of residence, which is responsible for
funding and providing education.8 Each municipality, of which there are 290 today,
belongs to a county and there are 21 counties in total. In other words, the competition
measure is constructed as the average of the municipal independent-school enrolment
shares at the county level. The idea is to capture the average level of independent-
school competition that affects students in each county.®

Another option is to use the independent-school enrolment shares at the county level
overall to study the effects of competition. Unlike the main measure, this variable is
effectively weighted by the student population in each municipality. However, this also
means that it tends to be dominated by larger municipalities, which likely makes it

worse for capturing the average level of competition to which students in the different

8 An alternative is to calculate the corresponding independent-school competition measure based on the
municipality in which schools are located (NAE 2021). This variable can only be calculated from 1998
onwards. However, as reported in Table A7 in the Appendix, results are almost identical when calculating
the county-level competition measure using data at the school municipality level and imputing 1995
values with the values from 1998.

9 There is no geographical information to link two schools participating in TIMSS 2011, with 24 students
in total, to the correct municipality. These are thus excluded from the analysis. In unreported analyses, I
allocated these two schools and their students to all different counties, one by one, and re-ran the main
regressions to ensure that this did not affect the results. The results were almost identical, which is
expected given that the issue only applies to two schools with 24 students in one of the test rounds.



municipalities in each county are subjected. Regardless, in robustness tests, I also use
the weighted measure to ensure that the results are not dependent on the preferred
measure of competition.

Studying the impact of independent-school competition at the county level differs
somewhat from prior research, which principally analyses effects at the municipality
level, although it also conducts robustness tests at the county level (Béhlmark and
Lindahl 2015).10 An important reason why I choose to study the issue at the county
level is that this paper, unlike prior research, analyses a sample of 4,000-5,000 students
per test round (except for TIMSS 1995 when about 2,000 students participated).!! Only
between 87 and 100 municipalities are represented in each test round, and only 156
municipalities have had students participating in at least two test rounds, while the
number of participating students in each municipality in any given round is also small.12
This makes it less meaningful to study how changes in independent-school competition
and changes in test scores over time are related at the municipal level. This is especially
true given that | want to analyse how the effect has varied over time.

On the other hand, students from all counties have participated in all test rounds,
with the exception for Gotland, which had no participating students in TIMSS 2015. The
number of students at the county level is also much larger than at the municipal level.13
Despite the fact that TIMSS is designed to be representative at the national rather than
county level, this means that it is more likely that results are externally valid when
studying the effects at the county level compared with the municipal level. But even if
external validity is low, it does not affect the internal validity of the findings - the effects

of independent-school competition among students who participated in the TIMSS

10 Bohlmark and Lindahl (2015) use the independent-school enrolment shares in each county overall in
this analysis. They find slightly larger point estimates than when they analyse effects at the municipal
level, but these estimates are also less precise when they include controls. This may very well be because
the measure, as argued above, does not capture average competition levels in each county as well as the
unweighted municipal average at the county level.

11 The exception is B6hlmark and Lindahl’s (2015) robustness test when analysing data from TIMSS 1995
and 2007. But precisely because the statistical imprecision is high due to the sample size, they exploit the
between-regional variation in independent-school competition in each survey, in addition to the within-
regional variation over time.

12 The number of participating students in each municipality varies between 4 and 560, with a median of
between 18 and 44 depending on the test round. The sample size in TIMSS 1995 was about half as large
as in the other test rounds, and if I exclude this round from the calculations the median was between 25
and 44 students.

13 The number of participating students by county and test round varies between 14 and 1,135. The
median varies between 69 and 158 depending on the test round. The sample size in TIMSS 1995 was
about half as large as in the other test rounds, and if I exclude this test round from the calculations the
median was between 108 and 158 students.
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surveys - which is what matters for understanding how increasing independent-school
competition has affected Sweden’s performance in TIMSS over time.

Furthermore, there are other advantages of analysing the effects of competition at
the county level. For example, doing so means that one can take into account spill-over
effects between municipalities. This may be important since independent schools are
not constrained by any geographical boundaries when recruiting students, and they are
thus likely to compete with schools in different municipalities. Also, research finds
positive effects of larger independent-school enrolment shares on teacher wages (at the
upper-secondary school level), which may have altered the teacher composition across
municipality borders (see Bohlmark and Lindahl 2015; Hensvik 2012). While
endogenous teacher mobility does not affect the validity of estimates, it does affect the
interpretation of any effects as they may be due to teacher sorting rather than
productivity gains. Such issues are better accounted for when analysing the effects of
independent-school competition at the county level.

It is also important to analyse the effects of competition from for-profit and non-
profit operators separately. In this respect, I only have access to data for students in
years 6-9 from 2011 onwards (Statistics Sweden 2021). However, since the average
independent-school enrolment shares in 1995 were small across the country - varying
between 0 and approximately 3 percent depending on county - I predict the enrolment
shares of for-profit and non-profit independent schools among students in years 6-9 in
1995 from the relationship between these variables and the overall independent-school
enrolment shares in the years 2011, 2015, and 2019.14 Classifying schools, I use the
same definitions of for-profit and non-profit operators as Holmlund et al. (2019):
limited companies and general partnerships are defined as for-profit operators, while
foundations, non-profit associations, and economic associations are defined as non-

profit operators.15

14 To study whether this approach is reasonable, I also analysed the impact of the overall independent-
school enrolment shares among students in years 6-9, using the same method to predict the enrolment
shares in 1995. As displayed in Table A7 in the Appendix, the results are very similar compared to those
in models using the main measure of independent-school competition. The results are also very similar if
[ instead assume that the enrolment shares of both for-profit and non-profit independent schools were 0
percent in 1995.

15 In practice, there are few schools run by general partnership, having extremely small total enrolment
shares in the relevant years. Also, a total of 77 students in five municipalities attended schools run by sole
traders in 2015 only. To keep the definitions the same as in Holmlund et al. (2019), these students are
classified as attending a non-profit school, but results are unsurprisingly identical if I instead classify
them as attending a for-profit school or exclude them from the construction of the separate measures.
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3.3. Control variables

The paper adjusts for several relevant control variables at the student level, which may
be related both to TIMSS scores and independent-school competition. These variables
are obtained from the student survey that is conducted in conjunction with each test
round.1é First, the number of books at home is included, since this variable has been
shown to capture students’ socioeconomic background well in Swedish TIMSS data
(Wiberg and Rolfsman 2023).17 Furthermore, I include indicators for whether students
have a computer and a desk at home respectively, which are the only indicators for
home resources that are available in all TIMSS rounds. Also, I adjust for students’
immigrant background - captured by separate indicators for whether students and
their parents were born in Sweden, age at arrival in Sweden, and how often students
speak Swedish at home - gender, and age. Since the student-level controls are
constructed from survey data, I allow their effects to vary in each round to account for
changes in how answers reflect student background over time.

Apart from the student-level controls, in the full model I also include the county
average of the number of books at home among participating students, and the county
share of participating students with some foreign background, the effects of which are
also allowed to vary in each survey round for the reason noted above.18 In addition,
from administrative data, I separately add the (log) number of students at the county
level to account for scale economies (Statistics Sweden 2021).1° The latter indicator is
available among students in year 9 in all test rounds, which is the best available proxy

for the number of students in year 8.20

16 Generally, non-response rates are low for the questions used to construct the control variables, but to
ensure that I study the entire Swedish sample, any missing values are assigned to their own category and
dummies for these categories are included. Similar techniques to deal with missing values on student-
background characteristics are used widely in other similar research (e.g. Falck and Woessmann 2013).
17The questions regarding parental educational background suffer from considerable attrition in the
TIMSS surveys (Wiberg and Rolfsman 2023) and are thus not included. However, results are very similar
if [ include an indicator for parents’ highest educational level together with a missing dummy, in line with
the discussion in the previous footnote.

18 The county variables are constructed among students who have responded to the relevant questions.
Students are defined as having some foreign background if they are not born in Sweden and have two
Swedish-born parents. The results are almost identical if I use alternative definitions in this respect.

19 This variable is calculated based on the municipality of residence. Overall, results are very similar if I
also allow the effect of this indicator to vary over time, or add other variables from administrative data
covering students in year 9, including the county average parental educational level, on a scale from 1 to
7,and the county share of students with an immigrant background.

20 However, the results are almost identical if instead include the (log) number of 14-year-olds at the
county level as a proxy for the number of students in year 8.
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3.4. Empirical set-up

It is not straightforward to study the effects of independent-school competition in the
Swedish context. This is because the 1992 voucher reform was implemented in the
entire country at the same time and operators choose where to open new schools,
meaning there is no proper, untreated control regions with which to compare. This is
especially true when studying TIMSS data, since the first survey was conducted a few
years after the voucher reform. To analyse the effects of competition, I thus follow prior
research in exploiting the differential increase in independent-school enrolment shares
across regions over time, in a panel set-up to adjust for time-invariant unobserved
differences across these regions, while also adjusting for the time-varying controls
discussed in Section 3.3.

Studying the effects of independent-school competition on TIMSS scores, implicitly
assuming homogenous treatment effects across counties and over time at different

levels of competition (Callaway et al. 2021), I thus estimate the following OLS model:
Vsct = @ + B1SDet + BoXser + B3Zer + O + e + Esce (1)

where yq is the average TIMSS score of student s in county c in year t; sp.; denotes the
average independent-school enrolment share in each county; x,.; is a vector of student-
level controls while z.; is a vector of county-level controls, discussed in Section 3.3; &,
denotes county-fixed effects, which absorb time-invariant unobservable county
characteristics; y; represents time-fixed effects, which absorb common shocks that
affect all counties equally.2! Standard errors are clustered at the county level because

the variable capturing independent-school competition varies at this level.22

21 Unless stated otherwise, regressions in this paper are adjusted for the fact that students’ TIMSS scores
are estimated from five plausible values in each subject (see Wu 2005). In practice, this means that the
models are estimated separately for each plausible value. The point estimate is then equivalent to the
average point estimate for the five plausible values, and the standard error is estimated using Rubin’s
rules for handling multiple imputations (see Jerrim et al. 2017). In models studying the average
mathematics and science scores, I use the average of each of the five plausible values in both subjects.

22 Since there are only 21 counties, there is a risk that the number of clusters is too small to estimate the
models correctly. Furthermore, the number of observations varies quite a lot between the counties, which
may also create problems for interpreting the results (see Cameron and Miller 2015; Roodman et al.
2019). Since I scale the student weights in the main models so that all students in the same county and
test round sum to 1 - to ensure that all counties are given equal weight in the models - the latter is not a
problem for my analysis. Yet to ensure that the number of clusters is not too small, I estimated the main
models on the average of the five plausible values and used the wild cluster bootstrap procedure to adjust
the relevant p-values for this possibility (Roodman et al. 2019). As displayed in Table A2, these p-values
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The model’s assumption is that Cov(spct, €scelXsctr Zet» Oc, Ue) = 0. Effectively, this
means that changes in time-varying unobservable county characteristics that affect
performance should not be correlated with changes in independent-school enrolment
shares. This assumption is violated if changes in student performance generate changes
in independent-school competition, reflecting reverse causality, if there is measurement
error in the competition measure, and/or there exist omitted time-varying variables
that affect both changes in competition and student performance. The overall direction
of such potential bias is theoretically unclear. For example, private operators may
establish more new schools in areas with declining school results, as demand may be
stronger in such areas, which is likely to bias estimates downwards. Also, potential
measurement error in the variable used to capture independent-school competition
would also bias estimates downwards. On the other hand, private operators may prefer
to start schools in areas with improving school results, for example because of influxes
of socio-economically advantaged students who may effectively be cheaper and easier
to educate (see Edmark 2019). If this is the case, and the phenomenon is not captured
by the included controls, one would expect estimates to be biased upwards.

Naturally, given the nature of the data analysed, it is impossible to conduct checks on
pre-reform trends in support of a causal interpretation of the results, although prior
research analysing grades and national proficiency test scores suggests they do support
such an interpretation (Béhlmark and Lindahl 2015).23 To investigate the likelihood
that the findings reflect the causal impact of independent-school competition, I thus
instead devise a placebo test in treatment using the share of children attending
independent pre-schools. The idea is to study the extent to which the results capture
more general regional preferences for private providers in fields that are related to
primary- and secondary schooling. If this is the case, the main analysis risks capturing
the effects of other factors than independent-school competition on TIMSS scores.
Certainly, a correlation between independent pre-school enrolment shares and
independent-school enrolment shares is expected, but changes in the variation in the
former that cannot be explained by the latter should not be related to changes in TIMSS

scores.

are almost identical to the ones produced in the equivalent models using clustering, suggesting that the
findings are not biased due to a small number of clusters.

23 Note that these checks are conducted on grades given in the pre-reform cohort-referenced system,
which means that differential grade inflation is likely less of a problem for interpreting the results.
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In the first step, I thus predict the municipal independent pre-school enrolment
share, for each survey year, using the corresponding share of students attending
independent primary- and lower-secondary schools. In the second step, I extract the
variation in the independent pre-school enrolment share that cannot be explained by
the independent-school enrolment share and calculate the unweighted county
average.?* In the regressions, I then study whether the residual - the difference between
the actual independent pre-school enrolment shares and the variation in this variable
that can be predicted by independent-school enrolment shares - is related to TIMSS
scores, once adjusting for county- and time-fixed effects and all control variables.

Since I study a sample of students, I utilise the weights that adjust for students’
sampling probability. These ensure that the sample is representative at the national
level. But since I analyse the effects of independent-school competition at the county
level - and each county is thought to represent a separate market - [ adjust the weights
so that all students in the same county and test round sum to 1. This means that I give
all counties equal weight in the models, which is equivalent to B6hlmark and Lindahl’s
(2015) main approach. The models thus analyse how independent-school competition
affects an average student in each county.

However, [ also display results when using the unadjusted student weights, thus
giving larger counties more weight in the regressions. The models then analyse how
independent-school competition affects an average student in the country rather than in
each county. These estimates are thus also used to simulate Sweden’s counterfactual
performance trend without increasing independent-school enrolment shares. Finally, I
also estimate models without any weights at all to ensure that the findings are not
driven by a small number of students who happen to account for a considerable share of
the variation in competition across counties, while being given a large weight in the
regressions merely because they also happen to be underrepresented in the sample.

In the main models, I include data from TIMSS 1995, 2003, 2011, and 2019. This
ensures that I can analyse the effects of independent-school competition over time in a
balanced panel with eight years between each survey. This also allows me to estimate
the effects of competition over longer time periods - exploiting the fact that there has

been consistent growth in independent-school enrolment shares (and the variation in

24 The share of children attending independent pre-schools is only available from 1998, and I thus use
data for 1998 instead of data for 1995 in the first year of the panel.
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these shares across counties) over time - which is important when estimating general-
equilibrium effects. In addition, analysing data over longer time periods decreases the
estimates’ sensitivity to measurement error (see Bohlmark and Lindahl 2015).
However, in other models, I include data from all survey rounds, or restrict the sample
in other ways to analyse the extent to which the effect of independent-school

competition varies over different periods.

4. Results

This section reports the results, which are displayed in figures in the main text, showing
the effect of a 10 percentage-point increase in the average independent-school
enrolment share on students’ TIMSS scores. The error bars in the figures display a 90%
confidence interval. Details regarding the results, including levels of statistical

significance, are provided in the tables in the Appendix.

4.1.Main results

Figure 1 shows that a 10 percentage-point increase in the average independent-school
enrolment share raises TIMSS scores by 21-25 points, depending on which controls are
included. The results are very similar in all three models, but they become more precise
when including controls at the student- and county levels. This is expected if the
findings reflect a causal relationship, since it suggests the control variables are related
to student performance in TIMSS, but essentially unrelated to independent-school
competition, once adjusting for county- and time-fixed effects.2> As displayed in Table
A7 in the Appendix, the results are also very similar when including data from all test
rounds in the analysis, and when studying the effects on mathematics and science
performance separately.

Interestingly, at the same time, Table A2 also shows that there is no significant
relationship between independent-school competition and student performance in
TIMSS when excluding county-fixed effects, regardless of whether I adjust for student-

and county-level control variables. This suggests that estimates from models that do not

25 When studying all controls in separate models, I found that almost all of them are indeed separately
related to TIMSS scores when adjusting for county-fixed effects. In contrast, no controls were related to
independent-school competition when adjusting for county-fixed effects. However, when excluding
county-fixed effects, some of the controls were related to independent-school competition, thus
highlighting the importance of adjusting for unobserved time-invariant heterogeneity.
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adjust for time-invariant unobservable characteristics that vary across counties are

likely to be biased downwards.

Figure 1. Independent-school competition and TIMSS scores
(TIMSS 1995, 2003, 2011 och 2019)
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Overall, the results thus suggest that increasing independent-school competition has
improved TIMSS scores over time, compared to a counterfactual situation in which
competition would have remained at the levels in 1995. Counties with larger
independent-school enrolment share growth have had a more positive performance
trend in TIMSS, when adjusting for county- and time-fixed effects as well as relevant

control variables at the student- and county levels.

4.2.When does the impact appear?

Previous research indicates that the impact of independent-school competition on
student grades and national proficiency scores appeared from around 2005 onwards
(Bohlmark and Lindahl 2015). In order to study whether this also applies to the impact
of independent-school competition on TIMSS scores, I analyse the effect of changes in

competition levels between 1995 and each following survey round in separate models.
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Figure 2 shows that the positive impact of independent-school competition is only
detectable after 2003.2¢ The point estimate in the model that only includes data from
1995 and 2003 is close to zero and very imprecise. The lack of precision likely arises
because the variation in the change in independent-school competition was quite small
in this period. Consequently, I cannot rule out that the impact between 1995 and 2003
is of the same magnitude as the effect displayed in Figure 1. Regardless, only four years
later, the effect is positive and statistically significant - and it becomes more precise in
the following test rounds. This is to be expected since the variation in the change in

independent-school competition increases over time.

Figure 2. The variation in the effect of independent-school
competition over time

80

60

40 ¢ 384
28.2
25.7
20 % 23.9 %

-20

-40

-60

-80

Estimated effect on TIMSS scores of a 10 percentage-point
increase in the average independent-school enrolment share

1995 & 2003 1995 & 2007 1995 & 2011 1995 & 2015 1995 & 2019

Test rounds analysed

Overall, these findings are thus in line with previous research: the positive impact of
independent-school competition becomes detectable only from around 2005. This is
reasonable given that the increase in independent-school enrolment shares, and the
variation between counties in this respect, were rather modest in the first ten years
after the voucher reform. Yet as competition increased, so apparently did its impact on

student performance.

26 All models in Figures 2-5 include controls at the student and county levels.
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4.3. Effects during the periods of falling and rising performance

The above analyses suggests that independent-school competition slowed down
Sweden’s fall in TIMSS between 1995 and 2011, at least from 2007 onwards. But has it
also contributed to the improvements that have been seen since 2011? And, if so, what
is the relative effect size in the respective periods? To answer these questions, | analyse
the impact of independent school-competition during the performance decline and rise,
including all test rounds in each period.

Figure 3 shows that the positive effects are apparent in both the period of falling
scores and the period of rising performance. The point estimate is larger, but it is also
less precise, between 2011 and 2019, which is to be expected since the increase and the
variation in changes in independent-school competition were larger in the period 1995-
2011. Consequently, the difference is not statistically significant. Regardless, the
positive effect is apparent when analysing the periods of declining and improving
scores separately. In other words, independent-school competition appears to have
both slowed down Sweden’s performance decline between 1995 and 2011 and

contributed to its improving scores since 2011.

Figure 3. The effect of independent-school competition during
the periods of falling and rising performance
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In Table A4, I also show separate results between 2011 and each following test round
during the period of rising performance, equivalent to the estimates during the period
of falling performance in Section 4.2. The effect size is the largest between 2011 and
2015, which is when Sweden’s scores improved on average, but the precision in the
estimate is lower than between 2011 and 2019. This also means that I cannot rule out

that the effects are of the same magnitude in both periods.

4.4. Competition from for-profit and non-profit independent schools

The largest share of the increase in independent-school enrolment shares can be
explained by the proliferation of for-profit schools; the growth in the share of students
attending non-profit independent schools has been more modest (Holmlund et al
2019). It is thus plausible that the effects of independent-school competition are
primarily driven by the growth of for-profit schools specifically. To study this issue, I
separately analyse how competition from for-profit and non-profit independent schools
has affected student performance in TIMSS.27

Figure 4 shows that the positive impact of independent-school competition can be
entirely explained by increasing shares of students attending for-profit schools. While
the difference in effect compared with competition from non-profit schools is not
statistically significant, the latter is unrelated to student performance when analysing
both measures in the same model. Table A5 shows that this is also the case when
studying the effects of competition from for-profit and non-profit schools in separate
models, although the non-profit independent-school enrolment share coefficient
increases in size (and in one case turns negative). This is because changes in for-profit
and non-profit independent-school enrolment shares are positively correlated overall.
But competition from non-profit independent schools does not appear to have a
separate impact once taking this correlation into account.

Certainly, since the increase in non-profit independent school enrolment shares has
been much smaller than the increase in for-profit independent school enrolment shares,
it is difficult to draw strong conclusions regarding whether these results reflect

differences in the effects of for-profit and non-profit schools more generally. Yet it does

27 As described in Section 3.2, due to data availability, I can only include the years 1995, 2011, 2015, and
2019 in these analyses. As Table A5 shows, results are very similar if [ analyse data over the entire period
between 1995 and 2019.
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appear as if the impact of independent-school competition in TIMSS is driven primarily

by the growth of for-profit schools specifically.

Figure 4. Competition from for-profit and non-profit
independent schools

80

60

40

20 % 21.5

-20

-40

-60

Estimated effect on TIMSS scores of a 10 percentage-point
increase in the for-profit/non-profit school enrolment share

-80

Competition from for-profit schools Competition from non-profit schools

4.5. Effects of competition on the probability of reaching different benchmarks

Another important issue is the extent to which independent-school competition has
affected the probability that students reach different international performance
benchmarks. I thus analyse the probability that students reach the low (basic) level (at
least 400 points), intermediate level (at least 475 points), high level (at least 550
points), and advanced level (at least 625 points).

Figure 5 shows that independent-school competition has a positive impact on the
probability that students reach the intermediate, high, and advanced benchmarks. An
increase in the average share of students attending independent schools by 10
percentage points increases the probability that students reach the intermediate and
high levels in both subjects by 12 and 11 percentage points respectively, and the
probability that students reach the advanced level by 4 percentage points. These are

important effects given that the share reaching the intermediate level in both subjects
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was 60 percent, the share reaching the high level was 24 percent, and the share
reaching the advanced level amounted to 4 percentage points in 2019. The point
estimate when analysing the probability that students reach the low level in both
subjects is positive, but it does not reach statistical significance. However, the share
reaching the low benchmark is much larger than the other categories (86 percent in

2019), and the variation that can be explained is smaller.

Figure 5. The effect of independent-school competition on the
probability of reaching different benchmarks
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Table A7 shows that the results are generally similar when analysing the subjects
separately. However, the effects on the probability that students reach the high and
advanced benchmarks are considerably larger in science (although still significant in
mathematics), while the impact on the probability that students reach the intermediate
benchmark is considerably larger in mathematics (and not significant in science). There
is no significant impact on the probability that students reach the low threshold in

either subject. While no differences between subjects are statistically significant, this
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indicates that independent-school competition affects lower- and higher-performing
students somewhat differently in mathematics and science.28

Overall, the effect of independent-school competition is thus also detectable when
analysing the probability that students reach different performance benchmarks.
Competition appears to benefit both lower- and higher-performing students, although

the impact at the lowest benchmark is not significant.

4.6.Further analyses

In addition to the results reported above, I also conducted several further analyses, the
results of which are displayed in Table A7. The estimate is very similar when including
all test rounds in the analysis, and when using the unadjusted student weights, thus
giving larger counties larger weights in the regressions. This also holds true when not
using any weights at all. The results are also very similar when excluding Stockholm,
Skane, and Vastra Gotaland counties to ensure that the results are not driven entirely by
large metropolitan areas, even though about 50 percent of the sample are dropped.2° To
ensure that the results are not driven by outliers, I also carried out the analysis using
median regression. The impact is again very similar.30

Also, estimates are essentially identical when calculating the competition measure
based on the municipality in which schools are located rather than students’
municipality of residence, and when using the independent-school enrolment share in
each county overall, rather than the unweighted municipal average, to study the effects
of competition.31 This is also the case when adjusting for the average share of students
attending a municipal school outside students’ home municipality, a measure intending

to capture competition between municipal education providers.32

28 This may reflect the fact that the share of students who do not reach the intermediate benchmark is
larger in mathematics (36 percent in 2019) than in science (29 percent in 2019), while the shares of
students who reach the high and advanced thresholds are larger in science (41 and 13 percent
respectively in 2019) than in mathematics (28 and 5 percent respectively in 2019).

29 This also holds true when using the unadjusted student weights or no weights at all. In unreported
analyses, I also excluded each of the 21 counties, one by one, and results were always very similar.

30 [n this model, I study the average of the five plausible values (and cannot include weights). As the
model did not converge when including interactions between the student-level controls and year-fixed
effects, [ exclude these interactions and display the equivalent OLS estimates for comparison purposes.

31 However, when using the weighted average, while the coefficient is essentially identical as in the main
models, it is less precise. This suggests that it is a noisier measure than the unweighted average, perhaps
because the former does not capture average competition levels in each county as well as the latter.

32 This indicator has no relationship with student performance in TIMSS. The point estimate is marginally
negative, but very close to zero and far from statistically significant.
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Furthermore, Table A7 shows that the effect is almost identical if I include a dummy
indicating whether participating students attend an independent school, which allows
me to adjust for the direct association between independent-school attendance and
performance in TIMSS.33 Also, the results are almost identical if I instead exclude all
participating students who attend independent schools. In other words, independent-
school competition appears to impact performance in municipal and independent
schools approximately equally.34

Finally, Table A7 also shows that there is no relationship between student
performance and the share of the variation in independent pre-school enrolment shares
that cannot be predicted by independent-school enrolment shares. As discussed in
Section 3.4, this placebo test supports the argument that the analysis captures the
causal effects of increasing independent-school competition on TIMSS scores in

Sweden.35

4.7.Discussion

Overall, the paper displays a positive effect of independent-school competition on
Swedish TIMSS scores over time. Importantly, my findings suggest that estimates in
prior research are not biased upwards due to unreliable domestic performance metrics.
On the contrary, the effects found in this paper are much larger than the impact found in
prior research analysing domestic outcomes. Indeed, Bohlmark and Lindahl (2015) find
that a 10 percentage-point increase in independent-school enrolment shares raises
grades and national proficiency test scores by about 0.04-0.05 standard deviations in
the period 1992-2009, when weighting municipalities equally in the regressions.

Analysing the effect at the county level, they find an effect size of about 0.05-0.06

33 The independent-school coefficient in this regression is positive (15.84) and significant (standard error
= 6.65). There is no information regarding school ownership for eight schools, including the two schools
for which there is no geographical information, which are thus excluded.

34 While adjusting for the independent-school dummy holds constant an endogenous variable, and
excluding students in independent schools introduces sample-selection issues, both modifications are
likely to bias the estimates of competition downwards. This is because independent schools historically
have had more advantaged students on average, although differences have decreased over time (e.g.
Holmlund et al. 2019), suggesting positive selection into these schools.

35 In addition to analyses reported in Section 4.6, I also checked whether the results changed when adding
county-specific linear trends to the full main model, thus exploiting deviations from linear trends, rather
than changes in levels, as the source of variation. Doing so is clearly problematic in my setting, where it is
only possible to adjust for post-reform trends, as such trends often control for the treatment effect itself
(e.g. Goodman-Bacon 2021; Meer and West 2016). Nevertheless, the results are in fact very similar when
including county-specific linear trends in the full main model, with a slightly larger coefficient, although
precision also decreases. This is unsurprising given the reduction in the variation exploited.
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standard deviations. This is much smaller compared with the equivalent finding of
about 0.24-0.30 standard deviations (about 20-25 TIMSS points) at the county level in
this paper.3¢

However, Bohlmark and Lindahl (2015) also find an effect of 0.10-0.17 standard
deviations (about 7-12 TIMSS points) when studying low-stakes TIMSS scores in 1995
and 2007, depending on whether (and which) controls are included, which is about
three-to-five times as large compared to the equivalent population-weighted estimates
when studying domestic performance metrics (0.03-0.04 standard deviations). As
noted in Section 2, this may well be reasonable since all factors behind differential
standards in domestic marking and grading are neutralised when studying international
test scores, rather than just those stemming from competitive incentives, and since
competition may affect knowledge and skills that are better captured by international
low-stakes tests differently.

Yet, as also noted in Section 2, when studying data from TIMSS 1995 and 2007,
Bohlmark and Lindahl (2015) also utilise the between-regional variation in
independent-school competition in each survey, rather than the within-regional
variation over time only. And this is an important difference compared with this paper.
Indeed, when modifying my analysis to be more similar to their set-up, thus exploiting
the between-municipal variation in independent-school competition within counties
and including the unadjusted student weights, the effect size in a model with student-
level controls is 5 TIMSS points and thus very similar to their main model.3” Meanwhile,
when excluding county-fixed effects in an equivalent analysis at the county level, thus
also exploiting between-county variation, I obtain an almost identical estimate of about

6 TIMSS points in a model with student-level controls.38

36 The standard deviation of the average mathematics and science score in TIMSS 2019 was 82.38 points.
37 The coefficient is 54.13 (standard error clustered at the municipal level = 19.20). If I also include
municipal-level control variables equivalent to the county-level controls used in this paper, the estimate
is close to zero and insignificant. This appears broadly similar to Béhlmark and Lindahl’s (2015)
equivalent findings, as discussed in the note to their Table 9.

38 The coefficient is 58.22 (standard error clustered at the county level = 13.99). This is the same model as
the one including student-level controls in the second panel in Table A2 - which produces a very similar
yet insignificant estimate - but includes unadjusted student weights to replicate Bohlmark and Lindahl’s
approach when analysing TIMSS data. However, when including county-level controls the estimate is
close to zero and insignificant also with the unadjusted weights, which, as noted in the previous footnote,
also is similar to B6hlmark and Lindahl’s (2015) findings. Combined with the results in this paper, it also
suggests that models exploiting the variation in independent-school competition between regions are
more sensitive to the inclusion of regional-level controls than models that only exploit the variation
within regions over time.
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Overall, this suggests that the larger effect size in this paper compared to prior
research can likely be explained by the combination of the fact that I (1) study low-
stakes international test scores, which both neutralise all factors behind differential
marking and grading standards as well as partly reflect different types of knowledge
and skills compared with domestic outcomes, (2) analyse the effects of competition at
the county rather than municipal level, and (3) only utilise the variation in independent-

school competition that varies within counties over time.

5. Simulating Sweden’s counterfactual performance trend without competition

In this section, using the empirical estimates from the paper, I simulate Sweden’s
counterfactual performance trend in TIMSS without any expansion of the independent-
school sector. To do so, I extrapolate the impact of independent-school competition
from a model that includes all test rounds between 1995 and 2019 and use the
unadjusted student weights. This is to ensure that the estimate picks up the effect of
competition on an average student in the country across all years, which is the
interesting parameter when simulating Sweden’s counterfactual trend overall. All
control variables at the student and county levels are included. As displayed in Table
A7, the estimate from this model is very similar to the main findings.

Since this paper, like prior research, does not find any positive effects between 1995
and 2003, I assume that Sweden’s average trend in this period would have been the
same without any increase in competition. In the simulation, I first multiply the
coefficient for the average share of students attending independent schools with the
change in this share at the national level between 1995 and each survey year from 2007
onwards. I then subtract the product from Sweden’s actual average TIMSS score for
each year.

The results are displayed in Figure 6. According to the simulation, Sweden would
have scored 15 points lower in 2011, when the country’s performance was at its lowest.
The improvement that occurred between 2011 and 2015 is in turn predicted to have
been 12 points instead of 15 points, to be followed by a marginal decline between 2015
and 2019. The average score in 2019 is thus predicted to have been 10 points better
than in 2011, instead of 15 points better. Finally, the difference between the actual and
predicted average TIMSS score in 2019 amounts to 20 points (or 0.24 standard

deviations).
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Figure 6. Simulating Sweden's average TIMSS score without
increasing independent-school competition
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Of course, it is important to interpret the results from the simulation with caution. It
is impossible to determine conclusively how Sweden’s score trend in TIMSS would have
looked like without increasing independent-school competition since 1995. Yet the
analysis gives a rough estimation of how Swedish average performance had changed
over time without any increase in independent-school competition, based on the

empirical estimates in this paper.

6. Conclusions

This paper has analysed the impact of increasing independent-school competition on
Sweden’s scores in TIMSS, an externally marked international test measuring
performance in mathematics and science among students in year 8. I found that
independent-school competition has increased Swedish students’ performance
compared with a counterfactual situation without competition. The results imply that
an increase of 10 percentage points in the average municipal independent-school
enrolment share at the county level improves TIMSS scores by about 20-25 points on

average, equivalent to roughly 0.24-0.30 standard deviations, an effect that only
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emerges from 2007 onwards. It also appears that competition both decreased the
performance decline in the period 1995-2011 and contributed to the performance rise
in the period 2011-2019. A simulation based on the estimates in the paper suggests
that Sweden would have scored on average 20 points (or 0.24 standard deviations)
lower in TIMSS 2019 had the average share of students attending independent schools
remained at the level of 1995.

Interestingly, the positive impact appears to be driven by competition from for-profit
independent schools, which is not surprising given that the increase in competition
overall can be mostly attributed to the establishment of such schools. Also, the effect is
almost identical when adjusting for the direct association between independent-school
attendance and TIMSS scores, and when excluding all participating independent-school
students in the analysis, suggesting that competition affects students in municipal and
independent schools similarly. Apart from having a positive impact on students’ average
scores, competition also raises the probability that students reach the intermediate,
high, and advanced international benchmarks, indicating that competition has positive
effects among both lower- and higher-performing students.

Given the nature of the data analysed, it is not possible to conduct checks on pre-
reform trends in support of a causal interpretation of these findings. Yet in a placebo
test in treatment, I found no evidence that changes in the share of the variation in
independent pre-school enrolment shares that cannot be predicted by independent-
school enrolment shares were positively related to changes in TIMSS scores. This is
expected if the findings are driven by school competition, rather than other time-
varying regional differences that correlate with differential changes in preferences for
private providers more generally.

Overall, the paper thus supports prior research in finding positive effects of
independent-school competition on lower-secondary student performance in Sweden.
Importantly, little suggests that estimates in prior research are biased upwards due to
unreliable domestic performance metrics. On the contrary, the effects in this paper are
larger than those found in prior research analysing domestic outcomes. A comparison
suggests this is primarily because I analyse low-stakes international test scores, which
both neutralise all factors behind differential marking and grading standards as well as
partly reflect different types of knowledge and skills compared with domestic

outcomes, and because I estimate effects at the county level rather than municipal level.
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Certainly, these findings do not imply that the effects of the voucher reform have
been positive in all respects. For example, other research suggests it may also have
increased school segregation at the lower-secondary level (Bohlmark et al. 2016).
Furthermore, the paper is silent on the effects of competition on student performance at
the upper-secondary level, where the share of students attending independent schools
has increased about twice as much. More generally, the education system and market
are very different at the upper-secondary level, making it impossible to extrapolate this
paper’s effects in this respect. In recently commenced research, I thus intend to analyse
how independent-school competition at the upper-secondary level has affected
Sweden’s performance trend in TIMSS Advanced, an international test in advanced
mathematics and physics among students in the final year of upper-secondary school.
This will allow me to provide further evidence of the effects of independent-school

competition at the upper-secondary level as well.
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Appendix

Table Al: Descriptive statistics

1995 2003 2007 2011 2015 2019
Average TIMSS score 546.13 511.66 501.00 49690 51150 511.95
(73.12) (66.60) (71.07) (70.69) (75.11) (82.38)
Reached low level (both subjects) 0.94 0.89 0.87 0.86 0.88 0.86
(0.24) (0.31) (0.34) (0.35) (0.33) (0.35)
Reached intermediate level (both subjects) 0.74 0.58 0.56 0.53 0.61 0.60
(0.44) (0.49) (0.50) (0.50) (0.49) (0.49)
Reached high level (both subjects) 0.37 0.19 0.17 0.14 0.23 0.24
(0.48) (0.39) (0.38) (0.35) (0.42) (0.43)
Reached advanced level (both subjects) 0.08 0.02 0.02 0.01 0.02 0.04
(0.26) (0.13) (0.13) (0.10) (0.15) (0.20)
Books at home (5 categories) 3.94 3.58 3.40 3.23 3.01 2.90
(1.09) (1.24) (1.25) (1.29) (1.31) (1.35)
Foreign born 0.07 0.09 0.08 0.09 0.11 0.14
(0.26) (0.29) (0.27) (0.28) (0.32) (0.35)
Mother foreign born 0.13 0.19 0.18 0.20 0.23 0.27
(0.33) (0.39) (0.38) (0.40) (0.42) (0.44)
Father foreign born 0.13 0.20 0.18 0.21 0.25 0.29
(0.39) (0.44) (0.43) (0.42) (0.52) (0.52)
Age at arrival in Sweden 0.38 0.34 0.26 0.21 0.33 0.33
(1.80) (1.27) (1.11) (0.82) (1.16) (0.95)
Speak Swedish at home (3 categories) 3.08 2.92 2.93 291 2.90 2.84
(1.04) (0.31) (0.29) (0.33) (0.35) (0.44)
Boy 0.51 0.49 0.52 0.52 0.52 0.51
(0.50) (0.50) (0.50) (0.50) (0.50) (0.50)
Age 14.93 14.89 14.83 14.77 14.75 14.83
(0.31) (0.35) ((0.36) (0.40) (0.36) (0.36)
Computer at home 0.97 0.98 0.98 0.99 0.98 0.98
(0.17) (0.16) (0.15) (0.12) (0.12) (0.16)
Study desk at home 0.98 0.98 0.98 0.98 0.99 0.97
(0.13) (0.15) (0.15) (0.13) (0.10) (0.16)
Independent-school enrolment share 0.01 0.04 0.06 0.09 0.10 0.12
(0.01) (0.03) (0.05) (0.06) (0.07) (0.07)
For-profit enrolment share (years 6-9) 0.01 0.07 0.09 0.11
(0.01) (0.05) (0.07) (0.07)
Non-profit enrolment share (years 6-9) 0.00 0.03 0.03 0.04
(0.00) (0.02) (0.02) (0.03)
Books at home (county) 3.96 3.55 3.43 3.21 3.05 2.92
(0.23) (0.14) (0.19) (0.20) (0.24) (0.25)
Share of students with some foreign 0.19 0.26 0.25 0.28 0.30 033
background (county)
(0.08) (0.11) (0.09) (0.10) (0.08) (0.08)
(log) Number of year 9 students (county) 8.72 8.86 9.02 8.95 8.90 9.03
(0.82) (091) (0.88) (0.93) (0.92) (0.98)
Number of students in TIMSS 1,949 4,256 5,215 5,573 4,090 3,996

Note: The data display means with standard deviations in parentheses. All statistics are calculated using
student-level TIMSS data, weighted by participating students’ sampling probabilities. Only observations
without missing values are used. The independent-school enrolment shares are given as the municipal

averages at the county level.
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Table A2. The impact of independent-school competition on average TIMSS scores

Main analysis
TIMSS 1995, 2003, 2011, 2019

Independent-school enrolment share 208.61* 224.79** 245.07%**
(110.96) (84.74) (59.29)
County-fixed effects Yes Yes Yes
Time-fixed effects Yes Yes Yes
Student-level controls No Yes Yes
County-level controls No No Yes
P-value (clustered standard errors) 0.08 0.02 <0.01
P-value (wild bootstrap, 99999 replications) 0.07 0.03 <0.01
Students 15,750
Counties 21
Excluding county-fixed effects
Independent-school enrolment share 75.71 63.31 3.12
(67.11) (46.74) (35.98)
County-fixed effects No No No
Time-fixed effects Yes Yes Yes
Student-level controls No Yes Yes
County-level controls No No Yes
Students 15,750
Counties 21

Note: Significance levels: *p<0.1; **p<0.05; ***p<0.01. Standard errors clustered at the county level in
parentheses. The background controls constructed from survey data are interacted with the year-fixed
effects. All counties are given equal weight in the analysis. In the comparison of the p-values with
clustering and wild bootstrap, the average of all five plausible values is analysed, thus ignoring the
uncertainty in students’ test scores that arise from the multiple imputation procedure to obtain the
plausible values.

Table A3. The variation in the effect of independent-school competition over time

1995 & 1995 & 1995 & 1995 & 1995 &

2003 2007 2011 2015 2019
Independent-school enrolment share 35.10 383.87*F 282.43*** 239.24*** 257.00***
(241.21) (171.73)  (92.75) (77.20) (72.86)
Students 6,205 7,164 7,498 6,000 5,945
Counties 21 21 21 20 21

Note: Significance levels: *p<0.1; **p<0.05; ***p<0.01. Standard errors clustered at the county level in
parentheses. All models include student- and county-level controls. The background controls constructed
from survey data are interacted with the year-fixed effects. All counties are given equal weight in the
analysis.
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Table A4. The effects during the periods of falling and improving scores

1995- 1995, 2003 2011- 2011 & 2011 &
2011 & 2011 2019 2015 2019
Independent-school enrolment share 264.03%** 254.80** 422.36***  632.67** 402.15**
(88.58) (91.39) (132.74) (264.64) (157.72)
Students 16,969 11,754 13,635 9,617 9,545
Counties 21 21 21 20 21

Note: Significance levels: *p<0.1; **p<0.05; ***p<0.01. Standard errors clustered at the county level in
parentheses. All models include student- and county-level controls. The background controls constructed
from survey data are interacted with the year-fixed effects. All counties are given equal weight in the
analysis.

Table A5. The impact of competition from for-profit and non-profit independent schools

1995, 2011,

2015 & 2019 1995 & 2019
Variables included in the same model
For-profit school enrolment share 214.57%** 242.54%**
(64.38) (79.71)
Non-profit school enrolment share 14.80 -147.45
(207.07) (184.32)
Variables included in separate models
For-profit school enrolment share 216.03*** 232.94%**
(56.51) (73.22)
Non-profit school enrolment share 235.45 66.39
(209.01) (253.55)
Students 15,584 5,945
Counties 21 21

Note: Significance levels: *p<0.1; **p<0.05; ***p<0.01. Standard errors clustered at the county level in
parentheses. All models include student- and county-level controls. The background controls constructed
from survey data are interacted with the year-fixed effects. All counties are given equal weight in the
analysis. The for-profit and non-profit school enrolment shares are calculated among students in years 6-
9 only.

Tabell A6. Effects on the probability of reaching international performance benchmarks

TIMSS 1995, 2003, 2011, and 2019

Coefficient Students Counties

Reached low level in both subjects 0.42 15,750 21
(0.37)

Reached intermediate level in both subjects 1.19** 15,750 21
(0.48)

Reached high level in both subjects 1.12%** 15,750 21
(0.39)

Reached advanced level in both subjects 0.37** 15,750 21
(0.15)

Note: Significance levels: *p<0.1; **p<0.05; ***p<0.01. Standard errors clustered at the county level in
parentheses. All models include student- and county-level controls. The background controls constructed
from survey data are interacted with the year-fixed effects. All counties are given equal weight in the
analysis.
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Tabell A7. Further analyses

Coefficient Students Counties

All test rounds included 238.05%** 25,055 21
(56.41)

Skane, Stockholm, and Vastra Gotaland counties excluded 263.58*** 7,616 18
(72.10)

Median regression 165.53*** 15,750 21
(54.52)

OLS with median regression specification 180.76*** 15,750 21
(48.68)

Mathematics score 234.26*** 15,750 21
(69.28)

Science score 255.88%** 15,750 21
(61.90)

Low level in mathematics 0.35 15,750 21
(0.34)

Intermediate level in mathematics 1.11%** 15,750 21
(0.46)

High level in mathematics 1.15%%* 15,750 21
(0.32)

Advanced level in mathematics 0.41** 15,750 21
(0.20)

Low level in science 0.15 15,750 21
(0.23)

Intermediate level in science 0.70 15,750 21
(0.48)

High level in science 1.49%** 15,750 21
(0.41)

Advanced level in science 0.83*** 15,750 21
(0.26)

Competition measure calculated at school municipality level 257.42%** 15,750 21
(63.11)

Independent-school enrolment share in the county overall 243.39%%* 15,750 21
(82.92)

Control for independent-school indicator 250.10*** 15,532 21
(61.07)

Students in independent schools excluded 261.50%** 14,108 21
(67.48)

Control for enrolment shares in other municipalities’ schools 244 70%** 15,750 21
(61.10)

Unadjusted student weights 194.36™*** 15,750 21
(46.60)

Unadjusted student weights & all surveys (for simulation) 192.48*** 25,055 21
(43.70)

No weights 189.25%** 15,750 21
(50.82)

Independent-school enrolment share, years 6-9

(1991;, 2011, 2015 & 2019) ’ 184.50%* 15,584 21
(47.52)

Independent-school enrolment share, years 6-9

[199‘; %2019) y 197.53%%* 5,945 21
(57.09)

Placebo test (independent pre-school enrolment, residual) -71.63 15,750 21
(76.57)
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Note: Significance levels: *p<0.1; **p<0.05; ***p<0.01. Standard errors clustered at the county level in
parentheses. All models include student- and county-level controls. The background controls constructed
from survey data are interacted with the year-fixed effects. All counties are given equal weight in the
analysis, with the exception for the median regression and its OLS equivalent, the models that include
unadjusted weights, and the model that include no weights.
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