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1. Introduction

One of the first empirical studies of the factors that influestadent's scholastic results
was the 'Coleman Report' (Coleman et al.1966). The authors foundntliag US,
allocating more financial resources to schools had no significgradinon student test
scores. To the contrary, the most important predictor of tesesapas the socio-
economic background of pupils. Since then, international research hasodotqu
clear-cut evidence on the effect of additional funding on student perfoema
(Hanushek, 2003). Moreover, attention turned to other factors that could ahave
significant impact on student test scores. In particular, authored to the incentives
to teacher and student effort that resulted from the instituti@tihgs of educational
systems (Hanushek, 1997; Woessmann, 2000). This paper fits into ¢énecéaéigory.
We look at how the practice of schools comparing their pupil’'s resubisregional or
national performance standard and that of parents choosing their clsilég@rool
based on reputation or study program relate to student test.dodtes United States
as well as in the United Kingdom, school accountability and school eHwee
become popular guidelines of educational policy. The idea behind thisftyodicy is
that school choice combined with information on school quality will reésutichool
competition sanctioning the lowest performing schools, as in aicdhswarket.
Abundant recent research in those countries has shown that student gectodnes
tend to respond positively to school choice and accountability. Howevesurada
effects are small, on average less than ten percent of arstaled@ation in scores for a
one percent increase in competition ( Levacic 2001, Belfield and 2808, Carnoy
and Loeb 2003). Recent evidence from Sweden is in line with thesésrésee e.g.

Sandstrom and Bergstrom 2002)



In continental Europe, there is a certain political reluctancibit public schools to
competition and accountability. One of the most important reasons cowdstieng
concern for equity of opportunity. Indeed, school choice involves a risk @l soc
segregation between schools if information on school quality is popardéihts do not
have access to reliable information on school performance thatindéescount pupil
intake, they will choose schools according to the quality of peersptyaly provide.
As a result, schools are pushed to compete for better studentss Titesideal setting
for segregation, i.e. grouping of pupils into schools as a function cénaiige
background characteristics. However, the evidence on peer effedtsviperforming
pupils in the literature is mixed (see e.g. Levin 2001, Rangvid 2@0R)is not clear
how segregation affects performanc&econdly, education is not a private good and in
most European states it is largely funded by the public secthirooScomparisons to a
national or regional standard and school choice will therefore haviéeah @ school
quality only if budget allocation by the State takes them into accdimdly, low-
performing schools and pupils could suffer from discouragement as rin@yf@med

of their relativeperformance, and decrease effort (e.g. Betts and Grogger 2002). If
inter-school performance-based competition increases the avepgeedelevel of
performance for degree obtention then discouragement might be rethfoheeeffects
on low-performing students of performance-based school competition isenofcat.
Some studies find a particularly important positive impact on lofepeing and
disfavoured students (e.g. West and Peterson 2005), others find a pbattiless
important impact on low-performing students’ achievement (e.g. Hanushek
Raymond 2004).

In this paper, we look at the effect of school comparison and schockdhoan

international setting. To this purpose we use responses to the 83



guestionnaires in 18 countries. First of all, we have informatioto ashether
schools compare their pupil’s results to a regional or national pexrfmerstandard.
Secondly, we look at whether parents chose their child’s school on s$he dia
reputation or program rather than just location. We then estinmaiedacation
production function controlling for unobserved differences that could existbat
countries and between schools. In a second stage, we split up théntdata
subsamples of low versus high performing students by school to estimate
differences in the effect on low versus better-performing pupilsection 2 we
explain the choice of our explanatory variables and present our dasathird
section, we present our estimation strategies and section voedédo the results.

Our conclusions are given in a final section.

2. Data and choice of variables

2.1. Our measure of the presence of an extetaadard and school choice

In order to estimate the effect of the existence of an extstamadards of school
performance on student test scores, we would ideally like to knovherhibiere is
an external student evaluation at key levels of schooling such .athe.grench
Baccalauréat. However, such truly centralised exams aee aad typically
constitute a country characteristic. This is an important constra the number of
observations. Moreover, educational systems are generally nigt@assifiable as
either having or not such a generalized external evaluation sy&eause of the
broad variety of exams existing in each country and the broad rangerofiediate
levels of centralisation. Thirdly, we do not have this informatiooundatabase. As
a result, we choose to use available information in the PISA sghestionnaire as

to whether schools compare their student’s test score resultsnadianal or



regional standard or not. If the school claims to do so the dummy ‘schigares

to a standard’ equals one, zero otherwise. Schools may comparectudis with
national or regional performance levels for different reasonsinBtance, schools
could use it as a means to check their relative efficiency eonluntary basis
whereas other schools may be submitted to a public control of perfamianc
either case, the comparison of a school’s results to that oégi@nror the country
should provide the type of incentive we are looking for, as schools obtain

information on their relative performance.

As a measure of school choice, we use the pupil questionnaire. Widheknow
whether the pupil is in its school because it is known to be of hightyuali
(reputation) or because of the study program provided. If the pupil respypesléul
one or both of these questions we consider there has been quality-bHaseld sc

choice (dummy ‘school choice’ equals one, zero otherwise).

We then aggregate these dummy variables to regional percenthges are two
important reasons to do so. Foremost, the percentage of schools cgntpair
results in a given region is used as a proxy for the existenceterhal student
performance standards that facilitate performance-based coompefin external
student performance standard is defined as a set of criterigtddent skill
evaluation that is set by an authority higher than, and independent sthbel,
such as a federal or national ministry of education. To the opposémal student
performance standards are criteria for student skill evaluatiooyshe teacher or
the school. External performance standards are thought to improve s$ahdol
student) effort for several reasons. First of all by ensuringoecability of school
performance for parents and controlling authorities. A school's studeetsge

results according to external performance criteria areralsaj school quality. The



information on the relative performance of a given school will bethal more
significant for parents and controlling authorities if many schoolspapentheir
results. The incentive for schools to improve their relative pedooes should
therefore become stronger when the percentage of comparing schoedsésc as
the relative position of a school compared to the standard becomesimdongore
revealing. If schools then feel pressure to improve student achisv@si@ result
of the school quality information available to parents and authowtesprovide
their financial means, then school effort can be expected to se¢Riahop et al.,
2000). A second possible positive influence of school comparability on student
performance could result from a direct effect on student effotthenlast year of
schooling. Indeed, if employers and universities can use high schosttess as a
reliable signal of pupil skills, it is likely they will uskis information as a criterion
for hiring. In the long run this should increase the incentive to petfimrstudents,
as they learn the importance of this signalling (Betts and Qazd@0, Bishop and
Mane 2001).

Our second main explanatory variable, the percentage of parenthdoses their
child’s school based on reputation or proposed study programs, is a mefatere
intensity of school choice in a given region. The intensity of schboice by
parents can be a result of legislation (that determines whigignemmay choose at
all) but also of geography (if there are few local schools chsicemited) or
variance in school quality (if all schools are high quality, residebecomes the
main criterion). The relevance of school choice obviously increaseés the
proportion of parents participating and the schools’ incentive to perfoouid be

maximal when all parents use quality criterions.



The second reason why we choose to use regional variables is thaintiney
variables of school comparison to a standard and school choice are solgect
potential endogeneity problem. Indeed, it could be that only more matiete
well-performing schools choose to look at their relative performaiiocethe
contrary, it could also be the case that for instance public sclhioatsare
considered “at-risk” are more closely monitored on performance byutherities
than are more average schools. Also, parents that choose a schbell@sis of
reputation or program might be more educated and/or motivated as &meyton
provide their children with best possible learning environment. Weviediiat the
regionally aggregated variables are not subject to the typenddgeneity bias
mentioned above. We assume that the intrinsic motivation of schoglsttiat
related to an enthusiastic principal or particularly efficieabperation between
teachers) is normally distributed in all the regions. If therkarger proportion of
schools comparing their test scores in a given region, we asbattéis is due to
the institutional setting or regional common practice. The impa¢he regional
preference for or common practice of school comparisons is preaisatywe want
to estimate. The proportion of parents choosing their children’s stlased on
quality related criteria on the other is likely to be relatedhe average level of
education and wealth in the region. We take this into account by incledirggal

regional characteristics we think could be related to school choice.

Descriptive statistics of the regional percentage of schoolpaxing their students'
results and the regional percentage of parents choosing the schodl drase
reputation or study program are presented in graph 1 at a nationalVia/ean
observe that there is important variation in this percentage. fieeikatrue also at

the regional level as can be seen in graphs 2-19 and 20-39. Note that in



estimations we use only the regional percentages. Coming baclkgb dr we
observe that the national percentages correspond at first sighaitowe know of
national education systems. Belgium, Italy and Brazil for msteshow a very low
level of school comparisons (less than 10% of schools compare to adjamntha
very high level of school choice (more than 60% of parents choose school for
quality of program). These are countries where parents haveffgiblschoice but
there is no central standard for school performance. On the otherdoamties
like Iceland and Finland have strong national standards for student pemf@m
(more than 60% of school compare to a standard) but there is vkrystttool
choice for parents (less than 20 %). The latter are strongiiyratised public
educational systems. Another group of countries including Germangc&rgpain
and Switzerland, have no centralised performance standard but grarts parky
limited school choice. These countries often present important regiotzaomy to
decide upon student curricula and allocate pupils to schools by resigenctly,
countries like the United Kingdom, Australia or Canada give fllbstchoice to
parents and have centralised curriculum standards to assess sd¢heotraent.
Finally, the rest of the countries in our sample have partialcalum guidance
from the State and a variable degree of school choice. Thesspmrdeto very
different institutional settings (many of these countries havedggreous regions)
that yield variable degrees of school comparison to a regional onaksitandard

and variable intensity of school choice.
2.2. Database and choice of control valeab

This paper uses cross-section data from the OECD survey condu2@Bin
as part of the Program for International Student Assessmem)(FlSe PISA 2003

database contains comparable math, science and reading testo$@szsnple of



15 years-old pupils coming from 40 OECD and non-OECD countries. We have
regional information only for the 18 countries that we use in our asalykis
corresponds to 116092 observations after removal of missing data. Pepitsted
within schools, potentially attending different grades. All theelents in the sample
took a standard reading, math, and science test, which providedtteectes. The
scores are comparable across countries but not across disciplmesampling
procedure ensures that schools and pupils inside them are randomigdseled
that the sampled set of students is representative of the coustodent
population. Moreover, for each pupilrained in schog|, the PISA data provides us
with a large number of variables characterizing the studenfaitdly and the
school it is attending, from which we selected the variablesast to our analysis.
Following a common practice in the literature (Brown, 1991; Vigneled. 2000),

we use the test scores normalizednean 500 and variance 100 as a measure of

educational output.

Besides our variable of interest, the percentage of schools compaeir student’s
test scores to a regional or national average, and the percehfzents choosing
the school because it has a good reputation or a special program,1Tgivkes
summary statistics of our dependant and explanatory variables.aftbe were
chosen in order to avoid correlations, while staying as close ablpots the
conceptual framework sketched in the theoretical literature, @rgemer, 1994;
Scheerens, 1997; Creemetsal, 2000). A small number of factors are herein put
forward to explain pupils’ success: (1) their initial aptitud€8) perseverance or
effort, (3) the opportunities offered to them, and (4) the qualitpgifuction. First

of all, relying on an extensive literature (e.g. EhrenbergdiGatieret al 1995;

McNabb, Sarmisthat al 2002), we control for gender (the dummyy) and age



as observable individual characteristics that may afiféttal aptitudes. Secondly,

in order to include some measure of perseveranceféod, even though it is most
likely correlated with parental effort, we added the number of heach pupil
spends doing homework each weeloMEWORK) and information on whether it
attends a vocational or general type of educgtf@TED). We then chose relevant
measures and/or proxies for the two remaining groups of factdesl lebove,
starting with theopportunities offered to pupils. These are represented firstly by
the size of the city the pupil lives iify SIZE). A larger city may e.g. provide
more social services, a better library or simply have actmedsetter teaching
materials. Another very important determinant of overall opporturdtiedable is
the pupil’s family background. This includes information on whether the pugs
with both parentsNON-NUCLEAR FAMILY dummy), the level of education of the
highest educated paremARENT EDUCATION), the highest OECD socio-economic
index in the household®PARENTS SOCIO-ECO STATUS and the language, foreign or
not, spoken at hoOme&Q®REIGN LANGUAGE AT HOMB. We also included the number
of books in the house, as estimated by pupil in number of shelueER OF
BOOKS), and the relative availability of learning resources at hanwg EDUC.
RESOURCES$. Several studies (e.g. Murnaeeal, 1981) suggest that the number of
books at home is a fairly reliable proxy to describe a famihyination towards
learning. Home educational resources is an index based on the awaidliibme
of a desk to study at, a quiet place to study, a calculator arti@dry as well as
books useful for homework. For more details on the construction if thix inde
please refer to OECD (2003). Theality of instruction was captured by several
school variables. We first introduced the type of funding the schaes reh. If the

school the pupil is attending relies for more than 50% on public funding oungum
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PUBLICSCHOOL equals one, zero otherwise. We also include information on the
school's educational resourceslOOL EDUC. MATERIAL) based on the availability

of books, computers, software, calculators, library materelslio-visual and
laboratory equipment. And we include the ratio of computers for studenper
student. As mentioned before, however, many studies (Hanushek 1997, 2003;
Hoxby, 2000) underline that the effect of material resources isystematic, and
suggest that institutional factors and incentives structures lraag a stronger
effect. Woessmann (2000), using country-level data from PISA, found tha
students’ performance could stem primarily from institutional antioac
organizational characteristics, such as autonomy in school manatgeeusions.

To explore this possibility, we added four school-level institutiondicators that
complete our description of tlgality of instruction : the degree of centralization

of the decisions made on teacher hiring and wage increaseszehaf sihe school
budget, and defining course contents. These are dummy variablesoeguelit the

decision is taken outside the school, zero otherwise.

The percentage of schools comparing to a national or regional steanuthrihe
percentage of parents choosing school for quality or program aoaaegariables.

It could be that unobserved regional level characteristics arelated to test scores
and our main explanatory variables, biasing results. By definitonamnot include
the unobserved regional variables. However, it is possible to test t
percentcompare and percentparentchoice are robust to including actsenfed
regional variables. The regional variables we include are tfiena average socio-
economic status of parents, regional average parent education anefiteal
unemployment rate to control for the regional economic and socialiGituas to

the regional level of school quality, we control for it by usingrdgional average
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of school educational resources, its variance, and an index of regicmabl
segregation. The latter is a segregation index measuring/énega proportion of
pupils of a school that should change schools in order to have a homogeneous
distribution of minority pupils across the region. If there are thigty percent of
foreigners in a region, then the index indicates what proportion ofrétugieould
change schools for each school in the region to have one third foreign pineils
minority considered for segregation here are pupils whose parentdelsavihan
general secondary schooling. It is therefore a measure of segiagation. Please
refer to Zoloth (1976) for the exact definition of the segregation indére
segregation index is standardised at mean 0 for ease of iratigpreThe variance
of the regional level of school educational resources might atfecdegree of
school choice. If all schools have a comparable quality level the@ incentive to
practice school choice. To the contrary, if schools are veryreiffen quality, we

expect concerned parents to do more effort for choosing an acceptadié s

3. Econometric modelling and estimation strategy.

3.1. The mixed model

We estimate an education production function. It is defined as aciesffi

technology (Cooper and John, 1997) turning a vector of educational inputs X into a

vector of output Y:

Y =1(X) (1)

In Equation (1) above, X may include such inputs as a child’s ahilliisgher
family background and/or educational resources, and where Y maydieftsst
scores or exam results. In theoretical works, the education praaiatctionf

may appear as a “black box”, with its the functional form lefipengied. Applied
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analyses, however, generally rely on a classical regreapmoach, which assumes
a linear (or log-linear) shape fdrIn this study, we expand the linear regression
method by taking into account the hierarchical (or clustered) natutieedPISA
2003 data. Indeed students are grouped in schools that function in a particula
country. It is to be expected that test scores of students ama school are
correlated with each other as a result of unobserved school chatesteFor
instance, there could be a nice atmosphere in the school, or stigiggichers that
work together in a particularly efficient way, or even a spegfouping of pupils

or the availability of a good library that enhance the performancal afchool
pupils but that we cannot observe. In a similar way, averagevacmamt of schools

in a same country could be correlated as schools and pupils are sdbimith
common political and economic environment that we can again not measing

a so-called mixed model allows us to take into account the hierallgigorrelated
structure of the test score variance. We include country dummiesapture
unobserved country effects, and nested school effects that are d4dsuneedrawn
from a normal distribution. We do not observe all schools thereforasgemption
that the unobserved school effects in our dataset are randomly doava frormal
distribution of positive and negative influences is plausible. The unolisscheol
effects are called ‘nested’ because they may be correlasgteia same country.

The resulting mixed modes written:

Yiik = Bk + Xijk-B + Vik + €ijk (3)

where, for student in schoolj in countryk, Yijx is the test score in a given
discipline, X is the vector of explanatory variables, ghds associated vector of

parameters. The X variables include the individual, family, sclhodl regional
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control variables as well #ERCENTCOMPAREANdPERCENTPARENTCHOICE[ IS

a set of country dummiesyy (the unobserved school effect) is assumed to be
drawn from a normal distribution and nested within coujjtande;i the residual
term. Similar models, also known as multilevel mod@iang, Goldstein et al,
2002), have been used to analyse examination results in a single ¢thentopited
Kingdom) and a single discipline (Mathematics). The model weebplere is both
simple and convenient, and fitted to the analysis of several courarids
disciplines. Mixed models are estimated using the Maximum hi&etl technique
imposing the particular hierarchical structure to the variancereona matrix.

Singer (1998) provides a detailed summary of this estimation procedure.

It could be the case that the effect OPERCENTCOMPARE and
PERCENTPARENTCHOICEvaries across different countries. We test whether the
coefficients of these variables are the same for all courdmelswhether each
country’'s coefficients are significantly different from thosdh# reference country
Canada. This is done by including crossed effects of these explamat@bles

with the country dummies.

Moreover, we expect the impact of schools comparing their perfomarec

regional standard and the practice of parent school ctoiepend on a series of
factors. First of all, we test for a potentially differeffiect on test scores of
PERCENTCOMPAREANAPERCENTPARENTCHOICEccording to whether the school is
publicly funded. Indeed, we could expect that schools that do not depend de priva
funding are less affected by competition since public funding less dé&pends on
school quality. On the other hand, if the state applies sanctioow-jodrforming

schools or to the contrary grants them extra support, then publiclydiseteol
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might react to school choice and comparison. We test this hypoallyasiduding

crossed effectBUBLICSCHOOL*PERCENTCOMPAREINAPUBLICSCHOOL*

PERCENTPARENTCHOICE.

Secondly, we expect that more autonomous schools, i.e. schools thaehesien-
making power on teacher hiring and wages, school budget and course c¢ontents
should be more capable of reacting efficiently to a given perforenstandard and
competition. For example, schools that can decide which teachler® tand how

much to pay them, should be able to choose those teachers that corresgpdaad be
their specific pupils and environment. This hypothesis is tested wsoxged
effects PERCENTCOMPARE times the four central decision making dummies and
PERCENTPARENTCHOICEtimes the four central decision making dummies. The
results of the estimations for the three disciplines (mathsljiirg@ and science) are

given and commented in the next section.
3.2.  Low versus high-performing pupils

It is well established in the theoretical literature that M®vsus high-performing
pupils might react differently to an external performance stdndiaseems that
high and average-performing pupils should be stimulated to more effoan by
external standard as it provides them with a valuable signal otaltber and
academic market. To the contrary, lower performing pupils mighdis®uraged

by a standard they feel unable to reach and diminish effort @edt&rogger 2002,
Bishop and Mane 2001). School choice in turn might lead to higher standdods or
segregation between schools that may have both positive or negapiaetsnon
student results, as explained in section 2.1. In order to test wisetin@ol choice
and school performance comparisons affect low versus high performing pupil

differently in our model, we split up our dataset into subsamplesl lmasquantiles
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of the test scores distribution by schodhe subsamples correspond to pupils
belonging to different quantiles of the test scores distribution in sbool. This
means that we take the 5% lowest performing pupils from each schoamhstitute
our first subsample. The 10% lowest performing pupils from each scbostitute

the second subsample. We then take the pupils that have test sabresnierval
from 10 to 25% lowest test scores in their school to be in anothernspiesa
between 25 and 50 percent of lowest test scores, 50 to 75 percent, 751t 90,
percent highest test scores and 5 percent highest test scihrig®sA subsamples
are estimated separately using the mixed model. In ordert twhether coefficients
are significantly different from one subsample to another we ecrdammy
variables for each subsample. If a pupil belongs to subsample 1 thdnrtimay
QUANTILE5 equals one, otherwise zero. Following this principle, we cragtg e
dummy variables: QUANTILE5, QUANTILE10, QUANTILE25, QUANTILE5O0,
QUANTILE75, QUANTILE90, QUANTILEH10 and QUANTILEH5. We include these
dummies and these dummies crossed with the variables of interest
PERCENTCOMPAREand PERCENTPARENTCHOICEINn the mixed model to test for

differences in the coefficients across subsamples.

4. Empirical results

4.1. Mixed model

Table 2 gives the parameter and standard deviation estimates rofxéa model

for mathematics, reading and science test scores respedieelyll from Section 2
that test scores are standardised at mean 500 and standard deviatfon 800
countries. This means we can interpret the coefficients asmnages of standard
deviation in student test scores. The results of the estimatpeamato be quite

consistent across disciplines. Individual and family charact=idiave a very
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significant effect on test scores, in line with the literatufhe case of gender is
interesting, since it shows that female students can expedr Issores in
mathematics and science, but higher scores in reading. Thisisesiatilar to what
is generally observed in the literature (e.g., Ehrenberg, Goldetba, 1995).
Possibly, innate differences in ways of assimilating mathsraading between
boys and girls and/or unconscious different expectations from each gerederh
discipline by teachers may yield this gender gap. Parents edu@atd socio-
economic status as well as the family structure, the langsagesn at home and
the number of books at home play a very significant role in predisichglar
achievement. As expected, the type of school attended by pupils hay a ve
significant impact on test scores in all disciplines. Beingainocational track

decreases scores by around 25 points on average across disciplines.

Sufficient availability of educational material in a school digantly improves
student performance, more computers available for student use do retthiibt
school educational material here measures the sufficient aligilafia library,
software and laboratory equipment which are very specific miatesaurces and
they are measured in terms of need rather than mere quantgycdiid explain
why this material resources variables has a significanttefiéne centralisation of
teacher hiring determination of school budget has a significant negdtect (of
around 10 points) on student test scores. This result pleads in favocinoof s
autonomy in making these decisions. Intuitively we can explain thetivega
influence of central decision-making by the idea that schools are &fficient in
making certain decisions as they now their needs and constrairgs theih a

central authority. This is not true of teacher wage decisions@mde contents, the
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degree of centralised decision-making on those topics has no signifigzatt on

test scores.

The percentage of schools comparing to a regional or national stdradasdsmall
but significant positive effect on pupil’'s test scores in all ghdisciplines.
Coefficients are between 7 (science) and 10 (reading), meaninegitital percent
increase in the number of schools comparing themselves to a stantfadegion

is related to an improvement in student test scores of around 2 pmatBc{ent
times 0.27, the standard deviationfr®RCENTCOMPARE The regional percentage
of parents making school choice based on reputation or program also has a
significantly positive effect on test scores in all disciplirieach percent increase in
parents choosing schools for program or quality is related to aragecia test
scores of between 3.5 (science) and 5.7 (reading) points. Theds agsubbust to
including regional control variables (Table 3). Noticeably, the wefit of
PERCENTCOMPAREINcreases a little (to an effect of around 2.5 test score points
whereas that oPERCENTPARENTCHOICEremains the same. Both coefficients are
highly significant and of the same sign and magnitude as in 8tesfiecification.
Two of the regional control variables also have a significancteffene percent
additional unemployment is correlated with a 7 points decreasetisda®s on
average and the average regional level of school educational resalsce

positively affects student results.

Crossed effects of the variables of interest times the codatnynies yield a mixed
impression as to the similarity of the effects across cosntsiee tables 4 and 5).
Overall, the coefficients of both coefficients are significamdifferent from one
country to another. More of half of the country coefficients for botiabbkes are

not significantly different from that of the reference country&i. However, the
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percentage of country coefficients that are comparable to tHaamdda is larger

for PERCENTCOMPARE The lowest percentage of comparable coefficients for the
latter variable is that for science test scores (53%) , bothar 5 country
coefficients out of 17 (another 30%) are significantly different @lg 10 percent
confidence level. Differences in country coefficients FBRCENTPARENTCHOICE

on the other hand concern about half of the countries in the sample. Wiadeonc
that country differences in the impact of the regional percerghgarent school
choice are more pronounced than in the impact of regional school comparisons
Note that we present only coefficients of the crossed effectthéwdstimations are
done using the same specification as before. This is the casdl fables with

crossed effects.

Our finding that the percentage of schools comparing their resuétségional or
national standard and school choice have a small but significant pasipaet on
student performance is in line with results on school accountalbdity the US and

the UK mentioned in the introduction.
4.2. Are more autonomous schools more responsisehimol choice and comparisons?

In a next step, we would like to test whether schools are meponsive to
regional school comparisons and school choice if they have more deuskong
autonomy. Therefore we include in our mixed model crossed effecteof
autonomy of decision-making variables time®ERCENTCOMPARE and
PERCENTPARENTCHOICE Centralisation of decisions relate to setting teacher
wages, hiring teachers, budget and course content. As can ba 3adxhes 6 and 7,

all of these yield no evidence of relevance of such autonomy. None ofabsed

effects are significantly different from zero. Hence acewydb our specification,
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more decision-making autonomy does not make schools more able to respond to

school comparison to a regional or national standard or to parent schaal. choi

Another point of interest was to determine whether schools thaublely funded
benefit less from school comparisons to an national or regional stazaddrfrom
school choice than schools that depend on private funding. As we canTsd#en
8, though our results as to the positive impact of schools comparimgexternal
standard and school choice are preserved, the coefficients of tsecceftect are
not significantly different from zero. So relying on public funding doesseem to

modify the effect of school comparison or school choice.
4.3. Low versus high-performing pupils

The results of the mixed model estimations on different quantilesudnt test
scores are presented in graphs 40 to 45. They represent the eotsffiof
PERCENTCOMPAREANdPERCENTPARENTCHOICHoOr the eight subsamples of pupils
defined in section 3.2. When the quantile’s coefficients are not fisaymtly
different from zero (at a 10% level of confidence) the line isedoitistead of full.
In all disciplines, it appears that there is a decreasimgl tre the coefficient of
PERCENTPARENTCHOICE(this can be seen on graphs 40 to 42). Whereas the
regional percentage of parents choosing schools based on reputation ampnagr
a large significant positive impact of around 80*0,16= 12,8 test sconéspm the
5% lowest performing pupils’ results, it has a much smallerigatfieant effect of
around 4 test score points for the 5% highest performing pupilsdisaiplines (on
average). These coefficients are all significantly difiefeom each other and from
the 50% quantile sample coefficient as you can see in Table 9inflluates that it
are the less than average performing pupils that benefit mosttfi@mtensity of

regional school choice. How should we interpret this result? Thehda® been
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divided into subsamples of pupils by level of performance. This means.thahe
coefficient of percentparentchoice for the lowest performing qeargjpresents the
effect of the percentage of parents school choice among the lpesdstming
pupils in each school. According to our results, more school choice pastae
effect on test scores for all pupils. However, if more lowqrening pupils parents
exert school choice in a region based on quality or program thisrhasegpositive

impact on their children’s test scores than if more high-perforpamgnts do so.

From charts 43 to 45 we conclude that the regional percentage of sthatls
compare their results to a national or regional standard has nficsigneffect on

the lowest nor the highest performing pupils (from the 25 percent towes
performing quantile and the 10 percent highest performing quantile)lafdest
group of average performing pupils in each school on the other hand benefits
significantly by about 3 test scores points from schools compariagtandard in

the region. This is true for all disciplines. Coefficients rasesignificantly different

from each other in different quantiles in maths and in science. i@mbading are

the extreme quantiles significantly different from the coedfitiin quantile 25, 50

and 75 (Table 10). The latter correspond to the average performing grpupilst

the only one that benefits from school comparison to a standard.

21



5. Conclusion

In this paper, we used the PISA 2003 cross section data to esthmate
impact of the percentage of schools comparing their students pemfenta a
regional or national standard and that of the regional intensity ehipachool
choice on student test scores in math, reading and science. Intomiaée into
account the hierarchical nature of the data, we used a so-o@ked model that
allows for correlation of test scores in a same school nestadsame country to
estimate an “education production function”. Our results echo the findintse
existing literature from the United States and the United Kingdonime sense that
school choice and accountability seem to play a small but significde to
improve student performance. We find that the percentage of schooparogn
their students results in a given region significantly increstsekents test scores by
about 3% of a standard deviation in all specifications. Autonomous decision
making as to teacher hiring also significantly increasesteses (by around 4% of
a standard deviation). We do not find evidence of more autonomous schools or
privately funded schools reacting more efficiently to the percentdgregional
comparisons or school choice. Finally, we do find differences inntipadt of the
percentage of schools comparing their results regionally and schoick calong
the test scores distribution for all disciplines. Only averagéomeing students
seem to gain from an increase in the regional percentage of sdmopérison. The
effect of the intensity of school choice is decreasing with pupifopeance
meaning that low-performing students benefit most from increadedischoice by

their parents.
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Table 1: Descriptive statistics

Mean | Std. Dev.

Dependant variables

Score in maths 500 100
Score in reading 500 100
Score in science 500 100

Explanatory variables

Initial aptitudes

Boy 0.49 0.50
Age 15.81 0.29
Effort

Homework (hours per week) 5.42 5.44
Vocational education 0.17 0.38

Opportunities

City size 2.99 1.13
Number of books at home 3.30 1.45
Non-nuclear family 0.28 0.45
Foreign lang. At home 0.03 0.18
Parents education 4.10 1.70
Parents socio-eco status 48,06 17.23
Home Educ. Resources 0.00 1.00
Quality of instruction

School Educ Material 0.00 1.00
Ratio computers/student 0.09 0.10
Central course content 0.40 0.49
Central teacher hiring 0.37 0.48
Central budget 0.29 0.45
Central teacher wage 0.78 0.42
Publicly funded school 0.87 0.34
Regional variables

Percentcompare region 0.4P 0.26
Percentparentchoice region 0.48 0.16
Unemployment rate region 0.03 0.02
School Segregation region 0.00 1.00
Average socio-eco status regian 48,06 4.88
Average parent education regipn4.12 0.78
Average school material region 0.00 0.50
Variance school material region  0.84 0.19

Number of Obs. 116092
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Table 2 : Mixed model, dependant variable: test scores

MATH READ SCIENCE

Coeff. StdErnCoeff. StdErfCoeff. StdErr
Intercept 27482+ 13.01] 283.09+ 13.81 200.59+ 13.98
Initial aptitudes
Boy 18.46+ 0.43| -24.92+ 0.46| 13.83» 0.47
Age 9.5 0.75 9.87++ 0.80| 13.51» 0.82
Effort
Homework 1.49+ 0.04 1.80~ 0.04 1.71= 0.05
Vocational track -26.46* 1.44| -23.66+ 1.48| -24.75 1.47
Opportunities
City size 4.39+ 0.56 5.03=+ 0.55 3.68+ 0.54
Number of books 9.6% 0.18 8.33» 0.19| 10.24~ 0.20
Non-nuclear family -7.58« 0.47| -6.36~ 0.50| -6.78+ 0.51
Foreign lang. at home -20.28 1.19| -32.88+ 1.29| -33.47= 1.31
Parent education 0.25 0.16 0.63+ 0.17 1.05+ 0.17
Parent socio-eco status 0:63 0.01 0.56+ 0.02 0.56++ 0.02
Home Educ. Resources 7:27 0.24 8.43+ 0.25 7.40~+ 0.26
Quality of instruction
School Educ. Material 5% 0.67 5.62=+ 0.65 5.38++ 0.64
Ratio computer/student 8.63 7.78 9.11 7.61| -052 7.44
Central course content 1.40 1.42 2.08 1.39 2.16 1.36
Central teacher hiring -10.%F 1.77| -11.47= 1.73| -9.85+ 1.69
Central school budget -3.60 1.55| -3.89+ 1.52| -4.52 148
Central teacher wage 486 1.73 3.16+ 1.69 179 1.65
Publicly funded school -3.57 2.03| -2.82 198| -4.03+ 1.94
Regional variables
Percent compare 8.41 3.76 9.93+ 3.68 7.09+« 3.59
Percentparentchoice 3169 9.58| 35.79+ 9.35| 21.87~ 9.14
Number of obs 116092
* xx +x% respectively stand for significance at the 10, 5 and 1% levels of confidence.
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Table 3: mixed model with regional control variables, dependantariable: test

scores
MATH READ SCIENCE
Coeff. StdErr | Coeff. StdErCoeff. StdErr
Intercept 297.85« 19.55 303.74+ 19.85| 230.88+ 19.79
Initial aptitudes
Boy 18.46-  0.43 -24.92~ 0.46 13.83«  0.47
Age 9.55+  0.75 9.9k 0.80 1353« 0.82
Effort
Homework 149~ 0.04 1.80= 0.04 1.7k  0.05
Vocational track -26.9% 144 -24.26= 1.47 -25.16~  1.47
Opportunities
Number of books 9.68 0.18 8.35= 0.19 10.2%+«  0.20
City Size 41%+ 0.58 4,75« 0.56 3.54=  0.55
Non-nuclear family -7.5%«  0.47 -6.35~ 0.50 -6.7F#=  0.51
Foreign lang. at home -20.22  1.19 -32.8F+ 1.29 -33.45~+  1.31
Parents education 0.25 0.16 0.62= 0.17 1.05~  0.17
Parents socio-eco status 053 0.01 0.56+ 0.02 0.56=  0.02
Home Educ. Resources 724 0.24 8.39= 0.25 7.3F 0.26
Quality of instruction
School Educ. Material 463 0.68 4.5% 0.67 4.69+ 0.65
Ratio computers/student 234 7.73 3.37 7.57 -5.23 7.43
Central course content 169 141 2.38 1.38 2.33 1.35
Central teacher hiring 959 1.75 -10.56+= 1.71 -9.03»  1.68
Central school budget -3.22 1.54 -3.43+ 151 -4.04~  1.48
Central teacher wage 3#1 1.71 2.41 1.67 1.45 1.64
Publicly funded school -3.30 2.01 -3.09 1.96 -4.20~* 1.92
Regional variables
Average socio-eco status regign -0:81 0.45 -0.96~ 0.44 -0.34 0.44
Average parents education region 5.45 4.02 6.6 3.93 -1.76 3.86
Average school material region 1165 2.52 11.06= 2.46 6.98~ 2.41
Variance school material region 1.82 4.27 7.04 417 3.56 4.09
Regional school segregation 0.38 1.01 0.92 0.98 0.78 0.96
Unemployment rate region -383#0 4252 | -355.2F++ 41.55| -306.61% 40.81
Percentcompare 10.24  3.79 11.3% 3.70 8.56+ 3.64
Percentparentchoice 3384 10.34 34.93+ 10.10 22. 7% 9.91
Number of Obs. 116092

* xx kxx regpectively stand for significance at the 10, 5 and 1% levels of confidence
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Table 4: Coefficients of percentcompare by countrydo they differ from the coefficient for
reference country Canada? Mixed model with same spéication as table 2 plus crossed
effects. Dependant variable: test scores

MATH READ SCIENCE

F Value F Value F Value
Test: slopes are equal6.94 <.0001Different| 5.43 <.0001Different 6  <.0001Different
Australia 5.11 0.024 Different2.55 0.110 Equal 3.45 0.063 Different
Belgium 84.7 <.000Different| 69.48 <.000DDifferent | 59.98 <.000Different
Brazil 5.57 0.018 Different 1.22 0.270 Equal 3.14 0.076 Different
Czech Republic 3.07 0.080 Differen.54 0.111 Equal 291 0.088 Different
Finland 0.16 0.685 Equal 0.2 0.658 Equal 0.01 0.929 Equal
Germany 0.03 0.855 Equal 0.19 0.663 Equal 0.13 0.722 Equal
Greece 2.66 0.103 Equal 0.67 0.415 Equal 0.07 0.792 Equal
Iceland 0.55 0.456 Equal 1.78 0.183 Equal 2.95 0.086 Different
ltaly 0.01 0.920 Equal 1.31 0.253 Equal 3.26  0.071 Different
Mexico 0.18 0.672 Equal 2.03 0.155 Equal 1.16 0.282 Equal
Portugal 1.93 0.165 Equal 0.56 0.455 Equal 2.23 0.135 Equal
Slovakia 0.39 0.532 Equal 0.95 0.330 Equal 0.79 0.373 Equal
Spain 0.67 0.414 Equal 0 0.960 Equal 12.93 0.000 Different
Switzerland 2.69 0.101 Equal 2.38 0.123 Equal 0.82 0.366 Equal
Tunisia 1.47 0.225 Equal 0.53 0.467 Equal 2.2 0.138 Equal
Turkey 7.46 0.006 Different3.68 0.055 Differentf 4.34 0.037 Different
United Kingdom 0.33 0.565 Equal 0.04 0.837 Equal 0.1 0.751 Equal
Percentage equal 0.71 0.88 0.53
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Table 5: Coefficients of percentparentchoice by caury: do they differ from the coefficient for
reference country Canada? Mixed model with same sp#ication as in table 2 plus crossed
effects. Dependant variable: test scores

MATH READ SCIENCE

F Value Pr> F F Value Pr > F F Value Pr>F
Test slopes are equal5.13 <.0001Different| 5.86 <.0001Different| 4.26 <.0001Different
Australia 49 0.027 Different 5.14 0.023 Different 6.44 0.011 Different
Belgium 23.71 <.000Different| 17.27 <.000Different| 20.43 <.000DDifferent
Brazil 17.53 <.000Different| 24.86 <.000Different| 13.78 0.000 Different
Czech Republic 0.92 0.337 Equal 0.75 0.387 Equal 1.21 0.272 Equal
Finland 2.7 0.100 Equal 4.05 0.044 Differend.37 0.037 Different
Germany 0.72 0.398 Equal 0.36 0.550 Equa 0.42 0.519 Equal
Greece 0.04 0.837 Equal 1.32 0.251 Equal 2.22 0.136 Equal
Iceland 0.99 0.319 Equal 2.75 0.097 Differen8.97 0.046 Different
ltaly 11.08 0.001 Different 20.66 <.0001Different| 0.05 0.820 Equal
Mexico 0.09 0.768 Equal 0.14 0.704 Equal 0.4 0.529 Equal
Portugal 0.48 0.487 Equal 0.33 0.565 Equa 0.66 0.415 Equal
Slovakia 0.17 0.682 Equal 0.16 0.690 Equa 0.22 0.639 Equal
Spain 0.26 0.609 Equal 3.38 0.066 Different9.7 0.002 Different
Switzerland 4.57 0.033 Different 5.5 0.019 Differenf 7.95 0.005 Different
Tunisia 0.15 0.699 Equal 0.34 0.558 Equal 0.19 0.659 Equal
Turkey 1.63 0.202 Equal 0.73 0.393 Equal 1.72 0.190 Equal
United Kingdom 11.98 0.001 Different6.82 0.009 Different 0.1  0.750 Equal
Percent equal 0.65 0.47 0.59
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Table 6: Mixed model (as in table 2) with crossedffects centralised decision-making times
percentparentchoice. Dependant variable: test scose

MATH READ SCIENCE

Effect Estimate  StdErr|Estimate  StdErn Estimate
Intercept 179.3%* 13.37| 191.0&** 14.16| 114.69** 14.39
Percentcompare 10.847% 341 12.22** 3.34 9.18** 3.34
Percentparentchoice 3.64 12.25 11.85 12.03 -0.49 12.01
Central course content -4.80 3.81 -1.27 3.74 -1.79 3.74
Central teacher hiring -6.93 455 -12.87*  4.46 -84 4.45
Central school budget -9.67 3.89 -7.76** 3.82 -7.81** 3.82
Central teacher wage -0.24 5.32 0.57 5.23 -1.67  5.22
Percentparentchoice*central course conterit3.76* 7.53 7.59 7.38 8.93 7.37
Percentparentchoice*central teacher wage 8.1510.34 3.99 10.17 5.96 10.15
Percentparentchoice*central teacher hifing-1.70 9.25 9.46 9.06 290 9.04
Percentparentchoice*central school bngeﬂl.QZ 7.76 7.30 7.61 6.09 7.60

* xx kxx reagpectively stand for significance at the 10, 5 and 1 percent levels of confidence.

Table 7: Mixed model (as in table 2) with crossedffects centralised decision-making times
percentcompare. Dependant variable: test scores

MATH READ SCIENCE
Effect Estimate StdErf Estimate  StdErf Estimate  StdErr
Central course content -0.01 2.55 0.50 2.50 0.06 2.50
Central teacher hiring -8.6% 3.20| -10.34** 3.14 -8.69** 3.14
Central school budget -4.65 2.98 -1.89 2.92 -2.63 2.91
Central teacher wage -5.10 3.95 -2.79 3.88 0.47 3.87
Percentcompare -4.00 5.90 3.11 5.79 5.91 5.78
Percentparentchoice 21.76 8.69 25.72** 8.52 12.14 8.50
Percentcompare*central course content 4.004.80 4.09 4.71 5.15 4.70
Percentcompare*central teacher wage 15%096.32 9.61 6.20 1.69 6.19
Percentcompare*central teacher hiring 2.235.79 3.77 5.67 3.20 5.66
Percentcompare*central school budget 0.86 5.28 -5.00 5.17 -4.47 5.16

* *x kxx regpectively stand for significance at the 10, 5 and 1 percent levels of confidence
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Table 8: Mixed model (as in table 2) with crossedfiects publicschool times percentcompare
and percentparentchoice. Dependant variable: tescsres

MATH READ SCIENCE
Effect Estimate  StdEr Estimate  StdErr Estimate StdErr
Intercept 157.68* 14.78| 175.09** 15.45 97.78** 15.65
Publicschool 7.15 9.05 3.96 8.89 4.42 8.88
Percentcompare 13.55 7.54 22.34** 7.39 17.07* 7.37
Percentparentchoice 3986 15.07 30.83* 14.79 22.19 14.76
Percentparentchoice*publicschool -20.93 14.18| -11.43 7.50 -8.78 7.49
Percentcompare*publicschool -3.13 7.66 -5.32  13.93| -10.78 13.90

* *x +%* respectively stand for significance at the 10, 5 and 1 percent levels of confidence.

Table 9: test differences in coefficients of percéparentchoice between quantiles. Dependant
variable: test scores

Label F vValue Pr>F F value Pr>F F Value Pr>F
Test all coefficients
are equal 268.1 <.00(Different 158.22 <.0001Different 236.4 <.000Different

Test g10=0g50
Test g25=050
Test q75=050
Test g90=0g50
Test 995=050

246.26<.0001Different
97.97 <.00Mifferent

94.51 <.00@iffer
231.46<.0001Differ
301.7%<.0001Differ

73.88
ent
ent
ent

203.24 <.0001Different
<.0001Different
50.34 <.0001Different
105.65 <.0001|Different
118.74 <.0001|Different

119.94 <.0001Different
67.04 <.000DDifferent
116.22 <.0001Different
299.57 <.0001Different
316.9 <.000Different

Table 10: Test differences in coefficients of peroécompare between quantiles. Dependant
variable: test scores

MATHS READ SCIENCE
Label F ValuePr > F F Value Pr>F F Value Pr>F
Test all coefficients
are equal 1.42 0.21Equal 10.48 <.0001Different| 1.71  0.128 Equal
Test q10=g50 0.70 0.40Equal 17.38 <.0001Different| 2.29  0.130 Equal
Test g25=050 0.02 0.88FEqual 2.66 0.103] Equal 2.07 0.150 Equal
Test q75=050 0.91 0.34&qual 0.19 0.660] Equal 0.47  0.493 Equal
Test q90=0g50 1.00 0.31&quall 3.60 0.058 Different 0.20 0.652 Equal
Test q95=050 409 0.048qual 13.43 0.000 Differeqt 0.70 0.401 Equal
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Graph 1: PERCENTPARENTCHOICE and PERCENTCOMPARE, by country
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Graphs 2-13: Percentage of schools comparing their pupils relssi to a national or regional
performance level, by country and by region.
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Graphs 14-19 : Percentage of schools comparing their results tonational or regional standard,
by country and by region.
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Graphs 20-32 : Percentage of parestsoosing their children’s school based on reputation or
program, by country and by region.
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Graphs 33-39 : Percentage of parents choosing their children&hool based on reputation or
program, by country and by region.



Graphs 40-42 : By quantile of pupils test scoresariable percentparentchoice.
Dependant variables: pupils’ test scores in respéee disciplines.
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Graphs 43-45 : By quantile of pupils test scores viable percentcompare.
Dependant variables: pupils test scores in respeeg disciplines.
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Coefficient of PERCENTCOMPARE by quantile,
Dependant variable: science test scores
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