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Abstract

This paper evaluates the average educational peaifare effects of an expanding independent-
school sector at the compulsory level by assessingadical voucher reform that was
implemented in Sweden in 1992. Beginning from aatibn where all public schools were
essentially local monopolists, the incidence ofejpehdent schools has developed very
differently across municipalities over time as aufeof this reform. We regress the change in
educational performance outcomes on the increatieeishare of independent-school students
between Swedish municipalities. We find that arréase in the share of independent-school
students improves average performance at the emdropulsory school as well as long-run
educational outcomes. We challenge these resu#isvieral ways and find that they are highly
robust to various endogeneity concerns such asgfiwem trends and other potential issues such
as grade inflation. However, for most outcomes, deenot detect positive and statistically
significant effects until approximately a decadeeathe reform. This finding is notable but not
surprising, given that the first cohort of studemiso spent the entirety of their compulsory
schooling in the new system graduated in 2001 batit required time for independent schools
to become more than a marginal phenomenon in Swelfenfurther find that the average
effects stem primarily from external effects (e.g¢hool competition) and not from
independent-school students’ gaining significantiyre than public-school students. We do not
find positive effects on school expenditures. Wamakconcile our results with the deterioration
of Swedish students’ results in international teSsing TIMSS data for 1995, 2003 and 2007,
we find that the test results of Swedish studentbé g grade deteriorated less in regions with
a higher proportion of independent school students.
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1 Introduction

The theoretical arguments for why vouchers and@attmice are expected to have positive
effects on overall educational performance are Wwebwn. The main argument is that
schools’ incentive to improve is enhanced when thegt compete for students. Because the
money follows the students, the schools are exgddoteaise their quality to attract students.
By allowing for alternatives to the local publich®®l monopoly, one may also expect a better
matching of students to schools and a greatenrdfunew ideas on how to improve teaching.
However, despite the theoretical arguments thai@athoice should have a positive impact,
the empirical evidence is mixed.

One of the most interesting evaluation settingseofrom the experience in Sweden,
which implemented a radical nationwide vouchermafin the early 1990s. The design of this
reform essentially mimics the original idea progbbg Milton Friedman in his classic article
“The role of government in education” from 1955streform introduced vouchers and free
choice between public and independently run schaotslar economic terms for both types
of schools, and fairly few regulations restrictimgw schools from entering the market. Before
this reform, the public schools were local monagisliand the few private schools that
existed were not funded through vouchers and tiduaat compete with public schools for
students. Due to this reform, a completely newaseatt publicly funded but independently
run schools, which we call “independent schoolssswreated.Importantly, the full
financing of the independent schools is providedhaylocal government in the form of a
voucher for each student these schools attracthw&eexpect stronger economic pressure on
the local public schools as more students choosettout and attend independent schools.

Although the reform concerned the entire countrg, éstablishment of independent
schools has differed widely across municipalitiedped, a sizeable fraction of the
municipalities continue not to have any independehbols. Our basic evaluation strategy is
to relate this differential growth in the shararafependent-school students to changes in
average educational outcomes across municipaltiesuse high-quality administrative data
for the entire Swedish population of students H&72-1993 who finished compulsory
school in Sweden between 1988 and 2009. We exagnaakes and test score outcomes at the

! We have decided to label these schools “indeperatgools” (in Swedish: “fristdende skolor”) becaubey are privately owned and
operated but publicly funded. Earlier papers bynd others sometimes instead call them “privatedsh, which we believe is a less apt
term, as it is associated with funding by studeesf



end of compulsory schod\We are also able to follow the students as thewaider and
thus examine the effects on long-run outcomes aadhigh school grades, university
attendance and years of schooling.

We find that an increase in the share of indepetsighmool students has caused an
increase in average educational performance. hhrease is evident for both short- and
long-run measures, and the estimates remain vemiasiif we control for changes in a
number of demographic, family background and mypaidy-level characteristics. We also
find that these positive effects are not driverdifferential pre-reform trends in educational
outcomes and that they are highly robust to a numbether issues that might bias the
estimates (such as grade inflation and increaspdramities to choose between public
schools). Our main estimations examine effectsdutational performance using averages
over both public and independent school studentsrdstingly, it appears that the positive
effects are primarily due to external effects (espillover or competition effects) and not that
independent-school students gain significantly nibaa public school students. We are also
able to show that a higher share of independerdedctudents in the municipality is not
associated with an increase in school expenditttesever, for most measures, we do not
detect positive and statistically significant edimaal performance effects until
approximately a decade after the reform. This tapse is notable but not surprising, as the
first cohort of students who spent their entire pafeory schooling in the new system
graduated in 2001 and because it has taken timiadependent schools to become more than
a marginal phenomenon in Sweden.

We also perform a separate analysis in which weahke to reconcile our results with
the deterioration of Swedish students’ resultsniernational tests. Using TIMSS data for
1995, 2003 and 2007, we find that the test resofitSwedish students in thé" &rade
deteriorated less in regions with a higher proportf independent school students.

The paper is organized as follows. The next seqimvides a brief survey of the previous
literature as well as a discussion of our contidng in relation to existing studies. Section 3
describes the Swedish school system, the voucli@nreand the evolution of independent
schools. Section 4 describes the data set andaitbles used in the estimations. Section 5
discusses the estimation strategy and reports #ie results for educational performance.
Section 6 reports the results from a number of iBeig analyses as well as from the

2 In Sweden, compulsory school denotes grade lew@svthich consist of stage 1 (grade levels 1-3gest2 (4-6) and stage 3 (7-9)
education. Stages 1 and 2 are sometimes labeledhsary school, and stage 3 is sometimes labeléoas secondary school.



investigation of underlying mechanisms. Sectioneports the results from TIMSS data.

Section 8 concludes the paper.

2. Previous studies and the value added of the pre  sent study

There is an extensive literature that studies wdrgthivate (or other independent type)
schools are better than public schools, and a nuoflEapers have turned to quasi-
experiments (e.g., voucher lotteries) in ordersiingate the effects of attending these
schools® However, students’ choices are likely to have mwtkeeffects. School choice might
improve the quality of education for both privatelgublic school students and lead to
improved overall educational outcomes even if tidents in private schools benefit no more
than the students in public schools. Moreoveraflgeation of students among schools can
generate peer-effects that can have both positigenagative effects. Only the private-school
attendance effect can be estimated using smak-scaicher lotteries. To estimate the overall
effect, researchers typically instead need tozatilarge-scale school-choice reforms or
peculiar institutional features of schooling syssetmfind credible exogenous variation in the
degree of choice and competition across regions.

There is one strand of literature that evaluatescehbetween public schools or school
districts and another that focuses on choice betwédéerent types of schools. We focus here
on the latter literaturéHsieh and Urquiola (2006) estimate private sclubalice effects from
a large-scale reform that dramatically increaséxalkcchoice in Chile during the 1980s. They
found no impact on overall educational performa@iark (2009) evaluates a U.K. reform
where high schools were allowed to become autonerftmut still publicly funded) schools,
the so called Grant-Maintained (GM) schools. Whethiecal public school became a GM
school depended on whether a majority of parentsdvimr the change. This rule in
combination with vote shares is used in a RegradSiscontinuity estimation framework to
evaluate the effects of GM schools. Clark findgdapositive effects for these schools, but
little spillover effects on the neighborhood sclsodard, Dooley and Payne (2010) evaluate
whether competition between the publicly fundedutscand Catholic primary schools

3 Some recent examples of such work are: Angrisale(2006); Hoxby and Murarka (2009); and Abdulkadiu et al., (2011). For
overviews of the literature, see McEwan (2000)| &ikl. (2007) and Bettinger (2011).

4 Findings from some selected studies which havemattd achievement effects of choice and competiimong public schools are:
Positive effects are found for the U.S. (Hoxby, @0é@nd for Israel (Lavy, 2008), whereas Gibbons¢iMiaand Silva (2008) find no effect
for the U.K. de Haan, Leuven and Oosterbeek (20i/Bstigate competition effects in the Netherlavdsere a universal voucher system
exists. They find that fewer schools in an ared techigher pupil achievement, which they arguieesause the effect of school size offsets
competition effects.



(where the former is open to all students anddtterl only to students with Catholic
backgrounds) lead to more efficient schools. Tlyeiaent is that the more Catholic families
there are in an area, the more competitive pressymat on the secular schools. The authors
find small positive effects from increased compatiton test score gains. There are also
several studies of the effects of private schoatetition on the test scores of public school
students in the U.S. Hoxby (2003) and Chakrab2@®8) study the degree of vouchers
offered to low-income students in the Milwaukee lpubchools and compare, in a difference-
in-differences setting, their test scores with ghiwssimilar Wisconsin schools. They find
positive effects on public school test scores.i&ighd Hart (2010) study the effects of private
school competition on the test scores of publioetktudents in Florida. Utilizing a
scholarship program offered to low-income studémsttend private schools and variation
across regions in access to private schools, thdyttiat greater degrees of competition are
associated with greater improvements in studeess’scores following the introduction of the
program. Since the estimates in these U.S. stadesfor low-income students, their
generalizability to other groups is likely limitéd.

Our empirical approach, to relate the differengiawth in the share of independent-
school students to changes in average educatiot@mes across municipalities, is similar
to the approach used in Hsieh and Urquiola (2006) wtilize Chile’s voucher reform and
find no effect on educational outcomes. Howeveradvantage with our study is that we do
have access to outcome variables for several scobaolrts leaving compulsory school before
the reform was implemented. We are therefore ablest for the existence of differential pre-
reform trends in outcome variables across munitipeal If there was a higher demand for
private voucher school slots in regions where ity of public schools was deteriorating,
the “no-effect” estimates in Hsieh and Urquiola@@Pwould be expected to be downward
biased. Although they acknowledge and discussetttisnsively, they are not able to directly
test for this because they lack outcome varialdeghe school cohorts finishing primary
school prior to the reform.

There are a few previous studies that have look#ueaeffects of Sweden’s
independent schools on grades and test scores ahthof compulsory school (Ahlin, 2003,
Bjorklund et al., 2005, and Sandstrom and Bergst2005). The findings range from
statistically zero to very large effects. The figstedish study was Sandstrém and Bergstrom
(2005), which used individual-level data from 30niuipalities and studied the effects of the

share of independent-school students on averagegemnd math test scores for public school

% See Gill (2007) for a discussion of this literatur



students in 1998. Estimating OLS and IV models iy very large positive effects on math
test scores. They also perform an analysis usiggeggted data and examine the effects of
the private school share on average grades forehies 1992 and 1994-1997. Using OLS they
find significant positive effects, but for a spéwdtion with municipality fixed effects they

find insignificant effects. Ahlin (2003) uses indtlual level data from 34 municipalities in
1998. Estimating value-added models she finds ipesiind significant effects of the share of
independent-school students for tests scores ih matinsignificant estimates for test scores
in English and Swedish. Bjorklund et al. (2005) da&a on test scores for individuals from 30
municipalities and on grades for the total popolabf pupils for the years 1998-2001. They
estimate municipality FE models and find positiffees from the share of independent-
school students for English and Swedish, and migedlts for math.

However, we believe that we can significantly extand improve on the analysis in
previous papers in several important ways. Firstjaok at new and better outcomes.
Whereas previous papers have only looked at eftectgades and test scores at the end of
compulsory school, we are able to track the indiald over time and, hence, also study
medium and long-term effects (high school, uniwgrand years of schooling). In fact,
studying effects on long-run outcomes is an adggnt@mpared to almost all existing studies
of overall effects of choice and competitibWe also use improved measures of achievement
(covering almost 100% of the students) and of tagesof independent schooling (built on
the actual cohorts graduating from compulsory shh&econd, we study a much longer time
period, including 17 post-reform school cohortsvadl as 5 pre-reform school cohorts. We
use a large administrative data set of the wholedsst population of individuals born 1972-
1993 who finished compulsory school in Sweden betwE88 and 2009. Previous papers
have only looked at earlier and fewer post-refoearg. Because we aim to capture both
short-term and long-term general equilibrium efeaftindependent schooling, we need to
allow enough time before evaluation. It takes tiorandependent schools to be established,
for public schools to respond and become moreieffiand for students to be exposed to
several years of education in competitive schaatdefpendent or public). The data also allow
us to investigate whether there are systematierdifices in the trends in educational
outcomes between municipalities prior to the impatation of the reform, an important

issue which is not examined in the previous Sweslistlies’

® Hsieh and Urquiola (2006) look at effects on yeafrschooling, but for 10-15 year old children. Jhao not argue that this measure
reflects long-term effects, bidctors like age at entry, repetition, and drogmatterns.

" Hoxby (2003) writes that “one cannot test the higpsis that competition among schools will raisedpictivity by looking at choice
reforms that fail to introduce competitive inceretv’ Hence, “One must focus on reforms where: {apast a substantial share of a



3. Private schools, the voucher reform and the evo  lution of independent
schools in Sweden

Before 1992, pupils were assigned to, and requoedtend, the public school in their local
catchment area. The only alternative was to opbihar of the few private schools that existed.
However, these accounted for less than one peotéotal enrollment Most of these schools
were privately funded but some received state fugndviost importantly for this study, the
funding of the public schools was independent efrttmber of pupils enrolled in the private
schools. Hence, the few alternatives that existechot exert any competitive pressure on the
public schools. Moreover, these schools attractedheer special selection of pupils: they
were boarding schools (attracting a small seleaifaupper-class children); schools for pupils
with special needs; international schools (maiolyféreign pupils); Christian-community
schools; special pedagogy schools (e.g., WaldatfMontessori).

Through a parliamentary decision, a voucher refaas introduced in 1992. A non-
public school that decided to apply (and all ergtorivate schools did, except for a few
boarding schools) could receive approval (by the@sh National Agency of Education) to
become a voucher school. As a voucher school ttitests’ home municipalities had to
provide the school with a grant, equivalent to (tadsthe average per-student expenditure in
the public school system for each student who ahomenroll in the schodIThis new law
gave rise to a new type of non-public schools, épehdent schools,” whose existence
entirely depends on funding through vouchers. Baedlso meant that the resources devoted
to a public school in the student’s home munictgdliecame strongly affected by the choices
of the students, since a student’s choice of apgaddent school meant that the budget in the
student’s home municipality decreased by an ameguivalent to the vouché¥.

As mentioned above, to be eligible for public furglthrough vouchers, non-public
schools must be approved by the Swedish Nationahgygfor Education (NAE) to become
independent schools. These schools are alloweeMiateé from the national curriculum, but

student’s funding follows him from his regular pietdchool to his choice school, (b) choice scheals expand and regular public schools
can shrink, (c) choice schools do not depend (firadly or for operating authority) on the regulaubtic schools with which they are
supposed to compete. In addition, it is practioafocus on reforms (d) that have been in placeséweral years, (e) in which the regular
public schools could potentially lose more thamw percent of their students, and (f) for whichaexe data are available.” We note that in
our study, the setting and identification strategguch that all these requirements are fulfilled.

8 One has to go back to the 1920s, before the oreafifolkskolan to find a sizeable fraction of students in privathools in Sweden at the
compulsory level.

° The minimum required funding percentage has chthmyer the years. The school year 1992/1993, it 8fapercent, and in 1995, 75
percent. It was less than 100 percent becausesadtia costs involved for public schools regardipgcial education. In 1997, the system
changed yet again: the size of the voucher shasitally be equally large as the average cost ygit p the respective municipality. Since
1992, however, the guiding principle has alwaysteat public and independent schools should coenpeiequal terms.

9 Note though that the municipality budget includtiser social services as well (the school budgetaios about 40 % of the total
municipality budget on average) which means thertetlis possible for municipalities to redistribtesources to schools with low demand,
either by taking resources from other municipalljpugchools or from the budget for other socialvazms.



they must be open to all students. These schoelsairallowed to select students by ability,
socio-economic characteristics or ethnicity. Ith@l is oversubscribed, three selection
criteria for admittance are allowed: proximity teetschool; waiting list (where each child’s
place in line is determined by the date of the p&tepplication) and priority to children who
have siblings already enrolled in the school. Iraelent schools are not allowed to charge
any fees?! Hence, top-up funding by student fees over and@bize voucher is not allowed.
Local authorities can appeal against the applinatapproved by the NAE, but the number of
rejected applications has been srialhdditionally, there are no restrictions on the evship
structure of the independent schools eligible fasliz funding — whether religious, non-profit
cooperatives, or for-profit corporations. Hence, thgulation does not constitute a great
obstacle for new schools to enter the market aceive public funding.

The first wave of independent schools after 1998 pramarily made up of special
pedagogy schools and also some religious schodlpa®nt cooperatives. Some of these
existed as private schools prior to the reformdmutverted to voucher-funded independent
schools after the reform. We may denote this intave of independent schools as being
founded by idealists, and a non-profit organizati@s the typical owner at the time. After the
early reform years, most new independent schoale haen of a more general profile. These
new type of independent schools, similar to thdipwdzhools in terms of their educational
profile, have increasingly gained market shareaedhow the most common type. Contrary
to the first wave, they compete by other means tftming something that is distinctly
different from what is generally available in puabdichools. These schools were typically
opened up by principals or teachers from the pudadiwol sector or by for-profit school
corporations. School corporations started to eistatthemselves on the market in the late
1990s, and the number of schools run by such catipos has grown rapidly since then.
Today, the typical owner of an independent scheal joint-stock company. The number of
independent schools (with grade levels 7-9) hasased ten-fold since the reform, from 38
(3.8 percent of all schools) registered independenools in 1993 to 396 (22.3 percent of all
schools) in 2009.

" A small category of schools at the compulsory llés@nder a different regulation. These are 3tmdrding schools (Gréanna, Lundsberg
and Sigtuna) that exist outside of the voucheresysind charge high fees. We exclude students & thehools in all our analysis done in
this paper.

2 For instance, in 2000, there were 153 applicationstart an independent school at the compulsargl Ithe following school year. Of
these, 13 were rejected for reasons such as: fileaon was incomplete, the school was expeatedat provide sufficient educational
standard, or the owner was financially instableti®ge 13 applications, only 2 were denied becaiiaa expectation that this independent
school would lead to negative effects for the pubthools in the municipality (Swedish National Agg for Education, 2001). From 2010,
i.e., after our studied period, the number of mpes has increased significantly.



Let us briefly compare the Swedish school choistesy with that in some other
countries. First, the full financing of independsohools comes from the local government
(the municipality)® in the form of a voucher for each student thay titéract, which means
that the amount of resources available for puldimsls in the municipality is negatively
related to the number of students that choosettoutpand attend independent schools.
Public schools will react to economic pressurédytcare about revenues. For instance, since
there are fixed costs involved in running a schiesls resources will be available for teaching
if revenues decrease. This also means that p@alahers risk losing their job as the number
of students decreases. Hence, there are clearmemzentives for local public schools to
improve in Sweden. In this regard, Swedish indepatdchools share some similarities with
Chilean private voucher schools and those U.Stehschools that are funded by the local
school districts. However, U.K. GM schools aredli#nt in that they are funded directly by
the central government (as well as through donatitom sponsors). Hence, although GM
schools do compete for students with public schdbésy probably exert less direct economic
pressure on the neighborhood public schools (coaap@r what is the case with Swedish
independent schools) as the central government gmssibly redistribute money to keep
poor public schools open. Second, independent $£lao® more autonomous than public
schools (with respect to their budgets and thaenseh curriculum) just as is the case for the
Charter schools and the GM schoblié difference from the latter schools is that the
ownership structure of independents schools caretyediverse (from for-profit companies
to parent cooperatives). In this respect they ayeersimilar to the Chilean private schools.
Third, independent schools are not allowed to ahéegs or to select students based on
ability. Hence, we expect less impact on schooteggggion than what has been found from
the establishment of the Chilean private-vouchbosis™®

Figure 1 shows the evolution of the share of sttelenthe independent schools at the
end of compulsory school in Sweden between 1992808° The share of students in
private non-voucher schools before the reformpsasented by the dashed line. Only a small

3 A Swedish municipality is similar to a school distin the U.S. or LEA in the U.K. in that it ia¢ administrative economic unit as
regards to the schools located in the area.

14 Accountability of charter schools are also strarigan for independent schools, since once theg heaeived a charter (which is a license
to operate) they are contracted to follow theigiorally specified program and goals, and face hariglaof being closed down by a school
board.

% There are some additional differences that aréhatornotice when comparing the reforms in Swedwh @hile: First, whereas Chile had
a sizeable sector of private schools before thame{the private enroliment rate was about 20%@,rthmber of private schools in Sweden
were negligible prior to the reform (the private@ment rate was below 1%). Second, most of tieape schools in Chile were subsidized
also prior to the reform, and the per-student slybsbse from an average of 50% to 80% following teéfrm. In Sweden, pre-reform
private schools were only eligible for subsidizisrfi the central government) if they offered edimathat did not exist within the public
sector. The pre-reform private sector in Swedenesgagntially a small complement to the public stkector, and was never considered as
an alternative to the great majority of studentssAch, the potential competitive pressure on tiidiggschool sector was very limited.

'8 The share of independent-school students inclsieents from all voucher-receiving schools (inslgdnternational schools and those
special pedagogy schools for which we lack grades).



fraction of students, below 1 percent, attendedapei schools before the reform in 1992, and
this fraction was fairly constant until the reforAfter the reform, not much happened during
the first decade. However, beginning in the eafl§(% there has been a sharp increase in the
independent school share, and by 2009 it had iseteto approximately 11 percent. We also
note that previous Swedish studies used data éos¢hool cohorts where only a few percent
attended an independent school. The fraction dhrgnade students attending an independent
school was 1.6 percent in 1998 (the school cohussl in Sandstrom and Bergstrom, 2005;
Ahlin, 2003) and 1.6-3.1 percent in 1998-2001 (Bij@nd et al, 2005).

Figure 1: The share of private and independent school students 89-2009

year of voucher reform

.06 .08
1 1

.04
1

share of students

=e—ememe private schools independent schools

The establishment of independent schools has ddfgreatly across the 284
municipalities. In some municipalities it took muoimger to open independent schools than
in others, and in a large number of municipalitiesy still do not exist. Yet, other
municipalities have faced substantial increasesdapendent-school enrollment. In the 128
municipalities where at least one independent dowdth 9" grade students) existed in 2009,
the average independent school share was 14 petttembunicipality with the largest share

had 45 percent of its students in independent $shoo
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In Figures 2a and 2b, we present the distributicth@ municipality-specific changes in
the share of independent school students betweghdred 2009. Figure 2a shows the
distribution for schools in all municipalities, wieas figure 2b only shows the distribution for
the schools in the municipalities with at least ordependent school in 2009. The vertical
axis shows the proportion of municipalities in 20@¢h a certain change. From figure 2a, we
see that the share has not changed at all in manycipalities. The unaffected municipalities
constitute almost half of all municipalities butshéess than 25 percent of the total student
population. This is not surprising as the reforra had a small impact in more rural areas of
Sweden. However, within the other half of the mipatties there are municipalities with
both small and large changes over time (as illtesran figure 2Db).

Figure 2a: Histogram of the change in the share ohdependent school students 1992-
2009 across municipalities
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Figure 2b: Histogram of the change in the share ahdependent school students
1992-2009 across municipalities that had at leashe independent school in 2009
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This differential increase in the share of indemameschool students across
municipalities constitutes a useful source of waathat we can exploit to net out the time-
invariant factors that are related to both the ikelgpendent variable and the outcome. Thus,
if all of the determinants of independent-schoagbément are fixed municipal effects, we are
able to identify the effects of interest just byngsthe panel dimension of the data to associate
changes in the incidence of independent schootirap&nges in educational achievement.
However, there can also be relevant factors thatgh over time, and failing to control for
these can lead to both positive and negative hi&sesexample, if the demand for
independent-school slots is increasing in some onatities due to a trend of highly
educated parents moving in, this would likely l¢éa positive bias. On the other hand,
independent schools might tend to open up in asbase the public-school quality is
trending downwards, something which would instesatilto a negative bias. The former
(latter) issue would lead to an overestimate (uestenate) of the true impact of the share of
independent school students on average studerdroas: Because of these issues we include

controls for changes in municipality-average chimastics and examine the importance of

12



pre-reform trends in the outcomes. We also estimatgels where we only use the part of the
variation in the growth in the share of independafiool students that is determined by some

features of the municipality that were in placeatty before the reform was implemented.
4. Data and variable construction

Our data set consists of all individuals finishthg 9" grade of compulsory school (normally
at age 16) each year from 1988-2009 in Swedeninfbemation on school grades and
educational attainment is available for almospalpils from the nationwide registers. Test
scores from achievement tests conducted at thefetmmpulsory school are available for
about 95% of the students for the years 2004-20@9also have access to detailed
demographic information on the students and dath@educational and economic outcomes
of their parents. This data set provides informmaba the school attended and the region of
residence for each student (at the time"dbggade attendance) as well as for the regional
location of the schodf’ The school registers contain information aboubfthe schools in
Sweden, which allow us to identify whether a scheal public or an independent school.
Henceforth, we use the term school cohort to detiateohort of students who leave tfe 9
grade in a certain year.

We analyze the following outcome variables, allraggted over the students in a
school cohort in a municipality: the average tesrss in math and English at the end of
compulsory school; the average grade scores in amttenglish at the end of compulsory
school*® the fraction of students choosing a science tiatigh school; the average grade
scores in math and English after one year in Hajtosl (when courses in core subjects still
are mandatory for all high school students); tiaetfon of students completing at least 1
semester of university education (at age 22,wighin 6 years of leaving compulsory school);
and the average years of schooling (at age 24mdle the measures comparable, we

standardize both test and grade scores to peeatik score§’

" Note that information about which school a pugtiéaded in grade 1-8 is not available from Swedésfisters.

8 Math and English were taught at two levels priol 898. To make grades in these subjects compaaaties students we assume that the
grade at the lower (1 to 5) level equals the getdie higher (1 to 5) level minus one. This appéaibe a reasonable approximation if one
compares the math and English grades to gradesturah and social sciences, which were taught 8t one level. Using alternative
mappings do not alter the results. We do not etitlze grades in Swedish as a measure of schodrpenfice since separate classes and
grading scales are given to natives and some imttrégrant population, and the fraction of immigimtaking special classes has changed a
great deal over the years.

9 We first convert the individual score to a perdermtank based on the distribution of scores irheabject for each school cohort in the
whole country. We then use the average perceiatilk of each pupil as the main measure of individgaldemic achievement. It is enough
for a pupil to have grade in at least one of thre soibjects to be included in the calculations. fBason to use percentile rank instead of raw
scores is that we are forced to use grades frontifferent grading systems for th& grade (from a relative to an absolute systemistart
with the 1998 school cohort), where transformatibacores across systems not is straightforwardudiyg percentile ranks conversion, we
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In our main estimations, we use changes in thes®mme variables over time as
dependent variables, where the changes are cadulaim the last year before the reform
was implemented (school cohort 1992) to the last-peform year available in our data. Note
that test score data are mostly unavailable foosiotohorts prior to 200%. We therefore
instead calculate the change in average achievessehe difference between the average test
scores in 2009 and the average grade scores in A@AAugh the grade and test score
measures are not exactly comparable, we believéttisamuch less of a problem to use
grades prior to the reform compared to after tlierne The reason is that grades were then
standardized based on results on national testthahdchools did then not face any
competitive pressure and hence had little incesttganflate grades with respect to test
results. In fact, the grade system before 1998avatative system, meaning that the grades at
the time were directly connected to results onstaedardized national tests (in each main
subject) and that school-level deviations wereatiotved. Still, as a comparison and because
high school track admittance is entirely based rags, we also report results using the
change in the average grade scores in English atidl petween 2009 and 1992 as the
dependent variabfé.

The key independent variable is the share'bfi@de students living in a municipality who
attend an independent school inside or outsidentin@cipality’s borders. Those students who
choose to attend an independent school in anothercipality bring their voucher from the
municipality of residence. We calculate this meadar each year and municipality. All of
the variables are aggregated up to the municipgéigy level by school cohort and are hence
based on individuals residing in a municipalitytsg time that they leave compulsory school
no matter where they later live. Thus, we can ydalbbk at the overall impact of the share of
independent-school students at the compulsory feveéhe very same individuals later in life.
The key independent and dependent variables alistall in Table 1 along with sample
characteristics for the school cohorts 1992 an®20@l for the change between these two
years. As a comparison we also show sample chasditte for these variables at the student

level in the table.

use the distribution of scores for each school ddisccombine the two. For high school grades, nlg ase data from the same system. We
can therefore compare standardized estimates fsimg vaw scores and percentile ranks. We find semylar effect sizes.

20 standardized national tests were given to studkntag the whole period, but before 2004 dataesh scores were either only collected to
national registers for a stratified sample of mipdtties (and where the sampled municipalitiesdgity differed for each year) or not at all.
2 The possibility that subjective grade settingéschers and that differential grading standard$infigve developed between
municipalities with differential independent-schpenetration are examined in section 5.1.
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Table 1 Descriptive statistics

Student level

Municipality level

Graduation year 1992 2009 1992 2009 Diff: 2009-1992
Mean St. dev. Mean St. dev. Mean St.dev. Mean .de&t Mean St.dev.

INDEPENDENT SCHOOL VARIABLES

Share of independent school students 0 0 .107 .309 0 0 .057 .076 .057 .076

Share of independent schools 0 0 223 A7 0 0 .133 173 133 173

Share of non-voucher private school students r(gham) .008 .02 .0016 .0092

EDUCATIONAL OUTCOMES

Mean of math & English test score if §rade 49.9 25 49.5 22.6 48.9 3.65 47.3 4.73 -1.6 4.06

Mean of math & English grade at end 8fgrade 49.9 25 50.1 23.8 48.9 3.65 48.1 4.25 -.738 3.82

Academic track in high schdol .53 .50 .50 .50 .48 .10 44 A1 -.045 .092

GPA in high school, A-courses, all tratks 49.7 20.8 50.0 21.6 48.7 3.57 48.0 3.91 -.645 54.0

At least 1 semester of university studies at ade 22 212 .409 .235 424 .193 .055 .209 .052 .016 .05

Years of schooling at age 24 125 1.61 12.4 1.65 12.4 .228 12.4 .209 -.045 21

FAMILY AND DEMOGRAPHIC VARS, POPULATION SIzZE

At least one parent university educated .314 464 397. .489 .272 .085 341 .093 .069 .059

At least one parent high school educated .783 412 903 .296 .766 .065 911 .035 .145 .059

Log family earnings 11.9 .876 12.2 .937 11.8 .158 12.2 .164 331 114

Log family earnings is missing (unempl.proxy) .018 .131 .009 .095 .016 .012 .0085 .0081 -.0075 .013

2nd generation immigrant .046 .21 .089 .285 .034 .039 .052 .053 .018 .038

Immigrant .063 .243 .067 .251 .048 .032 .052 .027 .0044 .028

No of 9" grade students in municipality 920 .0011 1500 2100 346 446 419 677 72.8 247

PUBLIC SCHOOL CHOICE, SCHOOL RESOURCES, POLITICAL

VARS. AND PRE-REFORM MARKET OPPORTUNITIES

Share of students who choose another public s¢hanlthe one that .126 .075 .251 122 .089 .075 161 118 .072 .09

students in the same neighborhood typically attend

Log school expenditures per pupil 10.9 .094 11.2 .076 10.9 115 11.3 .103 .348 .103

Right-wing majority .252 434 .253 435 .331 AT71 .342 475 .011 .38

Coalition .35 ATT7 434 496 .229 421 .282 451 .053 .532

Pre-reform student base in 1992 -.0001 .182

Private school in municipality in 1992 .067 5.2

More than one public school in 1992 .673 A7

Notes:®The high-school variables are available for stusignaduating from compulsory school 1994-2006. §théstics for these two variables are based atests graduating from compulsory school 1994

and 2006 and who attend high sch8Bhe last cohort for which we observe universitydita at age 22 is the one graduating from compyisaitool in 2003 The last cohort for which we observe years of slihgo
at age 24 is the one graduating from compulsorgaidh 2001."The following control variables are not listed irettable (but belong to this set, and are inclidedl estimations where this set is included): Garof
student, Parent’s average age at birth of childtheis years of schooling; Fathers years of schgpliricator variables for missing parental schaglimmigrants’ age at immigration. Earnings ardezbmissing if

less than 20,000 SEK (about 2,500 USD in year 20@@s). Family earnings are the average of theafuime parents’ earnings when the child is 5 abdgdars old. Earnings and school expendituresxamessed in

year 2002 money valuéPre-reform student base in 1992 is a measure afethsity of students in relation to density of szikdn the area prior to the reform (defined inailéh section 6.1).
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The statistics for the change between 1992 and a69Based on unweighted
aggregated data for all municipalities, i.e., veatreach municipality as a “market” for school
slots. These figures are hence based on the ingdiv@haracteristics aggregated up to the
municipality-year (school cohort) level. The figgnel presents the independent-school
variables. We see that the share of independewnsstudents was zero before the reform in
1992. The share of (non-voucher) private schoalesits was 0.8 percent in 1992. Since these
schools did not compete with the public schoolthenschool districts (and because we lack
grades for these students), we ignore this fradtiaur main estimation<.Including them
has no impact on our estimates (see results irosegil). We see that the average growth in
the share of independent-school students is abpatd@nt (keep in mind that the change is
zero in more than half of the municipalities). Thismber is lower than the change in the
share of independent schools because the indepesalaols are, on average, smaller than
the public schools. The second and third panelseptehe statistics for the educational
outcomes and the family background and demograganitrol variables. In the last part of
Table 1, we show the statistics for some variatilaswe later use in our sensitivity analysis
(section 6.1.F

5. The effect of the share of students attendingi  ndependent schools on

average educational performance

5.1. Empirical setup

Our basic model expresses the relationship betaeerage educational performance and the

share of students attending independent schools as

(1) Yine= Ymt 0 HBPpye +AK e +emi

whereyn, represents unobservable municipality charactesishiat are constant over time;
represents unobservable school-cohort charactsritat are constant across municipalities;

Xm: 1S @ vector of municipality characteristics (awgaemographic and family background

characteristics, as listed in Table 1, and the ramobstudents); anB,,, is the share of

22 Hence the share in 2009 is the same as the cliartigis share between 1992 and 2009 since no vedihded private schools existed
before the reform.

2 We thank Per Pettersson-Lidbom for providing ughwidata on political majorities in municipaliti€Bhe political majority variables are
lagged 3 years.
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students attending independent schools in munitjpal at time t. Note thak,,, = 0 for the
school cohorts graduating before the reform becthesendependent schools then did not
exist.

To eliminate unobservable municipality specific idtderistics, we take the difference

of (1) expressed for a post reform and the last@i@m cohort. This generates

(2) AY,, =CHBAP, +NAX , +As

Focusing on the last post-reform cohort for whietadare available, we have tiadf,

denotes the change in the average educationalroatbetween the last pre-reform school
cohort in 1992 and the last available post-refochos| cohort’, which is 2009 for the
compulsory school test and grade scores, 200G &atademic track and high school grades,
2003 for university attendance and 2001 for yeassbooling for studentesiding in
municipalitymin those yearsAP,, denotes the change in the share of independeabisch
students residing in municipality between 1992 and the last available post-refolmac
cohort;AX,, denotes the change in the vector of municipaligrabteristics in municipalitgn
between 1992 and the last available post reforrma@atohort and is included to correct for
changes in the composition of students; Ang is a random error term.

The key identifying assumption to arrive at a cet&sit estimate @3 using OLS on (2)
is that, conditional oAX,,,, Cov(AB,,, As,,) =0 holds. Hence, changes in the unobservable
factors (that impaatY,,) between 0 and t' should not be correlated withdhange in the
share of students in independent schools between @ ** We investigate a number of
threats to the identification below. Since the timeant (the share of independent school
students) is defined at the municipality level @edause we are interested in how the typical
student in each municipality is affected (and hetaverage student in the country) we give
each municipality equal weight in the estimatiofs.it turns out, weighting by the number of
students in each municipality has little impactioa estimates.

There are two main reasons why we have chosermmatey,, by taking first
differences over the entire period (instead of gisith school cohorts and estimating equation
(1) directly). First, we want to use the variatmrer the entire period because there has been a
consistent growth in the share of independent ddtadents over time (see figure 1).

Second, because we aim to capture long-term geagudibrium effects of independent

24 Note that sinc@,,, = 0 for pre-reform school cohorts, we get th&, = P,,.,, where t’ is the last post-reform year. Hencés gufficient
if Cov (P, Agm)=0.
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schooling we believe there it is necessary to allsvwnuch time as possible before
evaluation?®We also note th4 in model (2) is the difference-in-differences esttor (where
we have allowed for variable treatment intensitynaBuflo, 2001), comparing changes
between municipalities over time from the last prm year to the last post-reform year
t .26

One main worry is that the pre-reform trends varg way that can bias our estimates.
For instance, if independent-schools were moréylitebe established in municipalities with
failing public schools, the estimation of model ¢2)l lead to a downward-biased estimate of
B. Of course, one could think of alternative scersawhere differential pre-reform trends lead
to overestimates @f. We therefore perform counterfactual estimatiohens we regress the
change in our outcome variables before the refoas wplemented on the growth of
independent-schooling after the reform was implaegknf an association exists, we interpret
it as evidence of pre-reform trends varying systarably across municipalities, which would

produce biased estimates in our main regressioesedimate:

(3) A:)_’m,prezc""B’Apm"')\,AXm"'Agm,pre’

whereAY,, ... denotes the change in the average educationairoatbetween 1988 and
1992 for the studentgsiding in municipalityn during those year&P,, andAX,, are the

same variables as in equation (2); aag, ,,,. is a random error term.

5.2. Main Results

We start by associating the change in our educaterformance variables with the growth
in the share of independent-school studentswegstimate equation (2). Table 2 reports the
results from estimating two different versionstutmodel. We show estimates from models

without any controls in column 1 and with contrisi<olumn 2.

% A potential drawback with estimating (2) instedd) is that we cannot control for post-reform rimipality specific trends. However, we
test for, and reject, the importance of pre-refenunicipality specific trends below (i.e., we tekthe key assumption in difference-in-
differences models hold). We believe that it wdbédproblematic to control for post-reform municifyairends as we then would compare,
not changes in levels over time, but instead changslopes over time. It is unclear why this wolbi&a more relevant source of variation.
% |n an earlier version of this paper (Béhimark aimlahl, 2008) we did use all school cohorts artiivegted equation (1) directly using
individual level data (controlling for municipalifixed effects to take into account unobservabledimunicipality characteristics). This
approach is more efficient given that the assumpticstrict exogeneity for all t hold. However,iagses year-to-year variation in the share
of independent school students within municipalitieis also more sensitive to measurement error.
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Table 2: OLS Regressions of changes in the shareinflependent-school students on
post- and pre-reform changes in overall educationadchievement

Main Estimations: Counterfactual Estimations:
Post reform changes in outcomes Pre-reform changes in outcomes

1) 2 3) 4)
Educational performance outcomes
Test scores in English and math 16.95 17.93 NA NA
(2.69)** (2.69)**
R2 0.10 0.28
Grades in English and math 14.44 15.76 -2.60 -3.80
(2.60)** (2.55)** (1.98) (2.38)
R2 0.08 0.28 0.00 0.06
Academic track in high school 0.25 0.19 0.11 0.10
(0.12)* (0.13) (0.06)+ (0.07)
R2 0.02 0.07 0.01 0.05
Grades in T-year courses in 20.26 17.47 NA NA
English and math in high school (3.40)** (3.83)**
R2 0.08 0.17
At least 1 semester of university 0.16 0.19 0.03 -0.02
studies at age 22 (0.05)** (0.06)** (0.05) (0.07)
R2 0.02 0.17 0.00 0.13
Years of schooling at age 24 0.73 0.64 -0.21 0.10
(0.33)* (0.35)+ (0.34) (0.37)
R2 0.01 0.17 0.00 0.09
Controls
Changes in municipal contréls NO YES NO YES

Notes: Number of municipalities in all regressions are .Z&hanges in municipality averages of demographic fandly
background variables: parents’ earnings; pareiistation; parents’ age; immigrant status; parantsiigrant status; size of
the student population (see Table 1 for details}tfPeform changes in test scores and in all othgables are calculated for
1992-2009 when test scores and grades are the diapterariables. Post-reform changes in the higleachariables and in
all other variables are calculated for 1994-200@mthe high-school variables are the outcomes-feémtm changes in “At
least 1 semester of university studies at age 2#'ia all other variables are calculated for 19922 when “At least 1
semester of university studies at age 22" is theame. Post-reform changes in “Years of schoolingge 24" and in all
other variables are calculated for 1992-2001 whéeats of schooling at age 24" is the outcome. Bferm changes in the
dependent variables are calculated for 1988-199Buftcstandard errors are in parentheses. + signifiat 10 percent; *
significant at 5 percent; ** significant at 1 pente

The baseline results in column 1 provide consistgrasitive effects for the share of
independent-school students on the educationabméa/ariables. A 10 percentage point
increase in the share of independent-school staderbmpulsory school is associated with
1.7 percentile rank higher achievement at the érmdmpulsory school. Interestingly, the

effects also remain positive and significant aftempulsory school. A 10 percentage point
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increase in the share of independent-school stadecriease the fraction with an academic
track in high school by 2 percentage point, themragh-school grades with 2 percentile
rank, the fraction attending university by almogte2centage points and the average years of
schooling by almost 4 week§If we convert these estimates to effect sizesfimeethat a 10
percentage point increase in the share of indepesddool students increase both the short-
and long-run outcomes by about 4-5% of a 8.D.

In column 2 we extend the baseline specificatiomdging changes in the municipality
averages of demographic and family background otnaver time?® It is notable how much
these variables increase the share of explaineatizar in the outcome variables (for
instance, Rincreases from 0.08 to 0.28 for grades) at theesame as they barely affect the
magnitude of the estimates. We conclude, first, i estimates are unaffected by
composition bias and, second, that any remainiag ini the estimates after these controls are
added must be due to factors not captured by tresables.

We report estimates from model (3) in columns 3 4iod Table 2. Reassuringly, these
estimates are typically small and statisticallygngicant. Hence, we find no evidence that
independent-school enrolment has increased moreinicipalities where the educational
performance of public school students changed duohg the last five pre-reform years.

This result is very important because one migheekmdependent schools to primarily be
established in municipalities with failing publicheols. Reassuringly, nothing in these
estimations supports this assertion. This findgglso consistent with what we learned from
our interviews with the four leading school com@aniunning independent schools in
Sweden. The performance in public schools was densil to be a criterion for opening up a
new school by only one out of the four school congs, and it was ranked as a less

important on€® We have also, in addition to running these codiatéual estimations, simply

27 In Béhlmark and Lindahl (2008) we in addition uské outcomes “Observed with grade marks fréhggade”, “Observed with grade
marks from high school” and “GPA at end & ar in high school (if academic track=1)". If wee these outcomes in model (2) we get the
following estimates, respectively: 0.005 (0.014)16 (0.112); 13.70 (5.82). It is interesting tdenthat effect on “GPA at end of Jear in
high school” for the selective group of student©whoose an academic high-school track is of simsilze as for the other grade outcomes
that are based on (almost) all students at the utsory level and the®1year in high school. We also note that there arstatistically
significant effects on the probability of being ebsed with grades at the compulsory level or ah lsighool.

% We convert the estimates in column 2 of Table 8temdard deviation (S.D.) units by dividing théireate by the S.D of the variables
(using the variation across all individuals as regm in Table 1). However, as the estimates fodegaand test scores are scaled into
percentile ranks we first need to apply the inverfsithe standard normal distribution to convert pleecentile rank to a point on the standard
normal distribution. These resulting effect sizespérted in the text) are about 60% of those obthly simply dividing the estimates with
the standard deviation.

2 The most important controls are typically the aein the fraction of students that are immigramtg the change in the average years of
schooling of fathers.

% we performed interviews with leading representtifor the 4 largest Swedish school corporationshat compulsory level
(Kunskapsskolanvittra; Pysslingen Ultra). We asked what municipal characteristics are iapd when they consider opening up a new
independent school. The answers we got clearlyt @bitwo main factors. The attitudes to independehbols among local politicians’ and
voters’ are considered as most important. The skowain factor is the potential market share inrthumicipality, as determined by the size
of existing public schools, population density dmel number and size of existing independent schools
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included the change in the grades between 1988292 as an additional control variable in
estimation of model (2). When this is done, thénestes remain virtually unchanged.

6. Further analysis
6.1. Sensitivity analysis

Although we have already seen that our estimatesa@trdriven by composition bias or by
differential pre-reform trends, we now investigateumber of other issues that might affect
the credibility of our estimates. We first considéferential grade inflation, and present
results in table 3. We than consider other isswbsye we report the baseline estimates in
column 1 of Table 4 and Table 5 (identical to teéneates reported in column 2 of Table 2)

and then sequentially report the estimates froeraditive specifications and models.

Differential grade inflation In Sweden, the average grade scores determinetadotto
specific high school programs whenever there iexaess demand for slots. Although the
scores on the national standardized tests guidiefithers’ grade setting in some core
subjects (math, English and Swedish), the concetimait differential grading standards might
have developed in municipalities with more or fewelependent schools. We might expect
the schools to compete for students not only wigitguality education but also by inflated
grades. However, there are several reasons whyelievé this is not important for the
interpretation of our estimates. First, if diffei@hgrade inflation is important, we would
expect to see larger estimates for grades thaegoscores in our main estimations. It can be
seen from Table 2 that the grade and the test sstirates are very similar Second, if
differential grade inflation drives our resultsla end of compulsory school, they would be
expected to fade in importance when looking at4ostpulsory school outcomes. However,
as is evident from Table 2, we find positive eféealso for high school grades and university
attendancé? Third, because the standardized national tests @y given in some core

subjects, we would expect grade inflation to beersavere for subjects without these tests.

31 The National Agency for Education distribute natibstandardized tests as well as issue guiddiine=achers that spell out the specific
criteria a pupil must meet in order to qualify focertain score. Even if one can argue that evaritseon tests can be manipulated (as the
tests are corrected locally), it is unreasonableel@ve that it should be equally easy for teashercheat when correcting tests as it would
be for them to set inflated grades.

%2 One might argue that also these effects coulddiesictly affected by grade inflation at the endtefpulsory school (as the prevalence of
independent schools at the compulsory and highasdbwel is positively correlated and if there eéxggade inflation at the high school
level). However, if we include the share of indegiemt-school students at the high-school level esngrol variable the estimates for post-
compulsory school outcomes are unaffected.
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We therefore follow the same approach as in Vlag@030) and construct a measure of the
difference between students’ grade scores in stdygthout national tests and grade scores
in subjects with national tests. The idea behimgltieasure is that grades in subjects that
have regular tests are determined using a moreougabjective knowledge assessment than
grades in subjects without these tests (in whielhgtlades are determined using a more
subjective assessment). It is reasonable to befiatehe teacher in the latter type of subject
more easily succumb to pressure to give generadegrthan teachers in subjects where
students' achievements are regularly tested. lerdodtest the hypothesis that this pressure on
the teachers to set generous grades is strongeeas with more school competition, we use
the measure proposed in Vlachos (2010) as an oeteanmble in model (2). The results are

shown in Table 3.

Table 3: OLS Regressions of changes in the shareinflependent-school students on
post-reform changes in overall grade inflation

1) 2)
Grade inflation outcome
Difference between grades in practical -5.08 -4.90
subjects/arts and subjects with standardized (2.90)+ (3.44)
national tests (math and English)
R2 0.01 0.09
Controls
Changes in municipal contréls NO YES

Notes:® Changes in municipality averages of demographicfamily background variables: parents’ earningsepts’
education; parents’ age; immigrant status; paremisiigrant status; size of the student populatsme(Table 1 for details).
Robust standard errors are in parentheses. + signifat 10 percent; * significant at 5 percentsignificant at 1 percent.

We find a statistically insignificant associatiogtWween the change in average “grade
inflation” in the municipality between 1992 and 208nd the change in the share of
independent-school students between the same Veangthing, the negative point estimates
indicate that there is less grade inflation in aneith more independent-school studetité/e

therefore conclude that differential grade inflataoes not drive our positive results for

3 This analysis is inspired by Vlachos (2010). Besithis measure of grade inflation, he also useslifference between grades and test
scores to analyze the issue whether school congpetéads to grade inflation. He finds that theseno difference in grading standards
between public and independent schools and thettefbf competition from independent schools odgiaflation is positive but small. He
concludes that this effect is so small that it almost seem trivial. He stresses, however, thaétiseuncertainty due to the fact that there is
no perfectly objective measure of knowledge to caraghe grades with. The results in Vlachos (2@t8)very much in line with what we
find. The small differences that we can observepatentially due to the fact that 1998 is the fiystr that is included in his analysis,
whereas our analysis departures at 1992 whicleitast pre-reform year.

22



educational achievement outcomes. As we will sé@b@n section 7), this conclusion is
further strengthened when we perform estimationgyugata from TIMSS.

Effects of choice between public schools the early 1990s, choice among public schools
became an additional option to students, parallété¢ voucher reformwith free choice
between independent and public schools. In ordekémine whether our estimated
independent-school choice effects are confused efiéitts from choice between public
schools, we constructed a variable that aims ttucaphis potential latter effect: the share of
public school students who chose to attend anghiglic school than the students living in
the same neighbourhood (SAMS) typically attendsMariable is defined at the municipality
level, and summary statistics are shown in thedastl of Table 1. Our measure indicates
that as many as 13 percent opted for another pstiiool in 1992, a number that is most
certainly overstated due to measurement éfrblowever, we note that this fraction was
constant during the pre-reform years and if thesueament error remained constant in the
post-reform period, it would be a municipality ftkeffect and hence netted out in our
regressions. We can note in the table that theesifastudents who opt out to another public
school almost doubled between 1992 and 2009. &hye lincrease is somewhat surprising
since the students who live closest to the schaeé Ipriority, and choice is restricted to
empty slots.

Next, we add in our main regression model thisr@bior changes in the degree of
choice among public schools in the municipalitye Tasults are reported in column 2 of
Table 4. It is very comforting to see that theraates are barely affected. We also note that
the coefficient estimate (standard error) for thargye in public school choice is 4.83 (2.57)
for the test scores in column 2, indicating thatremmease in public school choice has an
independent positive effect on test scores. Theesponding estimates are all positive (and

sometimes significant) for the other educationafqrenance outcomes>

34 We cannot perfectly observe the share of studentschoose another public school than the assigeigghboring school since we lack
information about schools catchment areas. Butre@hle to construct a proxy variable based orinfeemation on which neighborhood
(SAMS-area) a puplil lives, the school he or shenals and the typical school attended among studdmtdive in the same neighborhood.
Admittedly, this variable is measured with errarca the catchment areas of schools do not alwasdagvwith neighborhoods. This is
underlined by the fact that the share of studehis attended another public school than the tyminal before the reform (nearly 13 percent
all 5 pre-reform years) is probably too high if tigpical school always were the assigned schoolvév¥er, we do expect this share to be
greater than zero since individuals with very sple@asons could get permission to change schsoledfore the reform.

% The share of students actively choosing anothkligpschool is a variable (just as school expemdiper student which we
include below) that is probably endogenous to tieres of independent school students and is thexdabntrol variable in
our regressions. However, we include it as a geitgitheck anyway to see if the coefficient estimdor the share of
independent school pupils change compare to whismibt included. If estimates are unchanged weritifat the evolution
of the share of independent school pupils and tlaeesof public school students making an activaaghare weakly enough
associated so as to not affect the estimate foshihee of independent school pupils. Of coursehawe no way of knowing
what the evolution of the share of independent schopils would have been have choice between pualools not been
allowed.
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Effects of school decentralizatiorAnother major change that occurred in Swedish
compulsory education in the early 1990s was themtealization of schooling from the state
to the municipalities. The municipal governmentsev@sponsible for the supply of
compulsory education before this reform as welt, dmhooling was tightly regulated by the
central authorities. Following the decentralizatieform, the municipalities were given much
more freedom over funding and organization. Thdrakauthorities set targets for
compulsory school, but the municipal authoritiegenenuch freedom in how to reach these
goals. We have shown that the pre-reform trendsudent achievement were similar across
municipalities irrespective of subsequent diffel@nthanges in independent schooling. One
might argue that such parallel trends are expeantadstrictly centralized school system in the
absence of major compositional changes over timiethios result is reassuring for our
identification strategy nonetheless.

The worry with the decentralisation reform is teatne municipalities might have
begun to invest more in their schools and becartterbeguipped to operate schools
compared to other municipalities after the reformd that this also impacts the differential
change in independent schooling across municipalitiowever, it is important to note that if
the management of public schools is affected byamase in the share of independent
school students this is a mechanism and sometheéngamt our estimates to reflect. Bias
could arise if changes in management affect thagd®in outcomes as well as changes in
independent schooling within municipalities. A davard bias is expected if larger fractions
of students choose independent schools in munitgsaWwhere the quality of public schools
is falling due to poorer management over time leyltical government. A downward bias is
also expected if a smaller fraction of studentsoskeandependent schools as a consequence of
successful management of public schools that igalpetential, but not realized, competition
from independent schools. A positive bias is exgubdt municipality governments that
improve their management of their schools also terattively encourage competition from
independent schools.

We first consider the potential issue of changasamagement practices that generates
differences in investments per student. We hava dathow much each municipality spends
on compulsory schooling per student each year let893 and 2009. The summary
statistics for this variable are shown in the [zstel of Table 1 (see the note to Table 8 for a
description of this measure). We observe thatdetbxpenditures per pupil” has increased
substantially in real terms over time but thatdispersion between municipalities is,

surprisingly, virtually unchanged. We then add ttosatrol for changes in the municipal
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school expenditures per pupil to the main regressiodel in an effort to control for the
consequences of the decentralization of schooh@img. The estimates, shown in column 3
of Table 4, are largely unaffected. This findinyé&y reassuring.

We next consider the possibility that changes énahility of local authorities to operate
schools not only is reflected in changes in spemgir student® First, we note that if the
decentralization reform has yielded differentiahils in management ability that are also
impacting the differential increase in independsaitooling, we expect our baseline estimates
to be affected when we control for changes in thiopalities’ compositions. As was
shown in Table 2, the estimates remain very simiaen we add a detailed set of controls
that substantially increase the share of explauagthtion in the outcome variables. As we
will see below, the estimates are also not semsitcontrolling for political majority
variables or for variables measuring initial (pe¢erm) compositional differences between
municipalities. Second, the estimates are simila@mwwe use measures of the potential
market opportunities in the municipality, as detewd before the reform, to instrument the
share of independent school students (see beldwg.fihding indicates that unless potential
market opportunities are correlated with the consaqes of decentralization, any effects of
decentralization do not bias our main estimategd] lwhen we control for county fixed
effects, our baseline estimates are not substirditiécted. Because decentralization effects
are likely to be more similar within counties tHagtween counties, this finding provides
further support that such possible effects areohgteat importance in our baseline estimates.
The robustness of the results makes us much lesgd@about the potential influence from
unobserved decentralization effects.

Endogenous policy responsBlon-socialist local governments are generallynilieer toward
independent schools than socialist local governmditis is a fixed effect in municipalities
with stable majorities, but possible changes imigmis can be proxied for by controlling for
changes in the local political majority. Note tpatitical majority shifts are also potentially
endogenous since establishing independent schaghs mpact voting behaviour. In column
4 we show what happens to the estimates if we amhiol for changes in political majority.

We find that the baseline estimates remain uncltange

% One example of such change might be in the atilityire good principals and improve the screemihgew teachers in schoolEhis is
something that might have become increasingly itgmorover time as there has been a decline sireeedhly 1990s in new subject
teachers’ cognitive and social abilities as weliratheir high school GPAs (see, Gronqvist and k&s; 2008).
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Table 4 Regressions of changes in the share of ipgmdent-school students on changes in overall eddicaal achievement, robustness checks |

Number of municipalities: 284

1) (2) 3) (4) (5) (6) @ (8)
OoLS OLS OLS OLS OLS IV: Share of indep. IV: 1992 market IV: 1992 market
Educational outcomes: schools opportunities | opportunities Il
Test scores in English and math 17.93 16.66 17.79 17.76 13.65 24.05 18.16 22.74
(2.69)** (2.58)** (2.70)** (2.68)** (3.07)** (5.36)* (12.65) (11.07)*
R2 0.28 0.30 0.31 0.29 0.34 gt sta0=1 45 99 prststag—g 77 pirststag=4 g4
Grades in English and math 15.76 15.09 15.57 15.56 14.48 20.12 7.63 17.62
(2.55)** (2.50)** (2.58)** (2.52)** (2.89)** (5.66)* (15.63) (10.30)+
R2 0.28 0.28 0.30 0.30 0.33 Mt sta9=145 99 pretstee=g 77 Fretsteo=4 94
Academic track in high school 0.19 0.20 0.17 0.19 0.11 0.22 0.04 0.29
(0.13) (0.14) (0.13) (0.13) (0.14) (0.25) (0.45) iry)
R2 0.07 0.07 0.10 0.07 0.12 "t st29-130.35 pretse9=24 03 Fretsta9=10.89
Grades in -year courses in 17.47 16.87 17.07 17.45 14.84 23.44 22.37 25.12
English and math in high school (3.83)** (3.93)** (3.81)** (3.80)** (3.97)** (8.74)y* (12.47)+ (11.84)*
R2 0.17 0.17 0.17 0.18 0.24 figt sta0=130.35 Frtsta0=54 03 Frstsiag=10 89
At least 1 semester of university 0.19 0.20 0.19 0.20 0.18 0.11 0.12 0.22
studies at age 22 (0.06)** (0.06)** (0.06)** (0.06)** (0.06)** (0.18) (0.22) (0.19)
R2 0.17 0.17 0.17 0.18 0.27 "t S9=50.15 Fretsta9=33 46 Fretsia9=14 60
Years of schooling at age 24 0.64 0.67 0.63 0.65 0.82 0.95 -0.09 0.18
(0.35)+ (0.36)+ (0.34)+ (0.35)+ (0.42)* (0.812) (18 (1.08)
R2 0.17 0.17 0.17 0.17 0.26 "t st29=86.40 pretstag=g 13 Fretsee=10.77
Controls
Changes in municipal contréls YES YES YES YES YES YES YES YES
Changes in public school choice NO YES NO NO NO NO NO NO
Changes in school costs NO NO YES NO NO NO NO NO
Shifts in political majority NO NO NO YES NO NO NO NO
1992 level of municipal controls NO NO NO NO YES ON NO NO

Notes:? Changes in municipality averages of demographicfamily background variables: parents’ earningsepts’ education; parents’ age; immigrant statasepts’ immigrant status; size of the student

population (see Table 1 for detail¥Jhe 1992 Market opportunities variable used astnsents in column (7) is: Pre-reform student based92 “The 1992 Market opportunities variables used asiments in
column (8) are: Pre-reform student base in 1992af& school in municipality in 1992; More than gneblic school in 1992. Robust standard errorsraparentheses. + significant at 10 percent; *ifigant at 5
percent; ** significant at 1 percent.
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Table 5 Regressions of changes in the share of ipgmdent-school students on changes in overall eddicanal achievement, robustness checks Il

@) ) ®3) 4) (5) (6) (@) (8) (9) 100
Baseline Pre-reform Changes Only munic. Only munic.  Local labor-  County-level ~ Weighted Pre-reform Pre-reform
share of 1993-2009 with no with market estimation estimation level of level of
private private school independent estimation controls controls
Educational outcomes: students before the schools in including + Including
control reform 2009 GPA county-FE
Test scores in English and 17.93 17.33 17.28 17.90 14.28 16.50 21.93 14.47 8.57 9.40
Math (2.69)** (2.76)** (3.07)* (2.99)** (3.15)** (6.09)* (6.25)** (2.17)*= (2.61)** (3.43)*
R2 0.28 0.28 0.34 0.27 0.42 0.20 0.32 0.49 0.59 0.43
Grades in English and math 15.76 14.94 16.99 16.03 14.37 14.34 18.52 12.96 9.20 11.03
(2.55)* (2.54)* (2.93)* (2.90)** (2.91)* (5.32)* (6.42)** (2.02)** (2.35)** (3.17)*
R2 0.28 0.28 0.35 0.27 0.40 0.22 0.25 0.47 0.64 0.43
Academic track in high school 0.19 0.18 0.19 0.12 0.17 0.09 0.80 0.14 0.10 0.05
(0.13) (0.14) (0.13) (0.16) (0.17) (0.24) (0.27)** (0.16) (0.14) (0.15)
R2 0.07 0.07 0.07 0.06 0.14 0.14 0.27 0.17 0.12 0.20
Grades in T™-year courses in 17.47 17.16 1751 16.68 16.12 0.90 28.73 17.22 15.05 7.95
English and math in high school (3.83)* (3.89)* (3.86)* (4.34)* (4.40)* (10.77) (11.26)* (3.55)* (4.08)** (4.57)+
R2 0.17 0.18 0.16 0.17 0.30 0.29 0.17 0.29 0.24 0.34
At least 1 semester of 0.19 0.21 0.17 0.20 0.19 -0.12 0.35 0.20 0.17 0.11
university studies at age 22 (0.06)** (0.07)* (0.07)* (0.06)** (0.06)** (0.17) (0.14)* (0.05)** (0.06)** (0.07)
R2 0.17 0.18 0.09 0.17 0.32 0.28 0.10 0.26 0.29 0.43
Years of schooling at age 24 0.64 0.66 0.35 0.59 0.71 0.86 1.64 0.60 0.75 0.49
(0.35)+ (0.43) (0.64) (0.40) (0.39)+ (0.93) (0.77)* (0.35)+ (0.45)+ (0.42)
R2 0.17 0.17 0.10 0.16 0.23 0.25 0.08 0.18 0.33 0.39
Changes in municipal contréls YES YES YES YES YES YES (LLM) NO YES YES YES
Number of municipalities 284 284 284 265 127 109LL 24 counties 284 284 284

Notes:* Changes in municipality averages of demographicfamily background variables: parents’ earningsepts’ education; parents’ age; immigrant stgtasents’ immigrant status; size of the student
population (see Table 1 for details). Robust stethderors are in parentheses. + significant ater@emt; * significant at 5 percent; ** significaat 1 percent. All regressions are estimated witls OL
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Time-varying coefficientsTo arrive at equation (2) we need to assume tleatdlefficients

in equation (1) are constant over time, which meeans from the last pre-reform years in
1992 to the last post-reform years for which dateaavailable (from 2001 and up to 2009
depending on the outcome analyzed). We might wibiaty/the coefficients are not constant in
(1) because we base the first differences on atiomg period. If coefficients are not constant,
we need to modify equation (2) to a model wherénawe added the control variables
measured at the start of the period (i.e., in 1892 )ast pre-reform year), generating the

modified version of (2§

(2) AY, =0+BAB, ANAX y + @ X o HAE

whereX,, , denotes the measures of the characteristics @ésts residing in municipality

in 1992 and its inclusion follows from allowirg to vary across cohorts. It is straightforward
to addX,, , to the model that we estimate. The estimates, sliowolumn 5 of Table 4, are
slightly smaller for most outcomes, but never statally different from the estimates
reported in column 12

Measurement error in the independent-school variald Even though we use register data
of high quality, the fraction of students attendindependent-schools might not be
completely free from measurement error. To takeigsue into account, we use the fraction
of independent schools in a municipality (with t&jlevel compulsory school) as an
instrument for the share of independent schoolesttsd Hence, this IV-estimate makes use
of the variation in the change in the share of gatelent-school students that is due to
changes in the share of independent schools betb@3¥hand the latest available post-reform
year>® This alternative measure of the size of the inddpat school sector in a municipality
is more supply-side oriented and shifts only whew schools are opening up or old ones are

closing down (and, hence, it is not affected byr@neased demand for independent-school

7 1f we reformulate (1) with time-varying coefficienon the covariates, we g&t,= ym+o+BilP+MX e +em. Taking first differences then
produce model (2) whergis a constant ang=\-Ao=A\, so that if the impact of the covariates are ungkd over time we have that=

0. Since, the share of independent school studezero in 1992, we have tHat=p. Hence equation (2) is generateg i 0. Note that

Xmo is included in order to adjust for differencesaseline municipality characteristics before tHferra was implemented, just like would
be done in a difference-in-differences model wiggorip characteristics differ before treatment.

% The municipality characteristics in 1992 that #webest predictors of the growth in the sharedépendent-school students between
1992 and 2009 are the fraction of parents with ensity education, the mean family income, the feencof immigrants in the municipality
and the size of municipality (all entering with fing sign). Notably, if we further add the leveldachange of average pupil achievement in
public schools in the municipality prior to theagh among the X-variables, both are found to havempact on the growth in the share of
independent-school students.

% The share of independent schools is lagged theaesyn the estimations. Hence, we assume thagrstuthat leave compulsory school in
year t are affected by independent-school operngsars earlier. This is reasonable since if sttedgnitch schools, they typically do so at
the start of stage 3 (i.e., grade level 7).
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slots given the existing independent schools). &tausion restriction is that new
independent schools should not affect educatiomdbpmance over and above the impact on
the share of students attending the independenbi:hThe estimates are shown in column 6
of Table 4. Although the size of the estimates tgastreases, they become less precise and
are never statistically different from the OLS esttes in column 1°

Omitted variables We have already shown that observable charactsriatid differential
pre-reform trends in the outcome variables do et bur estimates. However, there might be
time-varying unobserved factors that cause sharkset demand for independent-school
slots, and these factors might also be correlatddaverage educational performance.
However, if these factors are uncorrelated withadnisal supply determinants, the latter are
valid instruments for the growth in the share afdpendent-school studefitsive use the
following pre-reform variables, all aimed at cajtgrthe opportunity to establish
independent-schools in the municipality (“markeporgtunities”), as instruments for the post-
reform change in the share of independent-schadksits:

1) A measure of “the density of students in relatomhe density of public
schools” in the municipality prior to the reforfiThe arguments for why this measure
will have a (positive) impact on the share of inglegeent-school students are as follows:
First, the independent-school companies shoulddre mterested in opening up
schools when the opportunity to attract studenksgbker, which is the case if the public
schools are less prevalent in relation to the dgws$istudents in the municipality. This
argument is supported from our interviews with ldeeding school companies. These
companies considered the potential market shateeimunicipality to be one of two
main factors that are important in the decisiongen up a new school. Second, the

Swedish National Agency for Education (NAE) whicttermines whether to allow

40 The reduced form estimates are as follows (whegeotder of the outcomes is the same as in the)tabiB9 (1.35); 5.34 (1.51); 0.08
(0.05); 5.13 (1.69); 0.02 (0.03); 0.12 (0.09).

“L A related situation is if changes in average etioical performance in the earlier years after #sferm (generated by some exogenous
shock) affects the growth in the share of indepehdehool students in the later years after thermef However, by using instruments that
are determined prior to the voucher reform, theegetied IV estimates are not biased because ofabithese IV estimates only use the part
of the variation in the change in the share of petelent school students that is due to variatidheése historical instruments). This is also
likely to be more of an issue for the estimatesgishe longest possible post-reform period, contbtwevhen we look at the period 1992-

2001.
42 Formally we calculate,,, 199, = U(P“—pus) - a(%) for each municipality, wherBupils is the number of pupils in"9grade in the

Area
municipality in 1992;Schoolsis the number of schools (with ninth grade lewellhe municipality in 1992, andireais the squared meter
distance of the municipality. By(.) we indicate that both the number of pupils perasguneter and the number of schools per square mete
is standardized with mean zero and standard dewmiatne (so that both metrics are expressed inatme sinits). Hence?,,, ;99, measures
the density of pupils in relation to the densitysohools in a municipality.
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independent schools to be established, will be riked to allow a new school if there
is a high density of students in relation to thenber of existing schools.

i) An indicator for whether there existed a private®a in the municipality
prior to the independent-school reforirhe argument is that these schools could be
(and often were) converted to voucher schools amgdnthat in such a municipality,
independent schools are established much morelguiakn in comparable
municipalities without existing private schools.

iii) An indicator for whether there existed “more thamegublic school” in the
municipality in 1992The argument is that the NAE is instructed toapgrove
applications if a new school is expected to “hamesiderable negative consequences
for the municipality.” This situation is more liketo occur if only one public school
exists, because these municipalities then woulat bisk in terms of having to continue
to run a single public school at a very high pepipoost (municipalities are obliged to
provide public schooling so it is very unlikely tresole public school would be forced
to close down).

We argue that these instruments do shift the supfaglydependent schools differently across
municipalities after the reform. First-stage estesaare shown in Table Al in the appendix.
We then perform IV-regressions using only “the dgraf students in relation to the density

of public schools” variable as an instrument. Teeneates are shown in column 7 of table 4.
We see that these estimates are always positivalaays statistically indistinguishable from
the OLS estimates in column 1. The estimates filweri¥-regressions using all three pre-
reform variables as instruments for the changbershare of independent-school students are

reported in column 8 of table 4. The estimates remery similar*®

The private schools that already existed prior tolte reform In our analysis, we associate
the change in educational outcomes with the chantfee share of independent-school
students across municipalities. A few things aretlvooting about the measures used: First,
we have coded the share of independent-schoolrgiitiezero in 1992. This coding is
correct because independent schools did not thish elowever, biased estimates could arise
from differential truncation of the achievementtdimition before and after the reform

(leading to composition bias). As a check for wieetihis bias is important, we included the

“ 1t is possible that these instruments are invhbdause they also have an impact on public schueings. However, when we as a
control variable in the IV-regressions add a vdeatapturing the density of public schools (the bemof public schools divided by the
number of students in the municipality) the estesaemain unaffected.
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share of private school students in 1992 as a agpaariable in equation (1) and, hence,
estimated equation (2) with an added variable Stiare of private school students in 1992.”
The resulting estimate for the share of independehbol students is shown in column 2 of
Table 5. It can be seen that this estimate is urggthcompared to column 1. The result is the
same if we instead simply use the change in theessfaall non-public school students as the
main independent variable. Hence, the prevalenpeesfeform private schooling does not
affect both the post-reform changes in private stthg and the change in the outcomes.
Second, grades were not collected for private deHmafore 1993. Hence, the students in
these schools (<1% in 1992) are not included imthaicipality grade averages in 1992 (but
they are included in our other educational outcome@sures.). This exclusion could give
raise to composition bias. We therefore re-estithatedel (2) using the year 1993 instead of
1992. The estimates remain unchanged (column aliteT5). Lastly, we show results using
only the sub-sample of municipalities where no a@school existed before the reform

(column 4). Again, the estimates remain very simila

Only municipalities with independent-schools in 209 One might argue that the
municipalities without independent schools are amdntally different from the
municipalities with independent schools, or that finst independent school is what is
important in generating competition effects. Weadifiere check the sensitivity of our results
using only municipalities that have at least ordependent school. As seen in column 5 of

Table 5, the estimates remain very similar.

Effects across municipality bordersWe might underestimate the effects if there aié sp
over or competition effects across municipalitydsys. We might also worry about
endogenous teacher mobility across borders, whightrbe expected as wages are found to
be positively affected by the share of independehbol students at the high-school level in
Hensvik, 2012. This could have resulted in a chandglke composition of teachers across
municipalities which possibly affect the interpitéta of our estimates. Hence, we switch the
unit of analysis from the municipality to the lo¢abor market (LLM) and county area levels.
Using LLM area levels in estimating model (2), vee shat some of the estimates decrease in
magnitude (column 6 of Table 5). However, the staderrors double and triple in

magnitude, and only the grade and test score dsigna@e statistically significant. Using
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county level instead gives somewhat bigger estisn@mslumn 7 of Table 5. Given the
imprecision of these estimates we are not ablayarauch about whether there exist spill-

over effects across municipality borders.

Weighted estimationsSo far we have given each municipality equal weigltur
estimations. This is reasonable if we think of eaicipality as a separate school market.
However, this might also mean that our resultsatde driven by very small municipalities.
We therefore perform estimations where we insteaight each municipality using the
number of students as weights. We show these dsBnracolumn 8 of Table 5. As can be
seen, estimates using WLS vyield very similar result

Controlling for pre-reform mean of GPA in the municipality and for county-FE In an
additional attempt to check the sensitivity of oesults we i) control for the level of mean
GPA (English and Math) in the municipality in 19925t before the implementation of the
school choice reform, and ii) include county fixeftects as controls. The baseline
specification here is the one with post-reform g®min municipality controls as well as pre-
reform level of controls (as in column 5 of Tab)'%When we include the level of GPA in
1992 (column 9 of Table 5), we note that tHerRreases quite a lot for the outcomes
measured at the end of compulsory school. The astgrfor these short-term outcomes
decreases somewhat, but remain highly statistisadiyificant. It is worth noting that this
specification is a lagged dependent variable maddlas such sensitive to bias from
measurement error in the student achievement mesaand to bias from serially correlated
regression errors. When we include 24 county fie#ects (column 10 of Table 5) we see
that R increases quite a lot for all outcomes. Given thanow only use variation between
municipalities within counties we are quite amatteat all estimates remain positive and that
three of them are statistically significant. lingportant to realize that by controlling for
county fixed effects we throw away a lot of usefatiation in the share of independent
school students between municipalities (more pedcisll the variation that exist between

municipalities in different counties). In fact, gri3% of the variation in the change in the

4 There are 24 counties in Sweden. Because of tral smmber of observations, we do not control fay aovariates in the model
underlying the estimates in column 7 of Table 4véf add changes in the background variables simdan the other columns (but defined
at the county level), most estimates are of sinmglae. However, the standard error increases arlaking most estimates statistically
insignificant.

45 \We thank a referee for suggesting the two spetidica underlying the estimates shown in columna® ¥0 of Table 5. The estimates in
column 9 become larger if we omit the pre-reforreleof municipality controls (except mean GPA) ard mostly larger also compared to
our baseline specification without mean GPA. Théretes in column 10 remain very similar if we dat include the pre-reform level of
municipality controls for the estimates that amtistically significant from zero. For the variableith insignificant estimates (academic
track in high school, university studies and yedrschooling) the estimates become smaller (althdbgy are still positive).
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share of independent school students is due tonagtbunty variation. This does not only
result in less precisely estimated effects butaiaa lead to severe downward bias due to
measurement err8f.We do therefore not consider this the main speatifin to be
considered. Nevertheless, it is reassuring thatebglts hold up as well as they do in these

estimations.

Heterogeneity over timeSo far, we have reported estimates from regressising changes
in variables calculated for the longest post-refperiod possible. This makes sense since the
share of independent-school students has increhsmeayhout the whole period, giving rise
to increased variation across municipalities oweef and because it probably takes time for
the establishment of independent schools to impaetall educational performance. There
are two main reasons for why we do not expectrio &éiny effect closely after the reform in
1992. First, the variation in the changes in trersiof independent school students is initially
very low. Independent schools was really a margohanomenon the first half-decade after
the reform, but in later years it has become atanhal fraction of the school sector in many
municipalities. Second, the cohort that finisheel # grade in 2001 is the first fully treated
cohort in the sense that they have spent all rthed years in the new system with school
choice. Thus, we expect the estimated effect teease over time, at least up until 2001,
when each successive cohort gets more and motméetin terms of school years in the
new system. We might also expect larger effects tee after 2001 since the treatment
intensity in terms of the incidence of independsafitooling continues to increase over time.
And we expect the estimates to become more previsetime as the variation gets larger.
Another potential reason for expecting a logjeneity over time is that the composition of
independent schools has changed, and differens typp@dependent schools might have
different impact on overall educational performaftbey might differ in their efficiency as
well as in the competitive pressure they put onlipigehools). Figure 3 displays how our
estimates change over time when we estimate mofldeldifferent school cohorts. Since the
precision is very low for the estimates in the ygdars after the reform, we combine the first
four post-reform school cohorts (1993-1996) anellalbem partially treated cohorts 1 and the
next four cohorts (1997-2000) and label them pliytieeated cohorts 2.

¢ See, e.g., the discussion about removing both gaddad variation in section 5.1 in Angrist anschke (2008).
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Figure 3: Estimates of model 2, heterogeneity ovéime.
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Note: The dashed lines are 95% confidence intervals.eElimates for the last school cohort for each antcoorrespond to the ones
presented in Table 2, column 2. PT1=partially tdatohorts 1; cohorts with 1-4 school years imiiw system. PT2=partially treated
cohorts 2; cohorts with 5-8 school years in the sgstem. The 2001 school cohort is the first cobtit all 9 years in the new system. For
the two high-school outcomes, the estimates for &&Inot shown since they are very imprecise. fiflisys from the fact that 1994 is the
first year we have data for these two outcomes.

First, we can note that the estimates are veryagige for many cohorts, and that the
precision improves over time. Note here that thetireely good precision of the PT2
estimates is due to the fact that we use four ¢shiothese estimations. Second, the estimates
for the two §' grade outcomes are similar in size and increasewstat between 2004 and
20009. If we consider grades in math and Englisat (e have for all years), we detect
statistically significant effects 2005 and onwardewever, the impression is a relatively
stable positive estimate from 2001 and onwardsrdier to further examine when the effect
on short-term outcomes first turn up, we have pkdormed weighted estimations. These
estimates are more precise and turn out to be drb@rirom 1998/1999 and onwards (this
graph can be received upon request). Third, thehigio school outcomes give a somewhat
mixed picture. The grade outcome estimates ardasitoi the §' grade estimates, although
they fluctuate a lot 2001-2002 (especially theneate for 2001 is very imprecise). It is more
uncertain if there is an effect on the probabitifychoosing an academic track. We find a
significant positive effect 2003 and 2004 but n@®2 or 2006. Note, however, that all

estimates for academic track are very imprecis®lfy, for the two long-term outcomes we
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detect statistically significant positive effectdyfor the very last years that we observe
them, 2003 for university and 2001 for years ofosdimg. It might seem inconsistent that we
find positive effects in the long term for the 20&xid 2003 cohorts when there are no
statistically significant effects on grades in #fegrade for the very same cohorts. This is
probably explained by the low precision of the gradtimates for these years (and the
additional weighted estimations give support toipasshort-term effects for these cohorts).

One might also argue that there is little supparidng-term effects since these only
are significant for the last cohorts, whereas thstve short-term effects are found for
several cohorts. For example, if the last coharivbich we could have inferred effects for
university studies would have been 2000 inste&2DOfL, we would have obtained an estimate
around zero. We therefore conclude from this amalyst the overall evidence for long-term
effects is weaker than for short- and medium-teffieces, although we also note that the
positive long-term effects turn up for about theneaschool cohorts that are the first to be
observed with positive short-term effects.

To sum up, it becomes clear from these analysésvido not find consistently
positive estimates that are statistically differeatn zero until about a decade after the
reform?’ At the same time, these findings are in line W@ fact that the earlier school-
cohorts after the reform only are partially tredbydhe voucher system, as these cohorts all
have less than 9 years in this system, and thegjitired time for independent schools to
become more than a marginal phenomenon in Swedheme Bre also other reasons for why
we expect effects to take time to occur: the indépat schools that existed the first few
years after the reform were typically religiousspecial-pedagogy schools and it is not likely
that these schools really were competing for timeesstudents as the public schools; it
probably takes time for public schools to respanterms of organization and pedagogical
techniques, and; a few regulatory changes toolepéter the first couple of years after the
reform® Given all this, we would have been surprised tsieable effects for the earliest

school cohorts after the reform.

7 In an earlier version of this paper (Béhimark aidlahl, 2008), we instead use all school cohants@stimate equation (1) directly using
individual level data (controlling for municipalifixed effects to take into account unobservabledimunicipality characteristics). In that
paper, we were only able to use school cohort$ 2083 (for grades at the end of compulsory schaodlin high school), 2000 (university
attendance) and 1998 (years of schooling). We filnemd positive effects only on short-run outcomwe use the same specification for
the longer data periods in the present paper, weefositive estimates for all outcomes, but theyaly statistically significantly different
from zero for average test scores and grades antthef compulsory school and for average high clop@des.

4 A new model for calculating the size of the vougtand the formal abolishing of student fees wenglémented starting with the
academic year 1997/98.
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6.2. Mechanisms

6.2.1. External effects

Are the positive educational performance effecés te find only due to private benefits for
students attending independent schools or areaiseydue to external benefits for students
attending any type of school? We expect the labtée important if, e.g., increased
competition (and/or influx of new ideas) leadsrprovements in the quality of public
schools. We study this question in two ways. Firgt look at the effects of an increase in the
share of independent school students on the chiaregicational performance for the
students in public schools. Second, we utilizeiodividual data to purge the overall effect

from the average effect from attending an indepensehool.

Effects on public school students’ performancét is very important to know if more
independent schooling leads to better performatsceim public schools or if the results are
driven by improved performance for the studentisdependent schools. We therefore
perform regressions using municipality level avesafpr educational performance calculated
only for public school students. The results aporeed in column 2 of Table 6. The estimates
decrease somewhat compared with the baseline ¢éstinmacolumn 1, but they are still
positive and statistically significant. The problerth these estimations is that they are likely
to be tainted by sample selection bias becausshidui® of public school students went from
over 99% in 1992 to 89% in 2009. If the indepengsatiool students would tend to be high
performing students, we then expect the estimatdsdrease if we only use public school
students.

If students are influenced by the composition eirtppeer group, increased sorting of
students can lead to problems in interpreting edgesof educational performance effects as
effects on school productivity in the public scheodrhis issue is discussed in Hsieh and
Urquiola (2006), who find that in Chile high-penfioing students are more likely to leave
public schools when the private school share irsg@aThere is some Swedish evidence that
students who attend independent- and public sclbifiés along demographic- and family
background characteristics (Bjorklund et al, 20®&edish National Agency for Education,
2003). However, we expect this to be of much legzortance in Sweden than in the Chilean
setting since Swedish schools are not allowedlexsstudents at the compulsory level. We

investigate the effect of the share of independehool students on sorting in Bohlmark and
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Lindahl (2007), and we find that public schools ar@re likely to lose students who are
second-generation immigrants and/or whose pareves high education. However, we find
no evidence of sorting of students by parentalime@nd pupil’s first generation immigrant

status.

External effects across school sectoia essence, we can geé@ our baseline model (2) to
capture two effects: the effect for the individéraim attending an independent school and the
external effect for the individual from the othéudents’ independent-school attendance in
the municipality. To estimate the magnitude ofeeernal effect, we need to control for the
effect for the individual from attending an indedent school. To facilitate comparison with
our earlier unweighted estimates, we choose t@ssgout the importance of the individual
level variables in the following way: (1) using iadiual-level data, we separately regress
each individual-level outcome, the municipal indegent-school share and each municipal-
level control, on a dummy for independent-schoratance and all individual-level controls
for 2009 (or whatever the latest available schobloet is for the outcome); (2) using
individual-level data we separately regress eadlvidual-level outcome and each municipal-
level control, on all individual-level controls f&©92 (recall that there were no independent
schools in 1992); (3) we obtain the residuals ftbese regressions and aggregate them to the
municipality-year level; (4) We take the differermetween 2009 and 1992 for each
municipality for all these residuals; (5) we regresodel (2) separately for each outcome,
using these residual changes as main variables.

The resulting estimates are shown in column 3 tld 6. The estimates are only
somewhat smaller than the baseline estimates umooll, but they are still mostly
statistically significant. We conclude that approaiely 70-80% of the overall effects of the
share of independent school students on educapenrmance are due to external effects.

Although we realize the problem of estimating ageraffects of attending an
independent school, we are quite confident thattechindividual variables do not seriously
bias our estimates, and if they do, they are likelpnake an estimate of the external effect a
lower bound. First, the independent-school atteceaffects decrease substantially when we
add the demographic and family background variatolése estimation. Second, in Bohimark
and Lindahl (2007), we further find that indepertdatendance estimates become even lower
if we add family fixed effects to the model (hermdy looking at the effects between siblings
who differ in whether they attend an independehbsd). Third, the magnitude of our

independent-school attendance effects are notdrfeyent from what was found in Ahlin
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(2005), who was able to estimate value-added mddefgrolling for student achievement at
the end of the sixth grade) for students leavingmalsory school in 1998. Looking at the
effects on math, English and Swedish test scomes fandom sample of approximately 6000
students, she found effects ranging from insigaificzero or small positive effects up to 5

percentile ranks from attending an independent@dhadl998.

Table 6 External effects from an increase in the stre of independent-school students

1) (2 3)
OLS: Baseline  OLS: Including only OLS: External
public-school students effects
Educational outcomes:
Test scores in English and 17.93 11.62 15.28
Math (2.69)** (2.97)* (2.85)**
R2 0.28 0.23 0.18
Grades in English and math 15.76 9.53 11.99
(2.55)* (2.82)** (2.66)*
R2 0.28 0.22 0.18
Academic track in high school 0.19 0.12 0.11
(0.13) (0.14) (0.13)
R2 0.07 0.06 0.07
Grades in T-year courses in 17.47 13.18 12.51
English and math in high school (3.83)* (4.42)* (3.53)*
R2 0.17 0.14 0.11
At least 1 semester of 0.19 0.17 0.16
university studies at age 22 (0.06)** (0.06)** (0.06)**
R2 0.17 0.16 0.10
Years of schooling at age 24 0.64 0.46 0.66
(0.35)+ (0.37) (0.35)+
R2 0.17 0.15 0.11
Controls
Changes in municipal contréls YES YES YES
Number of municipalities 284 284 284

Notes:? Changes in municipality averages of demographicfamily background variables: parents’ earningsgepts’ education; parents’
age; immigrant status; parents’ immigrant statize ef the student population (see Table 1 forii@tarobust standard errors are in
parentheses. + significant at 10 percent; * sigaift at 5 percent; ** significant at 1 percent.

6.2.2. Type of independent school

One clear trend since the mid 1990s has been rgsgrowth in independent schools with a

general profile and, in particular in for-profitdependent schools with a general profile
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(especially during the 2000s). The independentashibat emerged in the early reform years
might be regarded primarily as complements to titdip schools. Because they attracted a
rather special selection of students, the competpiressure that these schools exerted is
likely to have been modest. General-profile indelgen schools, however, are alternatives to
the public schools and try to attract broad graafpstudents. The ownership structure might
also be important in itself. Forward-looking ownefdor-profit schools might develop
successful and competitive schools to maximize tbag-term profits. However, they might
also start schools that turn out to be of low dualitheir focus is on short-term profits. Non-
profit schools led by idealists do not have thesamentive to be cost efficient, but the
idealistic nature of their business might form adjbase for a competitive school.

Table 7 Regressions of changes in the sharestiidents in for-profit, non-profit and
general-profile independent schools on changes iwverall educational
achievement.

Test scores Grades Academic High school  University Years of
track in grades schooling
high school
oLS oLS oLS oLS oLS oLs

Share of students in for-profit- 21.46 18.08 0.15 17.66 0.08 -0.16
genera-profile indep. school® (4.29)* (4.08)** (0.20) (5.49)* (0.09) (0.45)
Share of students in for-profit- 14.29 11.18 0.17 9.78 0.40 3.31
specia-profile indep. school® (5.62)* (5.61)* (0.26) (9.23) (0.42) (2.02)
Share of students in non-profit- 12.13 12.10 0.21 17.58 0.27 0.74
genera-profile indep. school® (6.58)+ (5.49)* (0.12)+ (7.76)* (0.122)* (0.68)
Share of students in non-profit- 23.35 23.56 0.40 29.61 0.26 0.92
specia-profile indep. school® (8.12)* (6.83)* (0.37) (10.71)** (0.122)* (0.64)
Controls
Changes in municipal contrdls YES YES YES YES YES YES
R2 0.29 0.30 0.08 0.19 0.18 0.17
Number of municipalities 284 284 284 284 284 284

Notes:? Changes in municipality averages of demographicfamily background variables: parents’ earningsgepts’ education; parents’
age; immigrant status; parents’ immigrant statize ef the student population (see Table 1 foritaRobust standard errors are in
parentheses. + significant at 10 percent; * sigaift at 5 percent; ** significant at 1 percent2009, the total share of students in
independent school is about 0.11. The shares éaretspective category in the table for 2009 arfelasws: 0.038; 0.034; 0.016" 0.027.
For 2001 (we observe years of schooling for thioet cohort), the corresponding shares are: (?;CII]BOA?; 0.004’; 0.018

Table 7 shows the estimates from regressions g@uneting to those in column 2 of
table 2, but in table 7 we have separated the siianelependent-school students into four

variables depending on the school type and ownerstie see that the separate estimates are
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not statistically different from one another. Tlmnclusion that can be drawn from these
estimates is that the independent school type d&dher they are for or non-profit does not
appear to matter much for the overall effect onleiits in both public and independent

schools?®

6.3. School costs

We are ultimately interested in the effects on stipooductivity, i.e., output per unit spent.
So far we have only looked at output (the numejabdow we look at costs (the denominator
in the school productivity measure). The sign oeatimate of the effect of the share of
independent-school students on school costs isguobs. On the one hand, increased
competition can force schools to operate moreiefitty and thereby lower their costs. For
example, the fact that many independent schoot$ gahool companies) are able to make
profits year after year and still attract incregsimumbers of students might work as a signal
to the public sector that it is possible to runasath more efficiently (recall that the size of the
voucher is determined by the costs in the publitosie On the other hand, if the schools that
lose many students do not close down, the costsnerease because each school has fixed
costs, e.g. for buildings, that are independemth@eihumber of students attending them. It is,
for example, possible that the local governmenty&oious reasons (e.g., ideological)
provide additional resources to the threatenedipgbhools, leading to an over-capacity in
the school sector. It is also possible that thallaathorities who are in favor of school choice
and competition invest additional resources irs@liools to stimulate fair competition among
them. The largest part of school expenditures aéenup of personnel costs. Hensvik (2012)
examines how local school competition affects teaghages at the high-school level. She
finds that the effect on average wages is modesthiat it leads to a more differentiated
wage setting for the teachers (in both independedtpublic schools).

To examine the impact of the share of independemded students on school costs, we

estimate the following model:

4) Alog[Expenditures/student¥ kot kK1APmt KoAX i+ vVim

4 There is one Swedish study that has attemptedtimate educational achievement effects of attepdifior-profit independent school.

Sahlgren (2010) use Swedish school-level dataleryears 2005-2009 and estimate OLS models wherage GPA is regressed on
indicators for school type and demographic, farhégkground and school level variables. He findesitive association between average
GPA and being a for-profit and non-profit indepemtdgchool, where the latter coefficient estimatescd similar size.
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where the outcome variable is the change in theritigm of total school expenditures per
student (based on the students residing in the cipatity but attending a school in any

municipality) between 1992 and 2009, and othertrmta are as before.

Table 8 Regressions of changes in the share mfiépendent-school students on changes
in log expenditures per student

|
@) (2 3 4
oLS oLS OoLS oLS
The share of indep.-school students -0.37 -0.29 28-0. -0.16
(0.07)* (0.09)** (0.09)** (0.11)
R2 0.07 0.17 0.19 0.26
Controls
Changes in municipal contréls NO YES YES YES
1992 level of municipal controls NO NO NO YES
Key independent variable
Share of indep.-school students in: grade 9 grade 9 grade 1-9 grade 9

Notes:® Changes in municipality averages of demographitfamily background variables: parents’ earningsepts’ education; parents’
age; immigrant status; parents’ immigrant statize &f the student population (see Table 1 for itlet®obust standard errors are in
parentheses. + significant at 10 percent; * sigaift at 5 percent; ** significant at 1 percent. Emgitures per student are calculated for
students residing in the municipality, but who edtend a school in any municipality. Revenues fetatents living in another municipality
but who attend a school in the municipality areudteld. It is total school expenditures, hence iliclg personnel costs, rent costs, teaching
materials, school meals, libraries, etc. The dataerpenditures per student was downloaded fromStvedish National Agency for
Education’s homepagdattp://www.skolverket.se/statistik-och-analys/2.2864290/2.4294A detailed documentation of this data is also
available at their homepage.

The results are reported in Table 8 (see the tadike for a description of the cost data).
We find statistically significant negative effeatsgardless of whether we control or changes
in background variable¥.If the share of independent-school students ise®ay 10
percentage points, overall school expendituresedses by 3 percent. However, the estimates
are sensitive to controls for initial charactedstiAs seen in column 4, the estimate then
becomes insignificant (although still negative)eTdata on school expenditures are only
available for grades 1-9 taken together. For #sson, in column 3, we use the alternative
measure of the share of independent school studegtades 1-9. We note that this makes no
difference®® We conclude that there is no evidence that solguénditures increase as a
result of an increase in the share of independsmted students. This conclusion is further
strengthened by the time pattern of these estimdigslayed in Figure 5. It should be noted,
however, that private capital investments by oweéisdependent schools are not included

%0 Bjérklund et al. (2005) estimate the relationgbiween the change in total school costs per stunhehthe change in private school share
in grades 1-9 between the years 1992 and 200Iroflorg for some covariates. They find a positiv btatistically insignificant effect.

Their estimate is 0.14, with a standard error @20.

5 |f we chose to use student-population weights wéstimating equation 4, results remain very similar
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in our measure of expenditures. Hence, the totadaexpenditures might be somewhat

underestimated in municipalities with independetiosls.

Figure 5: Estimates of model 4’, heterogeneity ovdime.

School costs

94 96 98 01 03 05 07 09

Note: Model 4’ refers to model 4 including controls faitial characteristics as in column 4 of Table 8.

7. An analysis using TIMSS data

Our positive estimates might appear surprisingegi8weden’s relative decline in scores on
international tests such as PISA and TIMSS sineentld-1990s. However, because we
examine variation across municipalities it may vibalthe case that the municipalities where
independent schooling have increased less haveloated most to this decline. To test this
hypothesis, we perform an analysis using TIMSS @tat&weden. We have been able to link
information on the municipality where each samgleo®l is located, and thus also the
information about independent school penetratiothe TIMSS data on students in the 8
grade in 1995, 2003 and 208 AVe first aggregate the data on each pupil’s aeesagre on
the tests in Math and Science into two groups basedhether their school was located in a
municipality above or below the median level of #are of independent school students in
2009. We determined this median in our main datatsine student level. This treatment
makes us one group of 66 municipalities, among wthe average change in the independent

school share over time was 17.6 percentage p@ntspne group of 218 municipalities,

2 \We have not been able to obtain the corresporidiiogmation to identify municipalities in the PISdata. The TIMSS survey years are
also more comparable to the years in our main aisatglative to the PISA survey years.
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among which the corresponding average change ige2centage points. Each group contains
approximately one half of the student populatiothia §" grade. The aggregated TIMSS data
contain 5,636 students in the first group and 5gt&dents in the second grotprherefore,

the proportions of the groups are very similaruo 00 percent sample, thereby confirming
the representativeness of the TIMSS data.

The development over time in the TIMSS test scorelfe two groups is displayed in
Figure 6. This figure shows that the average sdaoage declined over time for both types of
municipalities and that this decline is somewhaaléen in municipalities where independent
schooling has increased more. The difference betweetwo groups does not appear before
2003. This result is consistent with our findingtteffects are observed many years after the

reform (for fully treated cohorts).

Figure 6: TIMSS Math/Science score by the share
of independent school students in 2009

TIMSS score

T T T T
1995 2000 2005 2010
year

Low share indep school ——— - High share indep school |

Next, we use the individual-level TIMSS data tdraste the following regression:
(1) Yimet= Yot ot +BPpct +eimet

where Y represents individual i’s test score ohezitMath or Science;, represents
unobservable county characteristics that are coneteer time; and; represents

unobservable school-cohort characteristics thatanstant across counties. We include only

%3 The TIMSS samples that we use contain data or9k8lents in 1995; 4,256 students in 2003 andSRidents in 2007.
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the years 1995 and 2007 to mimic the main ana@sisiuch as possibléWe believe it is
reasonable to use within-county variation in tmalgsis in light of the small sample size.
And, despite the small sample size, we have a bathpanel of all 24 Swedish counties. If
we instead estimate this model with municipaliiefi effects, we obtain similar point
estimates, but these estimates are naturally wepyeicise’> The results are shown in Table 9
along with descriptive statistics for our two oute®variables. The estimates reveal that an
increase in the share of independent school steddtit 10 percentage points is associated
with an increase in TIMSS Math and Science testescavith approximately 12 points. This
finding corresponds to approximately 17 percerd etandard deviation (the standard
deviation is approximately 71 points 2007). If wansform our main estimates for tH& 9
grade outcomes to standard deviation units (usiagariation across all individuals), we find
that a 10-percentage-point increase in the sharelependent school students has resulted in
a 4-5 percent of a standard deviation unit chambe.larger estimates in the TIMSS analysis
might to some extent be explained by the factweahere perform weighted county-level
estimation (and no time-varying controls) for gistly different time period. Recall, however,
that the main @ grade estimates do not change substantially wieepesform weighted
estimation or county-level estimation, excludedbeariates, or use 2007 as the last year
instead of 2009 (or 1993 instead of 1992). Nevégt®e it is interesting that we find non-
trivial positive estimates when we examine outcothas are believed to be more accurate

measures of student performance than test scodegrades in Sweden.

Table 9 OLS fixed-effects regressions relatindné share of independent-school
students in the municipality to TIMSS test scoresdr 1995 and 2007

Descriptive &tts |
Outcome: (1) 1995 2007
Mean _St.dev Mean _St.dev
Math test score in TIMSS 114.49 540 74 491 67
(35.35)**
R2 0.16
Science test score in TIMSS 125.43 453 78 115 74
(35.79)*
R2 0.13
Number of individuals 7164
County and year fixed effects YES
Number of counties 24
Number of municipalities 141

Notes: The standard errors are clustered at the municipalitgllen all regressions. + significant at 10 percérsignificant at 5 percent; **
significant at 1 percent. All regressions are widhy sampling weights using the “total studenighv® in the TIMSS data.

% Another difference is that here we attach moreghieio larger municipalities, as we estimate uginividual-level data.
% For Math, we obtain 68.44 (113.75), and for Saéenee obtain 104.67 (125.03).
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8. Conclusion and discussion

We have estimated general educational performdifeet®of choice and competition
between public and independent schools in Swedamhis purpose, we have used
administrative data on compulsory school graduiaté988-2009 and exploited between-
municipality differences in the growth in the shafendependent-school students that
developed as a consequence of the 1992 vouchemr.e@ur empirical strategy was to
regress the change in educational performance ma@son the increase in the share of
independent-school students between Swedish maiteeg.

We find that an increase in the share of indepenrsigmol students improves average
educational performance both at the end of compuksthool and, in the long run, in terms
of high school grades, university attendance ardasyef schooling. We further show that
these effects are very robust with respect to abmuraf potential issues, such as grade
inflation and pre-reform trends. We do also nodlfihat our results are due to effects from
other reforms such as the introduction of choidevben public schools and the
decentralization of school administration from ghi@te to local governments. Interestingly, it
appears that these positive effects are primaug/to spill-over or competition effects and
not that independent-school students gain sigmfiganore than public school students. We
are also able to show that a higher share of intigr@-school students in the municipality
has not generated increased school expenditures.

Notably, we have only been able to detect s$tedity significant positive effects on
educational performance for later years, aboutcadke after the reform and onwards.
However, this finding is not surprising, given thia¢ first cohort of students wispent the
entirety of their compulsory schooling in the neygtem graduated in 2001 and that it
required time for independent schools to becomeertian a marginal phenomenon in
Sweden. For university attendance and years ofodicigowe detect positive effects only for
the very last year we are able to observe thesmmds (in 2003 and 2001, respectively). We
therefore conclude that the overall evidence fagierm effects is weaker than for short- and
medium-term effects, although we also note thaptistive long-term effects turn up for
about the same school cohorts that are the firsé tobserved with positive short-term effects.

The basic findings are that the impact of a 10-@@@ge-point increase in the share of
independent-school students has resulted in atoaetpercentile-rank higher educational
achievement at the end of compulsory school argin school, a 2-percentage-point higher

probability of choosing an academic high-schoatkra 2-percentage-point higher
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probability of attending university and almost aldiéional 4 weeks of schooling. We may
compare our findings for short-term outcomes witidence from previous Swedish studies
(Ahlin, 2003; Bjorklund et al., 2005; Sandstrom d@w®rgstrom, 2005). These studies examine
earlier and fewer post-reform years and yield mifedings. If we transform our estimates to
standard deviation (S.D.) units (using the varrafagross all individuals) we find that a 10-
percentage-point increase in the share of indepermdool students has resulted in 0.04-
0.05 S.D. higher average educational achievemeheatnd of compulsory school.

Compared to the statistically significant findirigsearlier studies, this result is less than half
the size of the estimates for Math found in AhRO@3) and Swedish and English found in
Bjorklund et al. (2005) and much lower than whasyv@und for math in the IV estimations in
Sandstrém and Bergstrom (2005). However, compamimgestimates using the actual school
cohorts that they use in their analyses reveatsilraestimates are even smaller and are often
insignificant® The effects sizes we find are not enormous efféctsthey are not trivial,

either. For instance, we may compare these estnai@ recent study estimating the effect of
smaller classes on student performance in Swedenr{fksson, Ockert and Oosterbeek, QJE,
2013). The magnitude of our effects (4% of a Svilmyld be approximately similar in size to
the positive effect of one fewer student in a clafs®4 students. In their study, the authors
find that this effect size is large enough for Hega@o exceed costs if a policy of smaller
classes were to be implemented.

Our positive estimates might appear surprising rgiBveden’s relative decline in
scores on international tests such as PISA and ¥®ldiBace the mid-1990s. However, by
performing a separate analysis using student-léa&l from TIMSS for 1995, 2003 and 2007
disaggregated at the municipality level, we are dblreconcile these findings. We find that
average tests scores have indeed deteriorated dret¥@95 and 2007 for Swedish students
but have done so to a smaller extent in municipalitvith a higher share of independent
school students. Therefore, we do not find any scpijor the belief that an increase in the
share of independent school students provides plaretion for Sweden’s relative decline.

If we compare our result with those of other cowstrwe find effects that are larger than
what has been found for Canada (Card, Dooley agdé?2010) and Chile (Hsieh and
Urquiola, 2006) but also that are more consistatit what has been found for the U.K.
(Clark, 2009) and U.S. (Figlio and Hart, 2010). Hwer, a comparison with other school
systems is difficult, both because the alternagsgool types differ and because the

conditions under which external effects work weigjht differ substantially. The conditions

% We discuss these earlier Swedish studies in grdatail in Bohimark and Lindahl, 2007.
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for school choice that are likely to generate tlesnpositive effects on overall school
productivity are discussed in MacLeod and Urqu{@@09). Their framework is a reputation
model of learning. The authors argue that in th#ée@h system (where schools can select
students based on ability), schools are more likeelyjompete by selecting the best students
instead of by increasing productivity. In a systamh as the Swedish system, where cream-
skimming is not allowed, the schools are more jikelcompete by improving productivity.
In fact, MacLeod and Urquiola (2009) state thdahéd reputation model holds for a school
market, then “if schools cannot select on abilityg introduction of school choice will
unambiguously raise school performance and stunlgnbmes.” The positive educational
performance effects found in this paper and thermds of effects found in Hsieh and
Urquiola (2006) support their story.

References:

Abdulkadiroglu, A., J. Angrist, S. Dynarski, T. Kaand P. Pathak, (2011), "Accountability
and Flexibility in Public Schools: Evidence fromdon's Charters and Pilots,"
Quarterly Journal of Economick26(2), pages 699-748

Ahlin, A (2003), “Does school competition matterffeEts of a Large-scale School Choice
Reform on Student Performance,” Working Paper 200Bepartment of Economics,
Uppsala University.

Angrist, J., E. Bettinger, and M. Kremer (2006)0fig-Term Educational Consequences of
Secondary School Vouchers: Evidence from AdministtaRecords in Columbia,”
American Economic Revie®6 (3), 847-862.

Angrist, J. D., and J-S PischKkdostly Harmless Econometrics: An Empiricist's Comipa.
Princeton: Princeton University Press, 2008.

Bettinger, E. (2011) “Chapter 7 - Educational Voershin International Contexts,” pages 551
-572, in Handbook of the Economics of Education ¥oEdited by E. Hanushek, S.
Machin and L. Woessmann.

Bjorklund, A, Clark, M, Edin, P-A, Fredriksson, Bnd Krueger, A (2005), “The market
comes to education in Sweden: An evaluation of Swedsurprising school reforms,”
Russel Sage Foundation, New York.

Bohimark, A and M. Lindahl (2007), “The Impact ofl®ol Choice on Pupil Achievement,
Segregation and Costs: Swedish Evidence,” IZA Bismn Paper No. 2786.

Bohimark, A and M. Lindahl (2008), “Does School \Rtization Improve Educational

Achievement? Evidence from Sweden's Voucher Refdi@# Discussion Paper No.
3691.

47



Card, D., M. Dooley and A. Payne (2010) "School @etition and Efficiency with Publicly
Funded Catholic SchoolsAmerican Economic Journal: Applied Economi&4),
pages 150-176.

Chakrabarti, R. (2008). Can increasing private stparticipation and monetary loss in a
Voucher program affect public school performanceii&ce from Milwaukee.
Journal of Public Economi¢c®2(5-6), pages 1371-1393.

Clark, D. (2009), “Politics, Markets and Schoolsiali-Experimental Estimates of the Impact
of Autonomy and Competition from a Truly Revolutasg U.K. Reform,”Journal of
Political Economy117(4), pages 745-783.

Duflo, E. (2001) “Schooling and Labor Market Consexces of School Construction in
Indonesia: Evidence from an Unusual Policy ExpenityieAmerican Economic Review
91(4): 795-813.

Figlio, D. and C. Hart (2010), “Competitive EffeaEMeans-Tested School Vouchers,”
NBER WP 16056.

Fredriksson, P., Ockert, B. and H. Oosterbeek (R0l&ng-Term Effects of Class Size". the
Quarterly Journal of Economics, vol. 128(1), ppR-285.

Gibbons, S., S. Machin and O. Silva (2008), “Chpeempetition and Pupil Achievement,”
Journal of the European Economic Associatiool. 6(4), pp. 912-947.

Gill, B., M. Timpane, K. Ross, D. Brewer and K. B@&o (2007). “Rhetoric versus reality :
what we know and what we need to know about voucaed charter schools,” the
RAND Corporation.

Grongvist, E. and J. Vlachos (2008), “One sizedit8 The effects of teacher cognitive and
non-cognitive abilities on student achievementAUFWP 2008:25

de Haan, M., E. Leuven and H. Oosterbeek (201%xate Economies Can Offset the
Benefits of Competition: Evidence from a School €aidation Reform in a Universal
Voucher System," IZA Discussion Papers 5528.

Hensvik, L. (2012), “Competition, Wages and Tead®erting: Lessons Learned from a
Voucher Reform,’Economic Journalforthcoming.

Howell, W. G. and P.E. Peterson (2006). “The EdocaBap: Vouchers and Urban Schools,”
Brookings Institution Press, Washington DC.

Hoxby, C. (2000), “Does competition among publib®als benefit students and taxpayers,”
American Economic Revie®0 (5), 1209-1238.

Hoxby, C. (2003). School choice and school comipetitEvidence from the United States.
Swedish Economic Policy Revield(2), pages: 9-65

48



Hoxby, C. and S. Murarka (2009), “Charter Schoolblew York City: Who Enrolls and
How They Affect Their Students’ Achievement,” NBERP 14852.

Hsieh, C-T and M. Urquiola (2006), “The effects gt&neralized school choice on
achievement and stratification: Evidence from Chileoucher program,Journal of
Public Economic®0, 1477-1503.

Lavy, V. (2010). “Effects of Free Choice Among HabSchools,” Review of Economic
Studies’7, pages 1164-1191.

MacLeod, B and M. Urquiola (2009), "Anti-Lemons:h®8ol Reputation and Educational
Quality," NBER Working Papers 15112.

McEwan, P. J. (2000), “The Potential Impact of lea®cale Voucher Program&eview
of Educational Researcf0:103-149.

Sahlgren, G.H. (2010), “Schooling for Money: Swédiducation Reform and the Role of
the Profit Motive,” IEA Discussion Paper No. 33.

Sandstrém, M and F. Bergstrom (2005), “School Veushn Practice: Competition Will Not
Hurt You,” Journal of Public Economic89, 351-380.

SOU (2008). "Bidrag pa lika villkor,” SOU 2008:8rizes, Stockholm.

Swedish National Agency for Education (2001), “&énde grundskolor — 2001,” rapport
Dnr 2001:3925, Skolverket.

Swedish National Agency for Education (2003), “Vikiét och dess effekter inom
skolomréadet,” rapport, Skolverket.

Swedish National Agency for Education (2004), “TI$13003,” report 255.

Swedish National Agency for Education (2005 kolor som alla andra? Med fristdende
skolor i systemet 1991-2004,” Skolverket, rappait.2

Swedish National Agency for Education (2006), “Rretyg-Slutbetyg-Likvardig
beddmning?,” rapport 300.

Vlachos, J. (2010) "Betygets varde. En analys avkomkurrens paverkar betygssattningen
vid svenska skolor", Konkurrensverket rapport 2610:

49



Table Al: Estimates from first stage regressions fahe IV estimates in columns 6-8 in Table 4. Endanous variable is the
share of independent-school students

Grade and tests scores Academic HS track and HS gtas University attendance Years of schooling

The share of independent schools 0.27 0.20 0.16 0.12

(0.02)** (0.02)*** (0.02)*+* (0.01)*+*
The density of students minus 0.065 0.064 0.080 0.079 0.076 0.076 0.027 0.023
density of schools in 1992 (0.022)***  (0.022)*** (0.016)**  (0.016)*** (0.013)***  (0.013)*** (0.009)***  (0.009)***
Existing private school in the 0.029 0.008 0.015 0.028
municipality in 1992 (0.018) (0.014) (0.011) (0.007)***
More than one public school in the 0.016 0.018 0.014 0.007
municipality in 1992 (0.009)* (0.007)*** (0.005)*** (0.003)*
R2
F-statistic 145.99 8.77 4.94 130.35 24.03 10.89 50.15 33.46 6014. 86.40 9.13 10.77
Controls
Changes in municipal contréls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Number of municipalities 284 284 284 284 284 284 4 28 284 284 284 284 284

Notes:®See note to table 2. Robust standard errors grarentheses. + significant at 10 percent; * sigaift at 5 percent; ** significant at 1 percent.
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