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Abstract:

A whole branch of the economic literature suggests that institutionatatiffes between and
inside educational systems may have a larger influence on studertsy@ar€e than the amount of
resources devoted to schooling. In this paper, we use the PISA 2e@fkaiitnal OECD data to
evaluate the impacts of organizational and institutional factors on stugerfrmance. We estimate
an education production function with country fixed-effect and school randeatéfe find that,
alongside individual characteristics, school autonomy in decisions regardingetheitment of new
personnel as well as pedagogical training strongly affect students perfoem@mcthe contrary,

measures of school resources and standardised evaluation of students hamsistermt effect.
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Over the last decades, multiple attempts have been toadstimate areducation
production function linking various socio-economic factors to an indicatd students'
performance. This empirical literature, however, lakstb ambiguous results. In particular,
no mechanical relationship between the amount of reso@edeinto the educational system
and pupils’ performances has been identified (e.g. Caleni®66; Hanushek, 2002;
Woessmann, 2003). In this context, some authors suggestealytmore attention to the
organizational aspects of the schooling process, andriicyar to the specific incentive
structures which prevail within schools (Hanushek 1997, Bigthah 2000).

The aim of the present paper is to provide an accurateagial of the impact of
school organizational characteristics on pupils’ resuising recent international OECD data
(which provides detailed information on both pupils and s&)pele estimate an education
production function, controlling for the differences institutional and organizational
arrangements that exist between countries and betwbenls. In a first section, we briefly
summarize the literature on the education productiortifumcin a second section, we present
our data and explain our choice of explanatory varialfestion 3 is devoted to econometric
modelling, with an emphasis put on the estimation gyat®ur main results are presented in

Section 4. Our conclusions are given in a final section.

1. School characteristicsasinputsin the education production function.

After Becker (1962) introduced the concept of human camtanomists began to
regard education as a production process. In particulaypked (initial training) came to be
seen as the process by which individuals acquire thealiathount of human capital, prior to
their entry on the labour market. Theory predicts thditviduals with a higher human capital

will obtain higher wages (or, loosely speaking, “bettdss]). At the macroeconomic level,



the stock (and quality) of human capital in a country ndlyence its long-term economic
growth (e.g. Lucas, 1988; Becketral, 1990; Mankiwet al, 1992).

In that perspective, understanding the reasons why soniis pepform better than
others (and are thus able to undergo longer schooling) leasnbeof critical importance to
economists over the last decades. Drawing a paralielebe the process of human capital
acquisition and a firm’s production process, the concéphaeducation production function
has become the primary tool to investigate this topievi®le branch of the literature has
been dedicated to the estimation of the education produittiection, defined as an efficient
technology (Cooper & Cohn, 1997) turning a vector of inpuiistX a vector of outputs Y:

1) Y=1fX)

In Equation (1) above, X may include such inputs as a chalilies, his/her family
background, and/or educational resources, and where Y mayséeof test scores or exam
results. In the literature, pupils’ outcomes are gehefahction of two different types of
inputs: variables describing the socio-economic profileéhef pupils on the one hand, and
variables describing the “quality” of schools on the o{Mignoleset al, 2000).

In empirical analyses, the education production functios generally takes the form:
(2 Vs =1(Ss, Pis)
where, for an individual trained in schook, y is the outcomeS the vector of school
characteristics, anB the vector of variables describing the pupil’s sociorecaic profile.
Proxies for “school quality” are very often based opesditures (such as school budget, or
expenditures per pupil). Most analyses relying on such mol@vever, have failed to prove
the existence of a systematic relationship betweenoshesources and pupils performance
(Hanushek, 1986, 1989, 1996, 1997; Gundktcal, 1999; Vignolest al, 2000).

For this reason, it has been suggested to concentraamahesis on the organizational

characteristics of schools (e.g. Chubb & Moe, 1990; Woass, 2000; Hanushek 2003). In



the present research, we attempt to do so, by estgnatineducation production function
where institutional and organizational settings are tak#a account, alongside more
“traditional” inputs. The details of our choice of \alrsies and the practical constraints

imposed by the data are developed extensively in the folloseotons.

2. Data and choice of variables.

2.1. THE PISA 200MATABASE

This paper uses cross-section data from the OECD suovelucted in 2000 as part of
the Program for International Student Assessment (PIBi#9 PISA 2000 database contains
math, science and reading test scores of a sampl® gkars-old pupils coming from 28
OECD and non-OECD countriegcf. Table 1). These pupils are nested within schools,
potentially attending different grades in countries wiggesele repetition is common practice.

The sampling process was rather specific (c.f. OECD, 2002¢echnical details): all
the students in the sample (i.e., approximately 175000) tosikralard reading test, which
provided the reading test score. Part of them also tooktla r@st and/or a sciences test,
which yielded two other smaller samples of approximately 9a@ils each. The sampling
procedure ensured that the three samples had the sameriyyccomposition, and that each
variable had the same mean and standard deviation in @agies(as can be seen in Tables 1
and 2 respectively). In our study, the same econometridel® will be applied to each of
these three samples separately.

For each pupii trained in schog], the PISA data provides us with a large number of
variables characterizing the student and/or the schawh fvhich we selected the variables

relevant to our analysis. Following a common practicéhe literature (Jencks and Brown,

! Canada, Japan, Germany and Korea have been excluded desitg wariables (some variables used in the
estimations are not available for these countries).



1999; Vignolest al, 2000), we use the test scores (normalinesiean 500 and variance 100

during the construction of the PISA 2000 database) as aimeafseducation output.

— TABLE 1 ABOUT HERE —

2.2. CHOICE OF EXPLANATORY VARIABLES

Table 2 gives summary statistics for our selectionegplanatory variables, by
discipline. They were chosen in order to avoid conatat while staying as close as possible
to the conceptual framework sketched in the theoretitaiiuré (e.g., Creemer, 1994;
Scheerens, 1997; Creemetsal, 2000). A small number of factors are herein put forward t
explain pupils’ success: (1) their initial aptitudes, (Dirtkability to understand instructions,
(3) their perseverance or effort, (4) the opportunitiesredfé¢o them, and (5) the quality of
instruction.

First of all, relying on an extensive literature (e.go8n, 1991; Ehrenberg, Goldhaber
et al 1995; McNabb, Sarmisthet al, 2002), we control for gender and age. Indeed, although
all pupils in PISA 2000 are aged 15 at the time of the sunayall pupils are born the same
month which allows for some variation.

— TABLE 2 ABOUT HERE —

We then chose relevant measures and/or proxies fdivihgroupes of factors listed
above, starting with the opportunities offered to pupils.€re® represented by the country
of origin of the pupils, and a set of variables deseghtheir family background: type of
family (nuclear or not), OECD index of the fathergueation level (FISCED), and highest
OECD socio-economic index in the household (HISEle ¥so included the number of

books in the house, several studies (e.g. Murretnal, 1981; Todd and Wolpin, 2003)



suggesting that it is a fairly reliable proxy to describarailfy’s inclination towards learning.
Finally, we added a measure of the educational support tkderebeives from his/her parents
(FAMEDSUP); this variable is a quantitative indicator sfieadly developed by the PISA
team (cf. OECD, 2002 for details).

The quality of instruction was captured by several schandigs. We first introduced
the students/teacher ratio, the condition of thedingls, the availability of teaching material,
and the proportion of qualified teach&ns the school. The students/teacher ratio can be see
as an indicator of class size (Chubb and Moe, 1990; @ardrueger, 1992). Whether or not
class size has an effect on students’ achievementh@lha debated topic in the economic
literature: some studies (e.g. Angrist and Lavy, 1999; Boarer Rouse, 2001; Krueger,
1999, 2003) identify an inverse relationship (larger classesngetdlower achievement).

Other studies, however, (Hanushek, 1986, 1996, 2003; Hoxby, 1996, 2000)nender|
that this is far from systematic, and suggest thattingtnal factors and incentives structures
may have a stronger effect. Woessmann (2000), using dataafrpraevious PISA survey,
found that students’ performance could stem primarilynfreentralized examinations and
school organizational characteristics, such as autorionpersonnel decisions. To explore
this possibility, we added three institutionnal indicattwat tcomplete our description of the
quality of instruction: the degree of centralizationhe hiring of teachers, the type of pupils’
assessment (the use of standardised tests), and teatpgecof public funding.

To some extent, the ability to understand instruction, elsas perseverance or effort,
can be captured by the grade which the pupils are attendthg éme of the survey. Since
they are all aged 15 (with minor monthly variations gslained above), one can reasonably

expect that lower grades correspond to less able andfopédgseverant pupils. In order to try

% In empirical applications, however, it is often difficto find precise measures of, or even relevanxips for,
these five factors. Todd & Wolpin (2003) thus underline hota mitation may lead to various biases,
especially in cases where the econometric anakysisly loosely related to a theoretical framework.

3 So-called "qualified" teachers obtained an ISCEDS5 daatibn in pedagogy.



and isolate more precisely effquer s we added a synthetic index of the time each pupil
spends doing homework each week (HMWKTIME). Again, moraildebn the construction
of this index will be found in OECD (2000).

Finally, the initial aptitudes of the pupils were the moiticult factor to control for
with the PISA2000 data. We used the daily time dedicaterttaling for enjoyment”, hoping
this measure can somehow be correlated to the pupilg’ fiastearning. This indicator may
be far from perfect, however, as children’s tastesbeastrongly influenced by their parents
(although none of the “family background” variables wasedated to the time spent reading
for leisure). Further differences in initial aptitudes @mly be captured by the residual term
(random error). This naturally depends on the specifinatf our econometric model, which

we will now examine in detail.

3. Econometric modelling and estimation strategy.

In theoretical works, the education production functiomy appear as a “black box”,
with its the functional form left unspecified. Appliedadyses, however, generally rely on a
classical regression approach, which assumes a linelgftinear) shape fof. In this study,
we expend the linear regression method by adding fixed addmaeffects. This allows us to
take into account the hierarchical (or clustered) natutbeoPISA 2000 data. Indeed students
are grouped in schools that function in a particular tguThe position in this hierarchy
affects results and should be taken into account whenaggg. The inclusion of both fixed
and clustered random effects also gives more flexibditthhe econometric model.

Our estimation strategy consist in three steps. Vg distimate, as a “benchmark”, a
conventional linear regression model by the OLS technique:

(3) Y, =BX +¢&



where Y is the test score of pupiin a given discipline, Xthe vector of explanatory variables
with S its associated vector of parameters (to be estimaaad}; a random error term. One

can reasonably expect this model to be biased, since cespacyific characteristics (which

may be partially unobserved) are not controlled for. Tiugsmay find a strong effect of, say,
school characteristics, which is in fact an effdc$pecific national institutional arrangements
or of other social and historical factors.

In order to control for such effects, we introduce antry fixed effect (i.e. a series of
dummy indicators) in our linear model of the education prtoludunction, which leads to
the followingfixed-effect model
(4) Y=L+ B Xk + €k
where, for student in countryk, Yi is the test score in a given discipling,tke vector of
explanatory variablesf its associated vector of parametefk,the country-specific fixed
effect,andey a random error term.

Although this model is more sophisticated than the baséal regression model, it
may still be biased if pupils’ performance is affectedulmpbserved school characteristics
such as quality of management, security or teacher niotivaVe thus need to control for
unobserved school heterogeneity; Murnahal (1981) achieved this by introducing a school
fixed-effects in their regression model of the educapikduction function. In our model, we
want to take into account the stratified nature of tha,datd thus introduce a nestsghool
random effect in our regression model. This modellingwalldo control for sources of
unobserved heterogeneity supposedly uncorrelated to ftenexory variables. The random
effect is also nested in countries, since the digfioh of the unknown school characteristics

may be proper to the national environment.

4 “Nested” means here that the distribution of tHeostrandom effect may vary across countries.



The resultingnixed modeis written:
(5)  Yik =Bk + Xijk.B + Vi + Eii
where, for studentin schoolj in countryk, Yix is the test score in a given disciplingy X6
the vector of explanatory variable8,its associated vector of parametdsg,is the country
fixed effect, yi is the school random effect (nested within couj)t@ndeii the residual term.
Similar models, also known amultilevel modelgYang, Goldsteiret al, 2002), have been
used to analyze examination results in a single couttiey United Kingdom) and a single
discipline (Mathematics). The model we applied heréadth simple and convenient, and
fitted to the analysis of several countries and disagl

Both the fixed effect and the mixed models are estimatedgufiie Maximum
Likelihood technique. The results of the estimationstii@ three models (linear, fixed effect
and mixed) and the three disciplines (maths, reading aedc®)iare given and commented in

the next section.

4. Empirical results

Tables 3, 4 and 5 give the parameter and standard deviatioratest of the three
models (OLS regression, simple fixed-effect and mixedyfathematics, reading and science
test scores respectively. Table 6 presents the detdle aountry fixed-effect, by discipline,
for the last two models (simple fixed-effect and mixdRBcall from Section 2 that test scores
are standardised at mean 500 and standard deviation 100doutties. This means we can
interpret the coefficients as percentages of standarditievi Goodness-of-fit statistics are
featured at the bottom of each table. The results efetimations appear to be quite

consistent across disciplines (which, given the sengsicheme, does make sense).



In particular, individual characteristics (gender exceptat)lity/effort, and family
background variables have a similar impact on each tese.sd@te case of gender is
interesting, since it shows that female students caeatXower scores in mathematics and
science, but higher scores in reading. This resulimgasito what is generally observed in the
literature (e.g., Ehrenberg, Goldhalktmal, 1995); a (partial) explanation frequently proposed
for this outcome is the absence of female role madedsience and mathematics.

The inclusion of fixed- and random- effects in the madightly affects the size of the
impact of individual characteristics, effort, and famidackground, but not its significance
(the exception being the country of origin, which doeafi#ct the math test score in the OLS
specification, although it has a significant effectha two other specifications). For instance,
an increment in the number of books at home explain® 1I3% of the test score standard
deviation in the OLS specification, 10 to 11% in the fiedfibct specification, and 8.2% in
the mixed specification, no matter which discipline epeasiders. Similarly, each additional
hour spent doing homework each week explains 9 to 10%stainalard deviation in the OLS
model, 10 to 12% in the fixed-effect model, and 7% in theechmodel.

A surprising result, regarding family background, is the negagffect (across
specifications and disciplines) of the “family educatiogpport” (FAMEDSUP) variable on
the test score. It may be that too much support fromdrigdmily (parents, but also brothers
and sisters) reduces the pupil’s autonomy and ability ® datest on his/her own. This result
could also mean that family support lacks (or even casflidth) the pedagogy a professional
teacher develops in the classroom, and has a counterpvedefééct on pupils’ performance.

Our measure of initial aptitudes clearly shows its litiotss: although it has a positive
influence on all test scores, its effect on mashgerry small (it explains approximately 2% of
the standard deviation in the fixed-effect and mixed models,is not significant in the OLS

specification). The effects on the science testesape somewhat larger (3% in the OLS, 5%
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in the fixed-effect model, and 7% in the mixed model). Qudturally, we observe the largest
effects on the reading test score (6% in the OLS, Ve fixed-effect model, and 8% in the
mixed model).These results simply suggest that the fastéearning (and the cognitive
aptitudes) cannot be captured by the taste for reading only.

Let us now focus on the school characteristics, geoto examine the respective
effects of institutional / organizational arrangememtd enonetary resources. The latter do
not seem to have any consistent effect on test sctite (commonly used) students/teacher
ratio has a slightly negative impact (between -0.1% arPs) on all test scores in the OLS
and fixed-effect specifications. In the mixed model (oustmeliable specification), the ratio
has no significant effect on the math and readingsestes, and a very weak effect (at the
10% level of significance) on the science test score.

Similarly, the condition of the school buildings has significant impact on the
science test score (no matter what specificatiausesl); if we rely on the mixed model, it has
no effect on the other test scores either. Finally lalbk of teaching material has a significant
negative impact on the math and reading test scoreggtimeates given by the mixed model
are 10% and -14% respectively). According to the mixed spatidit, it has no effect,
however, on the science test score.

A more significant resource-related variable is thaimnent of a degree in pedagogy
by teachers. It is resource-related because of therelased to hiring teachers with higher
degrees. The proportion of teachers that have a miniraueh of qualification in pedagogy
has a positive influence on students’ test scores idisdiplines. When fixed and/or random
effects are added in the regression, the size of fieetas halved; the most conservative
estimates, given by the mixed model, are 12% of a stanidsidtion for the math test score,

10% for the reading test score, and 15% for the sciestesdere. This result is in line with

® |ISCED5
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findings from the litterature. Many authors find thatcteer qualification as measured by
years of experience or the attainment of a universipjodia is not a significant factor of
student success at tests. It seems that specific pedagtrgioing is the more determinant
teacher skill (Monk (1994), Angrist and Lavy (2001)).

Institutional and organizational variables also havereistent effect. More precisely,
school autonomy in the recruitment of teachers hagang positive influence on students
performance. This result is remarkably consistent digmiplines and specification: the most
trustable estimates, given by the mixed model, suggesa tthatentralized hiring process can
increase students test scores by 12% in mathematics, IrE#ding, and 7% in science.

The results regarding the modes of assessment areldesscut, however: while the
OLS and fixed-effect models indicate a small positive ichjpd school-designedrather than
standardised) tests on pupils’ performance in all thisgpdines, the mixed model suggests
that this impact is not significant. A possible explamafior this outcome is that the type of
examination procedure is often (although not systembficadlopted on a national basis; as
such, its effect may be (partially) captured by the cquinted-effect. If that is effectively the
case, our results would echo Woessmann (2000)’s findings (ugngrekious PISA survey
data): assessment procedures matter. The main divergetweeen our findings and those of
Woessmann (2000) is that the effect of standardized asségmnocedures on students'
performance is questionable when the PISA 2000 data is used.

Finally, if the amount of monetary resources spentesthool level does not seem to
be the primary determinant of students’ performance,otfigin of these resources may
nevertheless matter. Indeed, according to the mixed maitebéss, more than 50 percent of
public funding may lower the test scores by 11% in the caseattiematics, 14% in the case
of reading, and 15% in science. Since a larger sharecpiulpidling is often associated with

more constraint (submission to standard rules regarding pggamal internal organization,
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for instance), this result again points out towardsogtlautonomy as a determinant of
students’ performance.
— TABLE B®UT HERE —
— TABLE 4 ABOUT HERE —
— TABLE 5 ABOUT HERE —

— TABLE 6 ABOUT HERE —

5. Conclusions and policy implications.

In this paper, we used the PISA 2000 cross section dataitmatsthe impacts of
organizational and institutional factors on students pedoce (controlling for individual
characteristics). In order to take into account the hibreal nature of the data, we introduced
a country fixed-effect and a school random-effect in @grassion model of the “education
production function”. Our results echoe the findings of lidnek (1986, 1996, 1997, 2003),
Hoxby (1996, 2000) and Woessmann (2000), in the sense that orgenraizand institutional
factors may matter more than the amount of scholees.

More precisely, we found that school autonomy in the siteciof hiring teachers
significantly increases students performance, while agstiop of public funding higher than
50% tends to decrease performance. These results, howboelld not be misinterpreted:
they do not imply that public expenditures on education ldhb& cut, but rather that more
autonomy should be given to schools (including state-fusdbdols), especially in local and
internal matters. Our results suggest that the modesgfsament also matters, but it is not
clear whether standardized or school-designed testaaeehelpful to students.

However, caution is needed, since the PISA 2000 data presemhber of limitations

that may condition our results. The main limitatiames from the cross-section nature of the
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data, which implies to relate test scores to contemporsn measures of inputs in the
education production function. Such a model rely on thaiaih assumption that inputs are
unchanging over time — which is obviously not true fooalhem. Moreover, the PISA 2000
survey does not provide complementarity measures of ssudehtevement, which could be
related to the tests score in a “value added” model (iblerg, Goldhabegt al, 1995; Todd
and Wolpin, 2003). In the absence of longitudinal data, susfeasure would be helpful in
order to control more adequately for the pupils’ initiaitapies.

In spite of these shortcomings, the PISA 2000 dataehassa advantages: it is readily
available, provides very detailed information, allows domparisons across countries, and
provides new directions for research. However, in otdemmplement relevant education
policies, data allowing for longitudinal analysis is nekde order to assess more firmly the

type of results that have been highlighted in this paper.

References

Angrist, Joshua D. and Victor Lavy (1999), Using MaimonidadeRo estimate the effect of

class size on scholarly achievemepuarterly Journal of Economicd14 (May), pp. 533-

575.

Angrist Joshua D. and Lavy Victor (2001), Does TeachemningiAffect Pupil Learning?

Evidence from Matched Comparisons in Jerusalem Publiodigdournal of Labor

Economicsyol.19 No.2.

Becker Gary S. (1975Human capital: a theoretical and empirical analysis, with special

reference to educatiofBecond Edition, The University of Chicago Press, Chicago)

14



Becker, Gary S., Murphy, Kevin M. and Tamura, Robert. (1990)an capital, fertility, and

economic growthJournal of Political Economy98 (October, part 2), pp. 12-37.

Bishop John H., Ferran Mane and Bishop Michael (2000), t®cy Education in the
United States: What Can Others Learn from Our Mistakespublishedavailable on

iadb.org).

Boozer, Michael and Cecilia Rouse (2001), Intraschoodtian in class size: patterns and

implications,Journal of Urban Economi¢®0, pp. 163-189

Brown, Byron W. (1991), How gender and socioeconomic tstatffect reading and

mathemaics achievemem¢onomics of Education Revietd(4), pp. 343-57.

Card, David and Alan B. Krueger (1992), School quality and blackewhliative earnings: a

direct assessmerthe Quarterly Journal of Economick07, pp. 151-200.

Chubb, John E. and Moe, Terry M. (199Blitics, Markets, and America’s Schoolhé

Brookings Institution, Washington D.C., 318 p).

Cooper, S.T. and Cohn, E. (1997), Estimation of a froptieduction function for the South

Carolina Educational Procegs;onomics of Education Revie®6(3), pp. 313-327.

Creemer, Bert P.M. (1994 he effective classroofCassell, London).

15



Creemer, Bert P.M., Scheerens, Jaap, and David Re\(28ld8), Theory development in
school effectiveness research, in: Charles Teddtieavid Reynolds (EdS)he

International Handbook of School Effectiveness Rese&udmer, 411 p).

Ehrenberg, Ronald J., Daniel D. Goldhaber, and DomirBeelver (1995), Do teachers’ race,
gender and ethnicity matter ? Evidence from the natiedia¢ational longitudinal study of

1988, Industrial and Labor Relations Revigd8(3), pp. 547-561.

Gundlach, Erich, Woessmann, Ludger, and Gmelin, Jens (Z0@d.gJecline of schooling

productivity in OECD countryThe Economic Journal, 11 (May), pp. 135-147.

Hanushek, Eric A. (1986), The economics of schooling: pramueind efficiency in public

schoolsJournal of Economic Literature4(3), pp. 1141-1177

Hanushek, Eric A. (1989), Expenditures, Efficiency, andtgdnieducation: the federal

government’s roleAmerican Economic Review9(2), pp.46-51

Hanushek, Eric A. (1996), School resources and student parioanin: Gary Burtless (Ed.)

Does money matter? The effect of school resources on student agmegachadult success

(The Brookings Institution, Washington D.C., pp. 43-73).

Hanushek, Eric A. (1997), Assessing the effect of sclesalurces on student performance:

an updateEducational evaluation and policy analysi®(2), pp. 141-64.

16



Hanushek, Eric A.(2003), The failure of input-based schoolifigips, The Economic

Journal 113(485), February, pp. F64-F98.

Hoxby, Caroline M. (1996), How Teachers’ Unions Affect EdiscaProductionQuarterly

Journal of Economicsl 11, August, pp. 671-718.

Hoxby, Caroline M. (2000), The effects of class sizetadent achievement: new evidence

from population variationQuarterly Journal of Economic416, November, pp. 1239-1286

Krueger, Alan B. (1999), Experimental estimates of educaltjproduction functions,

Quarterly Journal of Economic414, May, pp. 497-532

Krueger, Alan B. (2003), Economic considerations and siaesEconomic Journal

113(485), February, pp. F34-F63

Lucas, Robert E., Jr. (1988), On the mechanics of eciorienelopmentJournal of

Monetary Economic22 (July), pp. 3-42.

Mankiw, Gregory N., Romer, David, and Weil, David N. (1992)ontribution to the

empirics of economic growtiQuarterly Journal of Economigcd07 (May): pp. 407-437.

McNabb, Robert, Pal Sarmistha and Peter Sloane (2008)ieGdifferences in educational

attainment: the case of university students in England\adds,Economica69(275),

pp. 481-503.

17



Monk D.H. (1994), Subject area preparation of secondarlgenattics and science teachers

and student achievemeBigconomics of Education RevidB(2) pp.125-145.

Murnane R.J., R.A. Maynard and J.C. Ohls (1981), Home researd children’s

achievementThe Review of Economics and Statist&3(3), pp. 369-377.

OECD (2002)Manual for the PISA 2000 databadess p.

Scheerens, Jaap (1997), Conceptual models and theory-embeddgdesron effective

schools,School effectiveness and school improven&B), pp. 269-310.

Vignoles Anna, Levacic Rosalind, Walker James, Machipl&e, and Reynolds David
(2000),The relationship between resource allocation and pupil attainment: avevie

published by the Centre for the Economics of Educationdbn, 86 p.

Woessmann, Ludger (2000), Schooling resources, educational ioestuand student
performance: the international evidenkel Working Papern°983 (December), Kiel

Institute of World Economics, Kiel.

Yang M., H. Goldstein , W. Browne and G. Woodhouse (20@R}tivariate Multilevel

Analyses of Examination Result¥ournal of the Royal Statistical Society: Series A (Statistics

in Society) 165(1), pp. 137-53.

18



Table 1. composition of the sample by country and discipline

Country Math Reading Sciences
Number % of sample Number % of sample Number % of sample
Australia 2859 2.9 5176 3.0 2860 2.9
Austria 2640 2.7 4745 2.7 2669 2.7
Belgium 3784 3.9 6670 3.8 3722 3.8
Brazil 2717 2.8 4893 2.8 2710 2.8
Czech Republic 3066 3.1 5365 3.1 3062 3.1
Denmark 2382 2.4 4235 2.4 2346 2.4
Finland 2703 2.8 4864 2.8 2710 2.8
France 2597 2.7 4673 2.7 2592 2.7
Greece 2605 2.7 4672 2.7 2593 2.7
Hungary 2799 2.9 4887 2.8 2800 2.9
Iceland 1882 1.9 3372 1.9 1859 1.9
Ireland 2128 2.2 3854 2.2 2134 2.2
Italy 2765 2.8 4984 2.8 2766 2.8
Latvia 2149 2.2 3893 2.2 2157 2.2
Liechtenstein 175 0.2 314 0.2 176 0.2
Luxemburg 1959 2.0 3528 2.0 1950 2.0
Mexico 2567 2.6 4600 2.6 2548 2.6
Netherlands 1382 1.4 2503 1.4 1396 1.4
New Zealand 2048 2.1 3667 2.1 2029 2.1
Norway 2307 2.4 4147 2.4 2308 2.4
Poland 1976 2.0 3654 2.1 2043 2.1
Portugal 2545 2.6 4585 2.6 2552 2.6
Russian Federation 3719 3.8 6701 3.8 3719 3.8
Spain 3428 3.5 6214 3.6 3457 3.6
Sweden 2464 2.5 4416 25 2444 2.5
Switzerland 3396 3.5 6100 3.5 3397 3.5
UK 5195 5.3 9340 5.3 5179 5.3
USA 2135 2.2 3846 2.2 2129 2.2
Total 97384 100.0 174896 100.0 97321 100.0
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Table 2: summary statistics by discipline (sub-sample)

Variable Definition Math Reading Science
Mean (Std Dev) Mean (Std Dev) Mean (Std Dev)

Age Age in months at time of survey 188.62 (3.44) 188.63 (3.44) 188.62 (3.44)
Gender 1 if female, 0 if male 0.50 (0.50) 0.50 (0.50) 0.50 (0.50)
Origin 1 if country of test, O if other 0.93 (0.25) 0.93 (0.25) 0.93 (0.25)
Family 1 if non-nucled; 0 if nuclear 0.25 (0.43) 0.25 (0.43) 0.25 (0.43)
FISCED OECD index of father’s education 4.45 (1.43) 4.45 (1.43) 4.45 (1.43)
# of books Number of books at home 4.47 (1.54) 4.47 (1.54) 4.47 (1.54)
HISEI Highest ISEI in the family 49.01 (16.44)  49.00 (16.43)  48.93 (16.45)
FAMEDSUP FAMily EDucational SUPport 0.00 (1.00) -0.01 (1.00) -0.01 (1.00)
SIT ratio Student/teacher ratio 13.95 (6.61) 13.96 (6.60) 13.94 (6.61)
Buildings conditiore: good, 1: poor, 0: unknown 1.89 (0.41) 1.89 (0.42) 1.89 (0.42)
Teaching material 2: available, 1: lacking, 0: no information 1.88 (0.43) 1.88 (0.43) 1.88 (0.43)
% qualified % of qualified professors in school 0.61 (0.40) 0.61 (0.40) 0.61 (0.40)
Hiring teachers  2: central, 1: decentralized, 0 : noinfo ~ 1.23 (0.58) 1.23 (0.58) 1.22 (0.58)
Assessment 2: students assessed by std test at least 1.38 (0.69) 1.38 (0.69) 1.38 (0.69)

once a year, 1: students assessed by

school-designed (non-std) test, 0: no info
Funding 1 if more than 50% of school resources

come from public authorities, 0 otherwise 0.91 (0.29) 0.91 (0.29) 0.91 (0.29)
Grade Grade attented at time of survey 9.62 (0.75) 9.62 (0.75) 9.62 (0.75)
HMWKTIME Index of weekly homework time 0.02 (1.01) 0.02 (1.01) 0.02 (1.01)
Reading as leisureNumber of hours dedicated daily to 2.27 (1.15) 2.27 (1.15) 2.28 (1.15)

reading as leisure
Observations 97384 174896 97321

® E.g. single parent, recomposed family, etc.
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Table 3: estimates for the math test score

Variables OLS Fixed-Effect Model Mixed Model
Coeff. S. E. Coeff. S. E. Coeff. S. E.

Intercept 270.12  (21.01)***  316.43 (20.60)***  302.71  (20.31)***

Age -1.18 (0.12)*** -1.25 (0.11)*** -1.10 (0.12)***

Gender Female -19.20 (0.78)*** -20.03 (0.75)*** -19.55 (0.72)***
Male

Origin Country of test 2.85 (204) 7.30 (1.99)*** 4.44 (1.90)**
Other country

Family Non-Nuclear -14.68 (0.88)*** -13.75 (0.86)*** -9.51 (0.81)***
Nuclear

FISCED 5.38 (0.33)*** 5.01 (0.32)*** 3.13 (0.31)***

# of books 13.01 (0.28)*** 10.84 (0.28)*** 8.24 (0.27)***

HISEI 0.68 (0.03)*** 0.73 (0.03)*** 0.49 (0.03)***

FAMEDSUP -11.87 (0.36)*** -11.60 (0.36)*** -9.77 (0.34)***

SIT ratio -1.17 (0.04)*** -0.14 (0.05)*** -0.06 (0.13)

Buildings conditionPoor -5.11 (1.84)*** -3.98 (1.80)** -3.07 (3.59)
Missing info 0.24 (4.62) 0.85 (4.48) -5.16 (9.29)
Good

Teaching material Lacking -17.23 (1.52)x** -8.37 (1.51)*** -9.77 (3.26)***
Missing info -23.71 (3.98)*** -14.27 (3.88)*** -6.44 (8.90)
Available

%qualified 40.20 (1.15)*** 16.66 (1.79)*** 11.80 (3.40)***

Hiring Decentralized 9.21 (0.99)*** 11.06 (1.18)*** 11.96 (2.45)***
Missing info 6.75 (1.83)*** -8.25 (4.31)* -7.42 (7.61)
Centralized

Pupils assessmeniNon-std test 4.69 (0.98)*** 4.17 (1.01)*** 0.13 (2.01)
Missing info -21.96 (1.07)*** -6.36 (2.26)*** -1.87 (4.30)
Std test

Funding >50% public -1.91 (1.212) -8.38 (1.26)*** -10.70 (2.88)***
< 50% public

Grade 34.19 (0.54)*** 31.42 (0.65)*** 32.70 (0.74)***

HMWKTIME 9.49 (0.40)*** 10.98 (0.39)*** 7.84 (0.38)***

Reading as leisure -0.06 (0.33) 2.20 (0.33)*** 2.57 (0.31)***

Significance level: ***; 1%, **: 5%, *: 10%

Goodness-of-fit
OLS: a Fisher test led to the rejection of the nyfidihesis It “B=0" at the 1% level of significance
(R2 = 0.40, adjusted R2 = 0.40)

Fixed-effect and mixed models: a LR test led to the riejedf the null hypothesis¢1“B=0" at the 1% level of

significance. A Fisher test shown the country fixe@e&tffo be overall significant at the 1% level (c.f. Eabl
for details).

21



Table 4: estimatesfor thereading test score

Variables OLS Fixed-Effect Model Mixed Model
Coeff. S. E. Coeff. S. E. Coeff. S. E.

Intercept 209.36  (14.37)***  253.59  (14.29)***  267.33  (14.49)***

Age -0.91 (0.08)*** -1.23 (0.08)*** -1.08 (0.07)***

Gender Female 14.66 (0.53)*** 13.28 (0.52)*** 11.44 (0.50)***
Male

Origin Country of test 9.35 (1.39)*** 10.02 (1.37)*** 7.83 (1.30)***
Other country

Family Non-Nuclear -12.72 (0.60)*** -13.17 (0.60)*** -9.95 (0.56)***
Nuclear

FISCED 4.43 (0.22)*** 4.06 (0.22)*** 1.36 (0.22)***

# of books 12.11 (0.19)*** 11.37 (0.20)*** 8.21 (0.19)***

HISEI 0.86 (0.02)*** 0.82 (0.02)*** 0.54 (0.02)***

FAMEDSUP -13.25 (0.25)*** -12.86 (0.24)*** -10.70 (0.23)***

SIT ratio -0.75 (0.03)*** -0.39 (0.04)*** -0.12 (0.12)

Buildings conditionPoor -9.11 (1.25)*** -6.16 (1.24)*** -4.97 (3.22)
Missing info -0.05 (3.17) 4.34 (3.12) -4.78 (8.31)
Good

Teaching material Lacking -22.05 (1.04)x* -12.17 (1.05)*** -13.99 (2.94)***
Missing info -9.33 (2.72)*** -4.40 (2.69) 3.80 (8.14)
Available

%qualified 23.19 (0.79)*** 12.82 (1.24)*** 10.07 (2.95)***

Hiring Decentralized 4.15 (0.68)*** 4.96 (0.82)*** 10.85 (2.18)***
Missing info 2.93 (1.24)** -18.00 (2.97)*** -15.70 (6.79)**
Centralized

Pupils assessmeniNon-std test -0.01 (0.67) 2.58 (0.70)*** -1.21 1.77)
Missing info -45.56 (0.73)*** -5.59 (1.56)*** -3.04 (3.82)
Std test

Funding >50% public -2.60 (0.83)*** -8.62 (0.88)*** -14.15 (2.61)***
< 50% public

Grade 33.57 (0.37)*** 37.17 (0.45)*** 35.70 (0.52)***

HMWKTIME 10.05 (0.27)*** 11.86 (0.27)*** 7.72 (0.26)***

Reading as leisure 5.67 (0.23)*** 6.94 (0.23)*** 8.19 (0.21)***

Significance level: ***; 1%, **: 5%, *: 10%

Goodness-of-fit

OLS: a Fisher test led to the rejection of the nyfidihesis It “B=0" at the 1% level of significance
(R2 = 0.40, adjusted R2 = 0.40)

Fixed-effect and mixed models: a LR test led to the riejedf the null hypothesis¢1“B=0" at the 1% level of
significance. A Fisher test shown the country fixe@&tffo be overall significant at the 1% level (c.f. Eabl

for details).
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Table5: estimates for the sciencetest score

Variables OLS Fixed-Effect Model Mixed Model
Coeff. S. E. Coeff. S. E. Coeff. S. E.

Intercept 189.97  (21.80)***  209.40 (21.79)***  209.42  (21.75)***

Age -0.48 (0.12)*** -0.35 (0.12)*** -0.37 (0.12)***

Gender Female -6.87 (0.81)*** -7.55 (0.80)*** -8.84 (0.77)***
Male

Origin Country of test 6.38 (2.08)*** 9.33 (2.07)*** 10.43 (2.01)***
Other country

Family Non-Nuclear -8.61 (0.92)*** -9.25 (0.92)*** -6.31 (0.88)***
Nuclear

FISCED 4.85 (0.33)*** 4.78 (0.34)*** 3.43 (0.33)***

# of books 12.27 (0.30)*** 10.72 (0.30)*** 8.26 (0.30)***

HISEI 0.72 (0.03)*** 0.74 (0.03)*** 0.49 (0.03)***

FAMEDSUP -12.83 (0.37)*** -12.62 (0.37)*** -11.55 (0.35)***

SIT ratio -0.95 (0.04)*** -0.34 (0.05)*** -0.25 (0.13)*

Buildings conditionPoor 0.03 (1.90) 0.52 (1.89) -0.67 (3.66)
Missing info 5.20 (4.83) 7.30 (4.78) -3.74 (9.53)
Good

Teaching material Lacking -13.87 (1.56)*** -6.49 (1.58)*** -4.51 (3.30)
Missing info -9.97 (4.13)** -5.72 (4.10) -0.40 (9.09)
Available

%qualified teachers 32.21 (1.19)*** 18.50 (1.88)*** 15.41 (3.50)***

Hiring Decentralized 6.50 (1.03)*** 4.61 (1.25)*** 7.12 (2.50)***
Missing info 7.00 (1.86)*** -8.52 (4.59)* -10.29 (7.78)
Centralized

Pupils assessmeniNon-std test 2.22 (1.01)** 3.68 (1.06)*** 0.68 (2.05)
Missing info -42.71 (1.22)*** -10.73 (2.42)*** -5.22 (4.40)
Std test

Funding >50% public -7.59 (1.26)*** -13.79 (1.33)*** -15.32 (2.92)***
< 50% public

Grade 28.84 (0.56)*** 25.73 (0.69)*** 27.71 (0.79)***

HMWKTIME 8.52 (0.42)*** 9.99 (0.41)*** 6.97 (0.42)***

Reading as leisure 3.44 (0.35)*** 5.17 (0.35)*** 6.58 (0.33)***

Significance level: ***; 1%, **: 5%, *: 10%

Goodness-of-fit

OLS: a Fisher test led to the rejection of the nyfidihesis It “B=0" at the 1% level of significance
(R2=0.33, adjusted R2 = 0.33)

Fixed-effect and mixed models: a LR test led to the riejedf the null hypothesis¢1“B=0" at the 1% level of
significance. A Fisher test shown the country fixe@e&tffo be overall significant at the 1% level (c.f. Eabl

for details).
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Table 6: country effectsby discipline

MATH READ SCIENCE
Fixed-effect Mixed model Fixed-effect Mixed model Fixetfect Mixed model
Estimate (Std Err) Estimate (Std Err) Estimate (S®) E Estimate (Std Err) Estimate (Std Err) Estimated(5tr)
Australia 13.43 (2.90)*** 23.49 (5.50)*** -8.20 (2.01)** 5.28%.02) -0.18 (3.05) 11.28 (5.57)**
Austria 31.29 (4.91)%** 40.32 (6.78)*** 8.65 (3.44)** 18.37 (B8)*** 19.23 (5.21)** 29.78 (7.01)***
Belgium 35.33 (4.01)*** 44,58 (6.21) *** 6.78 (2.78)** 17.505(49)*** 4.15 (4.24) 13.46 (6.36)**
Brazil -51.15 (2.26)*** -51.55 (5.88)*** -22.74 (1.56)*** -39 (5.46)*** -41.82 (2.36)*** -40.51 (5.94)***
Czech Rep. 5.14 (3.28) 15.21 (5.24)** -13.62 (2.28)*** -4.68 (A2) 6.22 (3.46)* 16.57 (5.34)**
Denmark 40.50 (6.02)** 51.60 (7.04)*** 12.66 (4.22)*** 22.745.85)*** -5.09 (6.41) 6.84 (7.38)
Finland 66.56 (4.78)*** 76.37 (6.41)** 60.05 (3.32)*** 70.395.54)%** 47.35 (5.03)*** 58.73 (6.59)***
France 36.40 (2.08)*** 42.14 (5.36)*** 1.84 (1.44) 9.17 (5.p7 -1.25 (2.20) 5.47 (5.40)
Greece -51.29 (3.66)*** -45.13 (6.38)*** -49.27 (2.53)*** -4M2 (5.72)*** -46.24 (3.86)*** -40.34 (6.49)***
Hungary -7.70 (3.61)** 3.13 (5.65) -29.34 (2.50)*** -19.39 (p)*** -10.48 (3.79)*** 0.52 (5.76)
Iceland 3.92 (21.59) 13.39 (20.28) -24.84 (15.03)* -13.03 (8. -22.40 (22.97) -12.44 (21.79)
Ireland 4.47 (4.74) 14.51 (6.27)** 11.37 (3.28)*** 20.89 (5p1* 3.60 (5.01) 13.87 (6.47)*
ltalie -26.57 (2.82)*** -21.01 (6.27)*** -25.29 (1.95)*** -187 (5.78)*** -21.92 (2.96)*** -15.69 (6.34)**
Latvia -32.87 (8.07)*** -21.29 (8.85)** -54.90 (5.53)*** -4B2 (7.05)** -47.31 (8.39)*** -34.67 (9.20)***
Liechtenstein 58.24 (67.54) 69.65 (61.97)*** 11.83 (45.47) 24.69 .8B) -1.11 (68.09) 12.11 (63.35)
Luxembourg -4.64 (21.72) 9.17 (21.57) -24.56 (15.14) -6.50 (1§.35 -25.09 (23.16) -9.84 (23.03)
Mexico -45.18 (2.57)*** -48.97 (6.26)*** -41.91 (1.77)** -4318 (5.82)*** -34.67 (2.68)*** -35.21 (6.30)***
Netherlands 81.15 (3.94)** 86.94 (7.11)** 39.52 (2.73)*** 46.066.45)*** 47.14 (4.19)*** 55.11 (7.24)*
New Zealand -1.39 (5.99) 8.15 (7.16) -29.26 (4.13)*** -16.01 (5)93 -12.31 (6.27)* -3.23 (7.40)
Norway 15.14 (7.48)** 20.46 (11.10)* 5.39 (5.21) 19.94 (9.87) 7.59 (7.98) 17.03 (11.44)
Poland 20.04 (4.79)*** 16.61 (9.26)* 16.06 (3.30)*** 12.77 @) 6.90 (5.07) 10.77 (9.42)
Portugal -2.60 (4.06) 7.02 (6.54) -11.16 (2.82)*** 1.93 (5.82) 14:17 (4.28)*** -3.54 (6.69)
Russia -23.22 (2.60)*** -16.12 (6.16)*** -58.83 (1.80)*** -5@8 (5.71)*** -46.18 (2.77)*** -41.79 (6.23)***
Spain -1.59 (2.84) 5.45 (6.05) -11.58 (1.96)*** -0.90 (5.55) -2.65 (2.97) 3.82 (6.12)
Sweden 32.51 (4.13)** 43.88 (6.00)*** 26.60 (2.88)*** 36.445.31)** 16.80 (4.39)*** 29.10 (6.17)**
Switzerland 59.41 (4.78)** 68.55 (6.37)*** 15.50 (3.32)*** 22.715.46)** 13.20 (5.04)*= 23.83 (6.57)**
UK -3.97 (1.97)* 5.15 (4.71) -27.17 (1.37)%** -16.37 @R)*** -3.20 (2.09) 2.70 (4.75)
USA (Ref) 0 0 0 0 0 0
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