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ABSTRACT/RESUME

Linkages between performance and institutions in the primary and secondary education sector

The efficiency of schools diverges dramatically across countries in the OECD and can also vary markedly
within countries. These differences in levels of efficiency can be traced to policy and institutional settings.
As such, moving to best practice could boost educational attainment and reduce pressure on budgetary
resources. This paper assesses empirically the relationship between institutional and policy settings and the
efficiency of public spending on primary and secondary education across OECD countries. The analysis
builds on two previous papers, which respectively developed OECD-area indicators of educational
efficiency based on PISA score data and institutional indicators based on questionnaire responses. The
results identify a number of institutional and policy settings that appear conducive to raising efficiency, as
well as policies that appear to be detrimental to achieving higher levels of efficiency.

JEL classification: H52; 121; 122; 128

Keywords: Education; public spending; efficiency; institutional indicators
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Liens entre les indicateurs d’efficacité et les indicateurs institutionnels dans le secteur de
P’enseignement primaire et secondaire

L’efficacité des établissements scolaires varie énormément dans les pays de la zone OCDE et peut aussi
varier sensiblement a I’intérieur d’un méme pays. Ces différences de niveaux d’efficience peuvent étre
attribuées aux politiques publiques et aux structures institutionnelles. De ce fait, s’orienter vers les
meilleures pratiques pourrait stimuler les performances des systémes scolaires. Cet article évalue de
maniére empirique la relation entre les structures institutionnelles, les politiques gouvernementales et
I’efficacité des dépenses publiques consacrées a 1’éducation primaire et secondaire dans les pays de
I’OCDE. Cette analyse s’appuie sur deux précédentes études, I’'une qui a élaboré des indicateurs au niveau
de la zone OCDE de I’efficacité des systémes éducatifs a partir des scores PISA, 1’autre des indicateurs des
structures institutionnelles a partir des réponses a un questionnaire. Ceci conduit & identifier un certain
nombre de structures institutionnelles et de politiques publiques qui semblent induire une efficience accrue,
mais aussi des politiques qui semblent nuire a une amélioration des niveaux d’efficacité.
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LINKAGES BETWEEN PERFORMANCE AND INSTITUTIONS IN THE PRIMARY AND
SECONDARY EDUCATION SECTOR

By Douglas Sutherland and Robert Price’

1. Introduction and main results

1. The aim of this paper is to identify empirically the institutional and policy settings that best
contribute to the efficiency of public spending on primary and secondary education. The analysis builds on
two earlier papers: Sutherland, et al. (2007) and Gonand ef al. (2007). The first of these papers developed
indicators of educational efficiency, based on PISA score data, using both aggregate national-level data
and a much larger sample of individual school-level data. Based on questionnaire responses by national
authorities, the second paper compiled composite country-level indicators of institutional settings that
a priori could affect educational outcomes, grouped under the three headings of quality in resource
allocation (allocative quality), budget management (budget quality) and service provision (market
quality).? In addition to these indicators of national institutional settings, the current paper also draws on
information about a more restricted set of institutional features available for individual schools in “the
PISA database”. On this basis, the paper attempts to link the indicators of educational efficiency to those
for institutional quality (and its component characteristics) using a simplified reduced-form empirical
framework applied at both the country and the school level.

2. The main findings are as follows:

e There are a number of institutional and policy settings that appear conducive to raising
educational efficiency. Greater decision-making autonomy at the school-level tends to be
associated with higher levels of efficiency, as are assessment policies that monitor student
performance and allow for benchmarking between schools. There is also some evidence that
employing more qualified teachers can compensate for having fewer teachers.

e A number of fairly common practices appear to be detrimental to efficiency. In the first place,
small school size and residence-based selection, which is widespread among OECD countries,
tend to be associated with greater inefficiency. Inefficiency also tends to be greater when schools
stream pupils.

1. The authors are members of the Economics Department of the OECD. They are indebted to the participants
of the March 2007 meeting of Working Party No. 1 of the OECD Economic Policy Committee, to the
Delegates of the Education Policy Committee and to Mike Feiner, Jorgen Elmeskov and other colleagues
for their useful comments. The authors are grateful to Chantal Nicq for statistical assistance and Veronica
Humi, Paula Simonin and Sandra Raymond for secretarial assistance. The opinions expressed in this paper
are those of the authors and are not necessarily shared by the OECD.

2. The performance indicators are described in Sutherland ef al. (2007), together with explanations of the
procedures used. The institutional indicators are described in Gonand et al. (2007).



ECO/WKP(2007)18

e No systematic relationship could be identified at the national level between educational
efficiency and the composite indicators of institutions affecting allocative quality. However,
within-country variation in efficiency at the school level, and hence the gains to be made from
adopting national best practice, tends to be smaller when a country has high scores with respect
to the allocative quality of its institutions.

e As would be expected, countries registering higher scores for quality in the budget management
indicator (with a relative dependence on an outcome-focused approach and managerial
autonomy) tend to be more successful in restraining input use for a given level of educational
attainment. However, it proved impossible to establish a link between the quality of institutions
allowing market-type competition (which includes benchmarking and user choice) and
educational efficiency.

3. The structure of the rest of the paper is as follows. The data sources, explanatory variables and
estimation procedures are described in Section 2. The results of the regression analysis are then given, first
for the country level (Section 3) and second for the school level (Section 4). Supplementary results are
presented in an Annex.

2. Explaining differences in efficiency: methodological issues

4. This section begins by reviewing the main features of the indicators of efficiency, which are used
as the dependent variables. It then highlights some of the key features of the indicators of institutional
settings that are used as explanatory variables, as well as other “environmental” variables that may impinge
on educational efficiency. Finally, the section gives a brief overview of the estimation techniques used and
discusses their limitations.

The data: dependent and explanatory variables

5. Sutherland et al. (2007) discussed and quantified sets of efficiency indicators of educational
performance in primary and secondary education, based on the construction of “efficiency frontiers”
derived, on the output side, from PISA 2003 data on the average level and homogeneity of educational
attainment, the main inputs being the quantity of teachers relative to students and measures of the socio-
economic background of the students. The efficiency indicators were estimated by identifying the potential
gains from moving to best practice and differ according to the assumptions about the returns to scale,
which determine the shape of the efficiency frontier (Box 1). They also depend on whether the efficiency
estimate is measured in terms of the extent to which inputs could be reduced while holding outputs
constant (input orientation) or how much outputs could be boosted while holding inputs constant (output
orientation). A distinction is also made between technical and cost efficiency, the latter incorporating the
relative price of inputs (mainly teachers’ wages in this case) as well as their quantity. The analysis that
follows uses all of the resulting efficiency indicators to explore the effects of policy settings.’

6. Given that the estimates of efficiency already control for the socio-economic background of the
student,’ the main explanatory variables of cross-country differences in the production function are
assumed to be policy related. In this respect, for the country-level analysis three main policy domains are

3. The estimates of efficiency use statistical techniques to assess and correct possible biases that can arise
when the data are limited or sparsely distributed. Greater detail on the procedures used is given in
Sutherland et al. (2007).

4. In Hanushek’s literature review, one of the minimal requirements for inclusion was that the empirical
estimation included a “family background” variable (Hanushek, 1996).
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Box 1. Data envelopment analysis

Data envelopment analysis (DEA) constructs an efficiency frontier based on the input and output data from all the
countries/schools of a sample. In essence, as shown in the figures below, the frontier is constructed from the schools
or countries that envelop the remaining observations and thus provides a benchmark by which the others can be
judged. By assumption, the frontier determines best practice, and potential efficiency gains for specific countries or
schools are measured by their position relative to the frontier or the envelope. In the “one input-one output” case given
in the figures, a measure of the efficiency shortfall in terms of unachieved output is given by the ratio of a school’s
output to the output on the frontier for the same level of inputs (i.e. the point on the frontier vertically above the
school/country observation). Conversely, the ratio of inputs on the frontier to the school’s inputs at the same output
(measured horizontally) is a measure of inefficiency in terms of potentially excess inputs. In the case of multiple inputs
or outputs, the measures of efficiency are determined in a similar fashion by holding the relative proportions of either
inputs or outputs constant in measuring the distance to the frontier. Countries or schools can then be benchmarked on
the basis of potential efficiency gains compared to the measures of best practice.

The shape of the DEA efficiency frontier depends on the assumptions about returns to scale:

o Constant returns to scale (CRS). This assumption describes the efficiency frontier as a ray from the origin
through the observation(s) with the highest output/input ratio (Box figure, upper left panel).

° Variable returns to scale (VRS). This approach identifies the schools or countries that define the frontier by
starting from the observations of units that use the least of each input and ending with the observations
producing the highest amount of each output (upper-right panel).

. Non-increasing returns to scale (NIRS). This assumption combines the constant returns to scale
assumption between the origin and the observation with the highest output/input ratio, and variable returns
to scale thereafter (lower left panel).

Box Figure. DEA efficiency frontiers

Output Output
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Input Input

Output

NIRS

Input




ECO/WKP(2007)18

identified: quality in resource allocation; quality in budget management, and quality in market frameworks

(Box 2).

The broad structure of the indicators is shown in Figure 1 and data are given in the Annex

(Table A4). Composite indicators for policies in these three domains are used in this paper as measures of
the policy settings that are likely to influence national differences in educational efficiency.” These
composite indicators can be aggregated further into overall composite indicators; but such a high level of
aggregation appears to mask the influence of policy settings on measures of efficiency.’

Box 2. The structure of institutional indicators

Quality in resource allocation

Two important indicators of an ability to allocate resources efficiently are defined as follows:

The degree of decentralisation of responsibilities between central government and sub-national public
authorities is taken as improving efficiency in the allocation of public spending resources insofar as
educational needs may differ from one geographical area to another and resources should be matched to
them. However, decentralisation may become counterproductive and reduce efficiency if it is poorly
designed, resulting, for instance, in overlapping responsibilities between levels of government.

Matching resources to specific needs -- which can encompass mechanisms to support the disadvantaged --
may have a favourable impact on overall educational efficiency, notably by avoiding “cream-skimming”
effects at the aggregate level. Such mechanisms may be required in order to make up for the tendency of
education systems to under-provide services for less able pupils.

Quality in budget management

Under the heading of quality in budget management, two crucial efficiency enhancing characteristics may be

identified:

The extent to which policy is outcome-focused allows clear objectives to be set for public institutions
involved in education, especially if backed by associated evaluation, reward and/or sanction systems.

The degree of managerial autonomy, especially at the school level, based on flexibility of job status, wage
setting and budget allocation and disciplined by liberalised outsourcing, may also make for greater efficiency
in the use of resources.

Quality in market framework

Productive efficiency is presumed to be related to the degree of competitive pressure in service provision, which
involves the presence of market signals:

Benchmarking may improve service provision by identifying best practices and inefficiencies.

Allowing for user choice among alternative providers of educational services may be one of the most
effective means of giving market signals a role in enhancing the effectiveness of public spending in
education. This may strengthen competitive pressures and results in services which respond better to
citizens’ needs -- provided that spending follows the user.

In producing each composite indicator, different types of aggregation procedures can be used, depending in
part on the potential complementarities between policies in different domains. In each case, three versions
of the indicator are calculated and used in the analysis, based on multiplicative and two variants of
exponential aggregation.

This may be due to the presence of offsetting characteristics at the sub-aggregate level. Some policies help
to enhance efficiency by economising on resources; others help by allowing resources to be used more
effectively. If the two institutional characteristics are combined into a composite indicator, it may not
correlate with indicators of performance measured in either the input saving or output increasing direction.
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Figure 1. Structure of institutional indicators

‘ Quality in resource allocation ‘ Quality in budget management ‘ ‘ Quality in market framework ‘
Decentralisation Matching resources to specific Outcome-focused policy Managerial autonomy at the school Benchmarking User choice
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7. The country-level data are limited to the very small sample of OECD member countries -- less

than 30 observations, which severely limits the possible empirical analysis. Hence, the analysis in this
paper is also conducted using school-level data, which builds on a vastly larger sample of typically over
5000 schools. The two approaches are intended to be corroborative and complementary.” In order to
exploit the much larger dataset of school level efficiency estimates, responses to the PISA 2003 school-
level questionnaire can be used to test the influence of institutions and policies which are components of
the country-level institutional indicators. In particular, the PISA responses give school-level information
with respect to aspects of: decision-making autonomy; student assessment and streaming; and school
selectivity, as well as types of ownership. Descriptive statistics for these school-level data are given in the
Annex (Table A6).® At the same time, the national institutional indicator data set has been complemented
by a set of national institutional variables available from the OECD publication Education at a Glance
(2004), showing the extent of decision-making autonomy given to schools in various domains. These
indicators are used to supplement analysis at the country level (Table AS).

8. The estimations at both the national and school level were augmented with variables to control
for possible differences in the quality of teaching inputs.” At the national level, a variable for the relative

7. Estimates of technical efficiency at the national level and for the median school, together with estimates of
cost efficiency at the national level, are given in Annex Tables A1-A3). In general, the school-level
estimates of efficiency have smaller confidence intervals around the point estimates of the level of
technical efficiency. In order to simplify some of the estimations used later in the paper, the efficiency
estimates are the inverse of the estimates presented in Sutherland et al. (2007). Thus, a negative estimated
coefficient suggests a relation with lower levels of inefficiency.

8. Apart from the composite indicators already available in the PISA 2003 database, the variables derived are
mainly dummy variables, which assign a value of one if the school implements a given policy and zero
otherwise.

9. A variable for population density -- to account for the possible burden of providing education in countries

where geographic dispersion is high -- was also used in preliminary testing. However, this variable did not
reveal any significant relationship with efficiency at the aggregate level, perhaps due to the crudeness of
the measure for a country as a whole. This variable is dropped in the results reported.
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remuneration of career teachers (Education at a Glance reports a teacher’s wage after 15 years relative to
per capita GDP) was included to capture possible differences in the quality of teaching personnel.
However, as GDP per capita reflects not only national productivity levels but is influenced also by
employment rates, this variable is at best a rough proxy. At the school level, the main quality variable used
was taken from the PISA school questionnaire on the certification or qualifications of the teaching staff.
The school-level database also contained responses on the assessment of the quality of pedagogical and
building resources, which were used in the analysis as well.

Estimation procedure

9. The estimation procedure uses the dependent variables and explanatory variables described above
in a regression to evaluate the possible influence of institutional settings on the measures of efficiency
performance. (The method employed is set out in Box 3.) The empirical approach adopted faces two main
obstacles in identifying the influence of policy on performance. One drawback is that the indicators for the
institutional environment are based on information concerning 2006, though the estimates of efficiency are
based on education received mainly during the 1990s, as captured by the PISA 2003 survey. This may not
be too problematic if the institutional framework of education systems or for individual schools has been
relatively unchanged. But, in some cases, quite radical reforms have been implemented over the past
decade. A second limitation is the cross-sectional nature of the data. Results are limited to identifying
empirical relationships that lend plausible support to the possible role of institutional settings in affecting
efficiency, but causality could be different.

10. The two-stage procedure used to assess institutional and policy influences on efficiency, whereby
indicators of efficiency are first created and then regressed on institutional indicators, might, in principle,
be replaced by a single-stage process in which policy and institutional factors were incorporated as controls
at the production function stage. However, the accuracy of the estimation using non-parametric techniques
falls dramatically as the number of variables used in the specification rises. In addition, DEA estimates are
sensitive to the inclusion of irrelevant variables. Given these limitations, the two-step approach provides a
suitable framework to test for the significance of institutional variables expected to influence efficiency.
While a two-step approach has limitations -- there may indeed be biases in either direction due to the
omission of policy variables from the estimates of efficiency -- results from parametric regressions using
stochastilc0 frontier analysis at the school-level provide a check on the robustness of the non-parametric
findings.

3. Institutional settings and efficiency at the country level

11. An examination of the relationship between institutional indicators and efficiency indicators at
the country level is based on an extremely small sample. In this context, specifications are kept relatively
simple, though it should be noted that some results are sensitive to these simplified specifications. For this
reason, the results presented in this section should be treated with some caution.

10. Estimates derived from stochastic frontier analysis, which require that the production function be explicitly
specified, are also less rich than the two-stage DEA results, since they can vary according to whether the
efficiency measure is in terms of input saving or output boosting and the assumptions about the returns to
scale.

10
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Box 3. Estimation procedure
Truncated regressions

The distribution of efficiency estimates is truncated at the point of observed best practice and this needs to be taken into
account in the estimation procedure. Maximum likelihood techniques are available to estimate truncated regressions,1 with the
general form of the truncated regression given by :

Si = ,B'zl. +¢,

The log likelihood function for the (left) truncated regression estimates used in this paper is:

207

Measurement error affecting observations on the efficiency frontier can create complicated patterns of serial correlation for
observations that lie within that portion of the frontier. This is particularly a problem at the tails of the distributions that determine the
efficiency frontier. One possibility to address this -- adopted recently by a number of authors -- is to bootstrap the truncated regression
model (Simar and Wilson, 2007; Afonso and St. Aubyn, 2006). “Pseudo data” are generated from a truncated normal distribution and
repeatedly used as the dependent variable using the same explanatory variables (as described below).2 The resulting estimates are
then used to construct confidence intervals for the point estimates from the original truncated regression.

The bootstrap procedure using pseudo data is performed as follows:

1nL:—§(ln(27r)+1H02)— 1 Z(gf_ﬂ'zf)z_zln =@ l_f’Zi

A

Use the maximum likelihood estimator to estimate ﬂ and OA'E for the truncated regression 51' Zﬁ'zi +&; with
2
& ~N (0, o. )
Next, loop over the following steps (in the estimations 2 000 loops were used)

1. for each i=1,...,m where m <n draw é‘l. from &; ~ N(O, O'E2 ) with left truncation at (1 - ,B'Zi) The method to draw

from the left-truncated normal distribution is as follows: Let CD() and @71 () denote the standard normal distribution

and the standard normal quantile function, respectively. Generate v to be uniform on (0,1) and set c'=1/ 0 to calculate

v'=®(c)+ (1 - D(c'))v. Then compute u = o~ (1)

2. compute 5; = ﬂ'Zl. + é‘i

A

Ax .
3. Use the maximum likelihood estimator for the truncated regression 51‘ = ,B'Zi + &, toestimate ﬂ* and O':

Finally, use the bootstrap values to construct confidence intervals around the original estimates of ﬂ and 6-5

Stochastic frontier analysis

Stochastic frontier analysis is similar to standard regression techniques but differs by exploiting the one-sided nature of
inefficiency to decompose the error term into a standard error term and an asymmetric component that measures inefficiency.
Formally, the basic stochastic frontier model is given by:

Vi :f(xnﬁ)"'vi —U;

where, y; is the output of school j, f{.), is a measurable production function, x; are exogenous variables, 8 is a vector of unknown
parameters and vi-u; is the composed error term consisting of v the symmetric disturbance and u the non-negative disturbance
measuring the inefficiency of the school. There are a number of different types of assumptions concerning the distribution of the
inefficiency, including half-normal and exponential.

The estimates augment the translog production function used in Sutherland et al. (2007) with the different measures of policies
reported at the school level. These estimates report cluster robust standard errors (z statistics) in order to take into account the
possible lack of independence of policies across public and private schools within a country.

1. Alternative approaches used to explain inefficiency, such as Tobit analysis, which is often used in the empirical literature, will lead
to inconsistent estimation (Maddala, 1983). The approach adopted in this paper does not take account of the possible truncated
distribution of the institutional indicators or the fact that the dummy variables are categorical (that is the variable is either 0 or 1).
Zelenuyk (2005) reports that the test for significance for the coefficients of dummy variables will tend to show statistical
significance only when the differences in the efficiency levels between the groups identified by the dummy variables are large.

2. ltis also possible to use a bootstrap on the empirical distribution, though this is potentially inconsistent.

11
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12. The analysis here explored a number of specifications (Table 1), using estimates of technical
efficiency for each country’s “median school” from the school-level database as well as the estimates of
technical and cost efficiency from the country-level sample.'' Efficiency is measured in both the input-
saving and output-increasing direction and in each case there are three versions of these indicators which
differ according to the assumptions about returns to scale. Results are only reported under the assumption
of non-increasing returns to scale in Table 1 (additional specifications being reported in the Annex). The

Table 1. Correlations between efficiency scores and institutional indicators
Efficiency measured assuming non-increasing returns to scale

Efficiency indicators
Input orientation Output orientation

M @ @) @ (6 6 @ (@8

A. Technical efficiency for the median school

Institutional indicators
Resource allocation -
Budget management +++ +++

Market framework ... ...
Relative teachers' remuneration +++ et |
Same results with other returns to scale assumptions No Yes Yes Yes| No No No No

B. Technical efficiency at the national-level

Institutional indicators

Resource allocation -

Budget management

Market framework ...
Relative teachers' remuneration +++  +++

Same results with other returns to scale assumptions Yes Yes Yes Yes|Yes No No No

C. Cost efficiency at the national-level

Institutional indicators
Resource allocation -
Budget management
Market framework
Relative teachers' remuneration +++  +++ L+ R | L .+

Same results with other returns to scale assumptions Yes Yes No Yes [No No Yes No

Note: + signifies a positive correlation with higher levels of efficiency, a - signifies a negative correlation, while a dot
indicates the relationship was not statistically significant. The results are for each specification using the institutional
indicators and different methods of their aggregation. Thus, if a positive correlation holds for an institutional indicator using all
three aggregation methods, the cell will record three plus signs.

11. The median school is used in the assessment of country-level institutional settings not only to check against
possible aggregation biases (Hanushek, 1996) but also because the point estimates of efficiency from the
country-level sample are subject to considerable uncertainty. This is an unavoidable drawback of DEA
analysis on small samples.

12
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set of explanatory variables combines relative teachers’ remuneration in four different configurations of
explanatory variables, namely the indicator of resource allocation (columns 1 and 5 in Table 1); budget
management (columns 2 and 6); market framework (columns 3 and 7), and all three indicators (columns 4
and 8). The institutional indicators also vary according to the three different aggregation methods
employed in their construction (multiplicative and two variants of exponential aggregation).

13. The results do not reveal a systematic relationship between the performance indicators and the
country-level composite indicators for institutional settings. Panel A reports results for estimations using
the level of technical efficiency for the “median school” as the dependent variable. A higher level of
quality in budget management is positively correlated with higher efficiency, as measured by the extent of
possible resource savings (columns 2 and 4), while the policy indicator for quality in resource allocation
generally does not play a significant role (columns 1 and 4)."* Panel B reports results using the level of
technical efficiency from the country-level sample as the dependent variable, which confirm the above
negative result with respect to the policy indicator for quality in resource allocation. In these specifications,
the policy indicator for budget management is no longer significant. Panel C reports results relating to cost
efficiency from the country-level sample, with similar results.

14. Relative teachers’ remuneration emerges as positively related to technical efficiency in most
specifications when efficiency is measured as potential savings in inputs.”” The various explanatory
variables are generally not statistically significant when the efficiency indicator is measured in the output
orientation, probably reflecting the smaller degree of policy-related variation in comparison to input-
oriented efficiency indicators.

15. A second set of regressions at the country level examines whether the performance indicators are
related to the extent to which decisions are devolved to the school level, using information from Education
at Glance (OECD, 2004). (This component of decision making is included in the resource allocation
indicator, used in the previous set of regressions, but is here incorporated separately.) These regressions
reveal a reasonably consistent picture of better education performance in countries where decentralisation
is more pronounced (Table 2).'"* The potentially beneficial effects of autonomy over the organisation of
instruction (columns 2 and 7) and, to a slightly lesser extent, planning -- including such decisions as
whether to open or close a school and programme design -- (column 4) are particularly striking.

16. The composite institutional indicators and intermediate indicators do, however, play a more
positive role in explaining the variation in school-level efficiency scores within countries (Table 3). The
variation in school-level efficiency is measured as the difference in the efficiency levels of the schools at
the 5™ and 95" percentiles. The results suggest that there is less variation in school-level efficiency when
there is a more favourable institutional setting, as measured by the composite indictor. The indicator is
negatively correlated with the measure of variation in efficiency performance in two of the three

12. These results also hold when the efficiency indicator is constructed using a different assumption about
returns to scale.

13. Alternative possible measures of teacher quality derived from the PISA 2003 database used in the school-
level analysis are typically insignificant, however. In these specifications, the coefficient of the indicator
for market frameworks suggests a positive relationship with inefficiency in some specifications.

14. See Bishop and Woessmann (2004) on the importance of school-level decision-making autonomy.
Barankay and Lockwood (2006) using data from Swiss cantons show that greater autonomy is correlated
with higher levels of student attainment.

13



ECO/WKP(2007)18

Table 2. Cross-country correlations between efficiency scores and decentralisation

Technical efficiency for the median school

Input orientation Output orientation

M @ @6 @ &6 ) (@) (9 (10

Aspects of decisions made at school-level
All domains +++ .t

Instruction +++ +++

Personnel .+ .t
Planning +++ .+
Resources ... .
Relative teachers' remuneration +++ +++ +++ +++ -+ |+ -+

Note: + signifies a positive correlation with higher levels of efficiency, a - signifies a negative correlation,
while a dot indicates that the relationship was not statistically significant . The results are for efficiency
measures using different assumptions about returns to scale. Thus, if a positive correlation holds for an
efficiency indicator using all assumptions about returns to scale, the cell will record three plus signs.

Table 3. Within-country variation of efficiency and institutional settings

Cross correlations between institutional indicators and the range containing the
middle 90% of school efficiency scores

Cross correlations

Input orientation Output orientation

Multiplicative aggregation

Composite indicator -0.340* -0.314

Budget management -0.184 -0.027

Market efficiency -0.255 -0.255

Resource allocation -0.340* -0.446**
Exponential aggregation, low

Composite indicator -0.101 0.033

Budget management -0.152 0.020

Market efficiency -0.151 -0.205

Resource allocation -0.303 -0.460**
Exponential aggregation, high

Composite indicator -0.387** -0.370*

Budget management -0.163 -0.024

Market efficiency -0.313 -0.321*

Resource allocation -0.359* -0.454**

Note: A negative sign indicates lower levels of inefficiency. * and ** signify that the cross
correlations are significant at the 10% and 5% level of significance, respectively.
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specifications reported (corresponding to the different methods of aggregation employed). Policies that
score more highly in the domains of resource allocation are particularly strongly correlated with improved
performance within a country. °

4. School-level policy settings and efficiency

17. The results for efficiency performance at the school level are built on multivariate baseline
truncated regressions (Table 4). The dependent variables are the input-saving and output-increasing
estimates of school-level technical efficiency calculated from the PISA 2003 school-level database.'® The
explanatory variables correspond to the components of the institutional indicators of policy settings and are
derived from the same database. These variables include the extent of school-level autonomy; the use of
streaming within the school; the use of assessment, and the importance of selection for the school; as well
as variables describing the size of school; ownership status and proxy measures of the quality of teaching
inputs, together with a set of country dummy variables. Where possible, the specific types of policies at the
school level are examined in more detail (for example, looking at different types of selection policies rather
than aggregate indices concerning the extent of selection). The following paragraphs discuss the results in
more detail and present supplementary estimations.

18. In order to provide a check on the robustness of these results, Table 5 reports estimates of
stochastic frontier estimates of translog production functions.'” The specification uses average PISA
attainment as the dependent variables and uses as principal explanatory variables the teacher-student ratio,
the availability of computers, the average socio-economic and language background of students in the
school, which is augmented by the additional explanatory variables used in the truncated regressions. The
socio-economic background variable is a school average of the pupils’ PISA 2003 Index of Economic,
Social and Cultural Status (rebased on the highest number of years of schooling received by a parent which
is a sub-component of the index). The language background is measured as the share of the school’s pupils
that speak a national test language at home. In this context, the estimates report whether the different
policy variables are associated with higher (positive coefficient) or lower (negative coefficient) levels of
attainment, other things being equal.

Size, ownership and quality of resources

19. The results for the regressions reported in Tables 4 and 5 suggest that the size of school matters
for efficiency. The results from the truncated regression suggest that this holds particularly for differences
in terms of potential savings in inputs (Table 4, panel A)."® Figure 2, panel A shows the share of schools
that are larger than the size of the median school in the whole sample. Typically schools in less populated
settlements are smaller, around one third of the size of schools in more densely populated areas (Figure 2,
panel B). Hence, geographical factors in some cases will make it infeasible to shift the distribution of
schools towards larger schools, but this may not represent a binding constraint in a number of countries.

15. The negative correlation for the indicator of resource allocation occurs irrespective of the method of
aggregation employed in its construction, suggesting a quite robust relationship.

16. The results reported are for the measures of technical efficiency that assume non-increasing returns to
scale; additional results are presented in the Annex.

17. Stochastic frontier analysis was used in Sutherland et al. (2007) to check the robustness of data
envelopment analysis estimates of efficiency.

18. This finding was robust to the different measures of technical efficiency and different specifications
reported below. Larger schools are systematically more efficient in all the specifications.

15
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Table 4. Determinants of technical efficiency at school level
Effect on inefficiency

Coefficent Confidence intervals derived from pseudo distribution
estimate
Lower (2.5) Upper (97.5)

Factors affecting inefficiency

A. Input orientation
Size (x100) -0.014 ** -0.016 -0.013
Government-dependent private -0.014 -0.034 0.005
Independent private 0.054 ** 0.026 0.083
Teacher qualifications -0.040 ** -0.069 -0.012
Autonomy resources -0.002 -0.006 0.002
Autonomy curricular 0.003 -0.003 0.008
Some streaming 0.019 ** 0.060 0.033
Complete streaming 0.034 ** 0.021 0.047
Assessment: medium -0.009 -0.021 0.005
Assessment: high 0.001 -0.015 0.017
Selectivity: considered 0.009 -0.003 0.022
Selectivity: priority -0.018 ** -0.035 0.000
Selectivity: pre-requisite -0.037 ** -0.052 -0.021

B. Output orientation
Size (x100) -0.006 ** -0.007 -0.005
Government-dependent private -0.020 ** -0.035 -0.005
Independent private 0.000 -0.023 0.021
Teacher qualifications -0.027 ** -0.048 -0.005
Autonomy resources 0.003 ** 0.000 0.006
Autonomy curricular 0.001 -0.003 0.006
Some streaming 0.020 ** 0.009 0.030
Complete streaming 0.031 ** 0.020 0.041
Assessment: medium -0.001 -0.011 0.009
Assessment: high 0.008 -0.004 0.021
Selectivity: considered 0.001 -0.008 0.011
Selectivity: priority -0.033 ** -0.047 -0.020
Selectivity: pre-requisite -0.064 ** -0.076 -0.052

Note : a negative sign indicates lower levels of inefficiency.
** Indicates that the confidence interval does not encompass zero, giving an indication of the statistical significance of the estimate.
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Table 5. Efficiency and school-level policies: stochastic frontier analysis

Half-normal Exponential
Coefficient Cluster-robust Z| ¢qefficient Cluster-robust Z
score score

Constant 5.129 *** 49.34 5.087 *** 52.78
Teacher-student ratio 0.039 1.40 0.041 1.20
Computer availability -0.014 -0.65 -0.011 -0.59
Socio-economic background 0.466 *** 14.06 0.468 *** 17.16
Language background 0.108 *** 4.93 0.109 *** 5.22
Teacher-student ratio*teacher-student ratio -0.050 *** -2.82 -0.047 ** -2.70
Computer availability*computer availability -0.009 -1.84 -0.008 ** -2.08
Teacher-student ratio*computer availability 0.020 ** 213 0.018 ** 2.00
School size (x100) 0.002 ** 247 0.002 ** 2.32
Government-dependent private 0.021 *** 2.59 0.022 ** 2.27
Independent private 0.001 0.07 0.004 0.23
Teacher qualifications 0.011 1.03 0.013 1.33
Autonomy resources -0.006 *** -2.67 -0.006 *** -2.59
Autonomy curriculum 0.007 1.55 0.007 1.56
Some streaming -0.004 -0.86 -0.003 -0.75
Complete streaming -0.016 ** -2.31 -0.015 ** -2.80
Assessment: medium -0.001 -0.38 -0.001 -0.38
Assessment: high -0.012 ** -2.08 -0.013 ** -2.54
Selectivity: considered 0.000 0.02 0.000 0.03
Selectivity: priority 0.022 *** 2.82 0.021 *** 2.82
Selectivity: pre-requisite 0.046 *** 5.48 0.047 *** 5.04
Lambda 2.33 1.156

Note : The table presents the estimated coefficients and associated cluster-robust Z-scores for a translog production
function. The cluster-robust Z score takes into account the possible lack of independence of school policies within
country. ** and *** signify that the estimated coefficient is significantly different from zero at the 5% and 1% level of
significance, respectively. A positive coefficient signifies a positive relationship with average performance in PISA tests.

20. The results presented in Sutherland er al. (2007) suggested that government-dependent private
schools (those privately-owned schools that rely on state funding for the majority of their income) tend to
be relatively efficient in the output-maximising direction.'” The analysis here supports this view, in that
levels of technical efficiency measured in the output direction are higher on average in government-
dependent private schools, other things being equal, suggesting that a higher ratio of government-

19. Woessmann (2005).
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Figure 2. Relative share of "large" schools
A. Share of schools larger than median school in the PISA 2003 database
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dependent schools could help raise system-wide efficiency. The level of efficiency appears to be
sometimes lower in independent private schools when technical efficiency is measured in the input
orientation.”® As Figure 3 suggests, in some countries there may be a case for encouraging a broader range
of school types.

20. Fuchs and Woessmann (2004) note higher levels of student attainment in government-dependent private
schools. The coefficient for purely private schools is less robust, being particularly sensitive to the

18
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Figure 3. Relative importance of different types of schools

A. Share of students in different school types in PISA 2003 school database
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Source: PISA 2003 school database; Education at a glance, OECD indicators, 2005.

Consistent with the findings at the country level, indicators for higher quality teaching resources

appear to be correlated with better performance at the school level. The results in Table 4 reveal that the
proportion of the teaching staff certified with the national authorities is positively correlated with higher
levels of efficiency in the truncated regressions, particularly in the input-saving direction. The estimates
coefficients in the stochastic frontier analysis, while also positively related to higher levels of efficiency,
are statistically insignificant. If the variable used in the estimation is replaced by the proportion of teachers
who possess teaching qualifications the results are very similar (Table A12).>' Schools also tend to be more
efficient when principals report that teaching resources, but not generally the physical infrastructure of the

21.

inclusion of Japanese private schools in the estimation. Estimations omitting Japanese schools from the
sample show that independent private schools tend to be more efficient than public schools.

The proportion of staff that is certified with the national authorities is used, as a larger number of schools
responded to this question. Research focusing on attainment has found limited support for the proposition
that teaching qualifications -- the observable proxy for teaching quality -- contribute to higher levels of
output (see for example Barrow and Rouse, 2005).
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school, are in good order (Tables A13 and Al4). As Figure 4 suggests, there appears to be scope for
improving the quality of teaching staff in a number of countries, notably Iceland, Portugal, the Slovak
Republic and Turkey.”

Figure 4. Average share of certified teachers

Per cent

Source: PISA 2003 school database

Resource allocation: decentralisation, matching resources to needs

22. Contrary to the country results, where the devolution of decision-making autonomy to the school
level (using the PISA school-level database) was associated with higher levels of efficiency, the measures
of decision-making decentralisation derived from the PISA 2003 school-level database paint an
inconclusive picture. Although the aggregate indicator for resource autonomy is significant in the output-
raising orientation in the truncated regression and the stochastic frontier analysis, estimations for different
types of decision-making autonomy were generally insignificant in the truncated regressions.” However,
the stochastic frontier estimates suggest that student attainment is higher when schools have autonomy
over deterzrglining teachers’ salaries, but not when assessment policies are decentralised to the school level
(Table 6).

22, The poor quality of teaching staff was identified as an obstacle in Portugal (Guichard and Larre, 2006).

23. Examination of the individual responses to questions concerning decision-making autonomy in particular
domains, such as whether the school can choose its own textbooks, was also inconclusive. These aspects of
decision-making were examined using dummy variables that assigned a value of 1 if regional or national
authorities had a say in a particular decision.

24, The finding that centralised assessment is conducive to better student attainment is a result noted in other
analyses (Fuchs and Woessmann, 2004).
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Table 6. Types of autonomy and performance
Stochastic frontier analysis

Coefficient Cluster-robust Coefficient Cluster-robust Coefficient Cluster-robust
Z score Z score Z score

Constant 5.120 *=** 51.16 5.114 *** 52.97 5.130 *** 49.79
Teacher-student ratio 0.038 1.33 0.039 1.35 0.049 1.50
Computer availability -0.014 -0.65 -0.014 -0.07 -0.013 -0.62
Socio-economic background 0.464 *** 13.89 0.465 *** 14.76 0.458 *** 15.65
Language background 0.118 *** 5.83 0.117 *** 6.07 0.113 *** 5.69
Teacher-student ratio

*teacher-student ratio -0.051 ** -2.56 -0.051 *** -3.13 -0.052 *** -2.74
Computer availability

*computer availability -0.009 ** -2.08 -0.009 ** -2.02 -0.009 *** -2.16
Teacher-student ratio

*computer availability 0.022 1.94 0.022 ** 2.58 0.021 ** 2.14
School size (x100) 0.003 *** 2.75 0.003 *** 3.27 0.003 *** 2.69
Government-dependent private 0.019 ** 2.04 0.018 ** 2.10 0.016 1.57
Independent private 0.002 0.14 0.003 0.02 -0.004 -0.19
Teacher qualifications 0.010 0.10 0.008 0.89 0.016 1.36
Autonomy over teacher salaries 0.016 ** 2.49
Autonomy over salary increases 0.020 *** 3.32
Autonomy over assessment policies -0.020 ** -2.01
Some streaming -0.005 -0.88 -0.005 -0.08 -0.007 -1.30
Complete streaming -0.018 ** -2.06 -0.017 ** -2.40 -0.021 *** -3.06
Assessment: medium -0.002 -0.45 -0.002 -0.43 -0.003 -0.69
Assessment: high -0.011 -1.54 -0.011 -1.75 -0.013 ** -1.96
Selectivity: considered 0.000 0.04 0.000 0.01 -0.001 -0.22
Selectivity: priority 0.022 *** 2.81 0.022 *** 3.02 0.022 *** 2.36
Selectivity: pre-requisite 0.046 *** 5.28 0.047 *** 4.59 0.440 *** 4.57
Lambda 2.306 2.313 2.300

Note : The table presents the estimated coefficients and associated cluster-robust Z-scores for a translog production function
assuming a half-normal distribution. The cluster-robust Z score takes into account the possible lack of independence of school
policies within country. ** and *** signify that the estimated coefficient is significantly different from zero at the 5% and 1% level
of significance, respectively. A positive coefficient signifies a postive relationship with average performance in PISA tests.
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23.

The analysis also suggests that schools implementing streaming demonstrate lower levels of

technical efficiency in both the input and output orientations, particularly if streaming is for all classes
(Table 4). This suggests that there may be opportunities to raise system-wide efficiency by reassessing
the extensive use of selection within schools. As can be seen in Figure 5, streaming within schools is most
commonly reported in English-speaking countries.*®

Figure 5. The prevalence of streaming

Share of schools in the PISA 2003 database reporting using streaming in some or all classes
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Source: PISA 2003 school database

24,
with technical efficiency (Table 4). However, particular types of assessment can be related to efficiency
performance (Table 7).’ The main relationships of these types of assessment with school-level technical
efficiency are:

Market framework: benchmarking and user choice

The results relating to the frequency of assessment suggest that it has little systematic relation

25.

26.

27.

The institutional indicators include information on the age of first selection, which is argued to
discriminate against students sorted into the “low” stream or track if selection is too early. The PISA
school-level database does not include information on the age at which streaming commences, but there is
information on the extent to which it is used within schools. If, however, streaming is implemented by
shifting pupils between schools (tracking) this will not be captured.

The sorting of students between schools (tracking) may have similar impacts in some cases. Shuetz et al.
(2005) note early tracking heightens the influence of family background on attainment, suggesting that
tracking has a negative effect on attainment in the “low track”. Estimates of the impact of ability grouping
on student attainment, using PISA 2003 data, found that it could vary markedly across countries (Carey
and Ernst, 2006), which may be a consequence of associated resource allocation (West and Woessmann
(2003).

This process uses the same general framework as the baseline regressions, but substitutes the assessment
variables by variables that are given a value of one when the school practises a particular type of
assessment.
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Assessments made to inform parents appear to be positively correlated with higher levels of
technical efficiency measured in the output orientation in the truncated regressions, but not
statistically significant in the stochastic frontier estimates. The scope for boosting efficiency here
is greatest in Turkey where only four-fifths of schools report using this type of assessment.

Assessment of pupil progress through the school appears to be correlated with higher levels of
efficiency in both the input and output orientations in the truncated regressions. The variable was
also statistically significant in some stochastic frontier estimates, though not all.”®

Assessment made to group students appears to be negatively correlated with technical efficiency
in both the input and output orientation, which is consistent with the finding for streaming
reported above. This variable was also statistically significant in some stochastic frontier
estimates.

Table 7. Correlations between assessment type criteria and technical efficiency
Effect on inefficiency, coefficient estimates from fuller specification

. Confidence intervals derived from pseudo distribution
Coefficient
estimate
Lower (2.5) Upper (97.5)
Input orientation
Assessment to
inform parents -0.017 -0.045 0.013
assess student progress -0.029 ** -0.044 -0.013
group students 0.017 ** 0.002 0.023
compare nationally -0.010 -0.021 0.002
assess school progress 0.001 -0.008 0.014
compare to other schools -0.010 ** -0.022 0.000
Ouput orientation
Assessment to
inform parents -0.021 ** -0.039 -0.005
assess student progress -0.025 ** -0.037 -0.008
group students 0.018 ** 0.005 0.021
compare nationally -0.011 * -0.020 -0.003
assess school progress -0.002 -0.010 0.008
compare to other schools -0.007 -0.015 0.000

Note : a negative sign indicates lower levels of inefficiency.

** Indicates that the confidence interval does not encompass zero, giving an indication of the statistical significance of the estimate.

The specification is the same as that given in Table 4, with the individual selection policies sequentially replacing the variables for
assessment.

28.

However, schools with a higher proportion of students repeating a year tend to be less efficient.
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25.

Per cent

90

Assessments may be used both for national comparison and for comparison with other schools,
and thus allow for benchmarking.” While the results are not robust across all specifications, they
suggest that both types of assessment are associated with higher levels of school-level technical
efficiency, which is consistent with findings that benchmarking is associated with higher student
attainment.”” As shown in Figure 6, this type of assessment appears to be underdeveloped in
Belgium, Denmark and Greece.

Figure 6. The use of benchmarking in schools

Share of schools in the PISA 2003 database reporting using assessment
to compare with national performance and other schools
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Using an aggregate index of school selectivity already developed in the PISA 2003 database

suggests that more demanding selection is associated with higher levels of efficiency (Table 4).* When
schools report making certain criteria a priority and, more especially, a pre-requisite for selection, levels of

29.

30.

31.

Studies on academic attainment frequently highlight the importance of centralised testing systems (Bishop
and Woessmann, 2004).

The relationship is not statistically significant in all specifications (see Annex), which could be related to
features of how benchmarking is designed. If it distorts teaching incentives, benchmarking could lead to
“teaching to the test” at the expense of developing other areas of cognitive ability (Lazear, 2006; Jacob,
2007).

While for this aggregate indicator the result is the opposite of that expected, this may reflect that
competitive pressures may have a greater impact in some schools where selection is strong. Gibbons
et al.(2006), using student-level data to investigate attainment in British primary schools, find that
competitive pressures driven by greater parental choice have more impact in faith-based schools, which
have more freedom in selecting students, than schools in the state system where choice appears to have
little effect after accounting for location and pupil sorting. Heckman (2000) and Hoxby (2003) stress the
fundamental role competition can play in raising efficiency.
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technical efficiency tend to be higher. This finding is subject to two caveats. First, while school selection
may be good for schools individually, the aggregate effect in the country as a whole may be detrimental if
the outcome is associated with negative externalities in other schools. Second, the type of selection is
important as the individual school selection policies can either facilitate or block student or parental
choice.”® To explore this issue, the relationship between school selection policies and school-level
technical efficiency is assessed by using the same general framework as the baseline regression, but
substituting the selection indicators by variables that are given a value of one when the school practises a
particular type of selection (coefficient estimates and confidence intervals are given in Tables 8 and 9). The
main results for the different types of selection are.

e Selection based on residence, which limits student (or parental) choice, is negatively related to
school-level technical efficiency, particularly in the output orientation. As revealed by Figure 7,
residence-based selection criteria are reasonably widespread, with over half the schools in
Greece, Poland, Switzerland and the United States reporting that residence is a prerequisite for
selection.

e School selection based on academic record, or to a lesser extent recommendations from feeder
schools, is related to greater levels of efficiency (amounting to around a 6% improvement for a
school with the median level of technical efficiency, other things being equal). This relationship
holds if the sample is restricted to just public schools.

Table 8. Correlations between selection criteria and technical efficiency
Effect on inefficiency, coefficient estimates from fuller specification

" Confidence intervals derived from pseudo distribution
Coefficient
estimate
Lower (2.5) Upper (97.5)

Input orientation
Selection based on

Residence 0.013 ** 0.001 0.024

Student record -0.046 ** -0.060 -0.033

Feeder school recommendation -0.003 -0.020 0.013
Ouput orientation
Selection based on

Residence 0.032 ** 0.024 0.041

Student record -0.066 ** -0.076 -0.056

Feeder school recommendation -0.013 ** -0.025 -0.001

Note : a negative sign indicates lower levels of inefficiency.
** Indicates that the confidence interval does not encompass zero, giving an indication of the statistical significance of the estimate.

The specification is the same as that given in Table 4, with the individual selection policies sequentially replacing the variables for
selectivity.

32. There are other factors -- such as the design of how to implement choice and supporting institutional
features -- that can affect whether a greater degree of school choice is effective (Hoxby, 2003).
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Figure 7. Prevalence of residence-based selection criteria

Share of schools reporting residence as a prerequisite in selection
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Table 9. Different types of selection criteria and performance
Stochastic frontier analysis

ECO/WKP(2007)18

Coefficient

Cluster-robust

Coefficient

Cluster-robust

Coefficient

Cluster-robust

Constant
Teacher-student ratio
Computer availability
Socio-economic background
Language background
Teacher-student ratio
*teacher-student ratio
Computer availability
*computer availability
Teacher-student ratio
*computer availability

School size (x100)

Government-dependent private
Independent private

Teacher qualifications

Autonomy resources
Autonomy curriculum

Some streaming
Complete streaming

Assessment: medium
Assessment: high

Selection residence based
Selection on student record
Selection on feeder

school recommendation

Lambda

Z score Z score Z score
5.106 *** 52.48 5.130 *** 46.60 5.091 *** 40.78
0.044 1.58 0.038 1.26 0.048 1.55
-0.020 -0.93 -0.015 -0.71 -0.020 -0.87
0.485 *** 14.85 0.465 *** 15.25 0.485 *** 13.17
0.107 *** 5.19 0.108 *** 5.34 0.113 *** 714
-0.062 *** -3.66 -0.051 *** -2.83 -0.060 *** -3.23
-0.010 -1.91 -0.009 -1.64 -0.010 ** -2.03
0.026 *** 2.83 0.021 ** 2.26 0.025 ** 2.29
0.002 *** 2.63 0.002 *** 2.58 0.002 ** 2.55
0.019 1.93 0.019 ** 2.14 0.023 ** 2.08
-0.002 -0.12 -0.003 -0.17 0.003 0.17
0.012 1.25 0.011 1.04 0.007 0.56
-0.005 -1.81 -0.006 *** -2.64 -0.005 ** -2.17
0.006 0.93 0.007 1.47 0.007 1.55
-0.008 -1.40 -0.005 -1.17 -0.009 -1.5
-0.021 *** -2.96 -0.017 *** -2.68 -0.023 ** -3.42
-0.003 -0.63 -0.001 -0.33 -0.003 -0.71
-0.016 ** -2.48 -0.012 -1.83 -0.015 ** -2.35
-0.016 *** -2.86
0.043 *** 5.57

0.019 1.83

2.070 2.304 2.092

Note: The table presents the estimated coefficients and associated cluster-robust Z-scores for a translog production function
assuming a half-normal distribution. The cluster-robust Z score takes into account the possible lack of independence of school
policies within country. ** and *** signify that the estimated coefficient is significantly different from zero at the 5% and 1% level of
significance, respectively. A positive coefficient signifies a positive relationship with average performance in PISA tests.
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ANNEX: DATA AND SUPPLEMENTARY RESULTS

Table A1. DEA estimates of technical efficiency at the school level

Preferred specifica’tion1

Input efficiency Output efficiency
Median Range 90% Median Range 90%

Australia 1.42 0.15 1.26 0.14
Austria 1.50 0.26 1.30 0.26
Belgium 1.46 0.32 1.23 0.28
Belgium Flemish c. 1.44 0.22 1.21 0.22
Belgium French c. 1.50 0.41 1.28 0.38
Canada 1.43 0.20 1.29 0.19
Czech Republic 1.40 0.18 1.26 0.24
Denmark 1.53 0.18 1.31 0.13
Finland 1.43 0.13 1.22 0.11
Germany 1.35 0.19 1.25 0.23
Greece 1.59 0.25 1.37 0.25
Hungary 1.55 0.26 1.32 0.29
Iceland 1.63 0.16 1.36 0.15
Ireland 1.39 0.17 1.25 0.13
Italy 1.53 0.30 1.27 0.28
Japan 1.36 0.30 1.20 0.28
Korea 1.28 0.21 1.17 0.20
Luxembourg 1.56 0.16 1.35 0.13
Netherlands 1.35 0.22 1.26 0.21
New Zealand 1.37 0.19 1.26 0.17
Norway 1.67 0.12 1.38 0.15
Poland 1.40 0.18 1.24 0.17
Portugal 1.46 0.22 1.26 0.22
Slovak Republic 1.40 0.20 1.25 0.23
Spain 1.44 0.23 1.27 0.20
Sweden 1.47 0.13 1.30 0.12
Switzerland 1.41 0.23 1.27 0.23
Turkey 1.39 0.28 1.31 0.30
United Kingdom 1.43 0.17 1.27 0.18
United States 1.54 0.19 1.35 0.20
Standard deviation 0.09 0.06 0.05 0.06
Median 1.44 0.20 1.27 0.21
Average 1.46 0.21 1.28 0.21

1. PISA score as output and teachers student ratio, computer availability, socio-economic and
language backgrounds as inputs.
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Preferred specification1
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Input efficiency Output efficiency
VRS NIRS CSTRTS VRS NIRS CST RTS
Australia 1.15 1.17 1.16 1.05 1.05 1.16
Austria 1.12 1.13 1.13 1.07 1.07 1.13
Belgium Flemish c. 1.15 1.16 1.12 1.02 1.02 1.12
Belgium French c. 1.14 1.17 1.17 1.11 1.11 1.18
Canada 1.24 1.25 1.24 1.04 1.04 1.25
Czech Republic 1.14 1.15 1.15 1.06 1.06 1.15
Denmark 1.17 1.17 1.16 1.05 1.05 1.16
Finland 1.08 1.09 1.1 1.02 1.02 1.1
France 1.06 1.07 1.07 1.06 1.06 1.07
Germany 1.13 1.19 1.19 1.10 1.10 1.19
Greece 1.07 1.10 1.10 1.08 1.07 1.10
Hungary 1.08 1.09 1.08 1.05 1.05 1.08
Iceland 1.33 1.33 1.32 1.05 1.05 1.32
Ireland 1.06 1.06 1.05 1.03 1.03 1.05
Italy 1.08 1.1 1.1 1.08 1.08 1.1
Japan 1.05 1.07 1.05 1.04 1.04 1.05
Korea 1.08 1.10 1.09 1.04 1.04 1.12
Luxembourg 1.18 1.18 1.18 1.07 1.07 1.18
Netherlands 1.1 1.13 1.13 1.06 1.06 1.13
New Zealand 1.15 1.17 1.17 1.05 1.05 1.17
Norway 1.30 1.32 1.32 1.08 1.08 1.33
Poland 1.04 1.04 1.04 1.04 1.04 1.04
Slovak Republic 1.06 1.08 1.08 1.06 1.06 1.08
Spain 1.03 1.02 1.02 1.04 1.03 1.02
Sweden 1.17 1.18 1.18 1.06 1.06 1.18
Switzerland 1.06 1.08 1.07 1.06 1.06 1.07
United Kingdom 1.12 1.16 1.16 1.07 1.07 1.17
United States 1.17 1.23 1.23 1.09 1.09 1.23
Standard deviation 0.07 0.08 0.08 0.02 0.02 0.08
Median 1.12 1.14 1.13 1.06 1.06 1.13
Average 1.12 1.14 1.13 1.06 1.06 1.14

Note : VRS = variable returns to scale; NIRS = non-increasing returns to scale; CST RTS = constant

returns to scale.

1. Bootstrap estimates with 2 inputs (teachers per 100 students and socio-economic background) and 2
outputs (average PISA score and homogeneity of PISA score).
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Table A3. DEA estimates of cost efficiency at the national level

Preferred specification1

Input efficiency Output efficiency
VRS NIRS CSTRTS VRS NIRS CST RTS
Australia 1.19 1.19 1.25 1.05 1.05 1.26
Austria 1.18 1.18 1.26 1.06 1.06 1.26
Belgium-Flemish 1.17 1.17 1.20 1.02 1.02 1.21
Belgium French 1.22 1.22 1.29 1.1 1.11 1.29
Czech Republic 1.18 1.18 1.32 1.05 1.05 1.33
Denmark 1.25 1.25 1.31 1.05 1.05 1.32
Finland 1.1 1.1 1.21 1.02 1.02 1.21
France 1.10 1.10 1.18 1.06 1.06 1.18
Germany 1.21 1.21 1.28 1.10 1.10 1.29
Greece 1.25 1.25 1.32 1.08 1.08 1.34
Hungary? 1.17 1.17 1.31 1.03 1.03 1.34
Iceland 1.43 1.43 1.50 1.05 1.05 1.51
Ireland 1.12 1.12 1.22 1.03 1.03 1.23
Italy? 1.22 1.22 1.30 1.08 1.08 1.30
Japan 1.07 1.07 1.13 1.04 1.04 1.13
Korea 1.1 1.1 1.12 1.04 1.04 1.13
Luxembourg2 1.29 1.29 1.37 1.08 1.08 1.37
Mexico 1.1 1.1 1.16 1.04 1.04 1.24
Netherlands 1.14 1.14 1.21 1.05 1.05 1.21
New Zealand 1.20 1.20 1.26 1.05 1.05 1.27
Norway 1.39 1.39 1.48 1.08 1.08 1.49
Poland? 1.08 1.08 1.31 1.02 1.02 1.36
Portugal? 1.06 1.06 1.14 1.02 1.02 1.15
Slovak Republic 1.10 1.10 1.13 1.04 1.04 1.16
Spain 1.1 1.11 1.18 1.04 1.04 1.18
Sweden 1.22 1.22 1.30 1.06 1.06 1.30
Switzerland? 1.12 1.12 1.19 1.06 1.06 1.19
United Kingdom 1.18 1.18 1.25 1.06 1.06 1.26
United States 1.30 1.30 1.38 1.09 1.09 1.38
Standard deviation 0.09 0.09 0.10 0.02 0.02 0.10
Median 1.18 1.18 1.26 1.05 1.05 1.26
Average 1.18 1.18 1.25 1.05 1.05 1.27

Note: VRS = variable returns to scale; NIRS = non-increasing returns to scale; CST RTS = constant
returns to scale.

1. Bootstrap estimates with 2 inputs (cumulative expenditure per student and socio-economic
background) and 2 outputs (average PISA score and homogeneity of PISA score).

2. Public institutions only.
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Table A4. Composite insitutional indicators
BEL BEL OECD OECD
USA JPN DEU FRA GBR ITA CAN AUS AUT CHE CZE DNK ESP FIN GRE HUN ISL LUX MEX NLD NOR NZL PRT SVK SWE TUR best
(FL.) (F.) average R
practice
Intermediate indicators’
Decentralisation 59 56 80 41 50 50 83 74 35 87 62 84 33 96 84 93 61 63 87 37 72 41 71 72 34 29 84 45 6.3 9.6
Matching resources to specific needs 67 70 23 75 67 68 37 58 08 47 55 50 57 67 67 67 33 40 67 20 55 63 67 75 83 23 67 07 5.3 8.3
Outcome focused policy 60 05 29 33 54 00 18 26 25 29 21 08 25 04 07 23 35 08 00 01 70 39 06 34 17 79 46 64 2.7 7.9
Managerial autonomy 58 58 55 38 77 40 59 64 45 40 46 21 64 55 47 49 27 70 22 16 14 57 65 64 53 68 52 33 4.8 7.7
Benchmarking 58 22 23 50 90 73 66 66 08 04 18 06 18 60 23 15 67 94 87 55 18 85 68 43 59 74 73 6.1 4.9 9.4
User choice 40 38 44 28 52 51 39 64 35 85 95 38 41 61 80 41 30 40 70 52 37 80 58 44 54 49 42 24 5.0 9.5
Efficiency types2
with multiplicative aggregation
Quality in resource allocation 62 52 33 60 67 64 56 64 13 33 44 36 40 71 55 52 49 58 77 33 45 61 68 65 64 35 72 30 5.2 7.7
Quality in budget management 59 18 36 38 68 04 37 44 28 25 28 12 35 19 18 30 35 30 04 06 28 52 25 46 34 74 52 48 3.3 7.4
Market framework 53 25 27 44 79 67 59 65 13 11 29 10 22 60 32 20 56 77 83 55 22 84 66 44 58 67 64 50 4.8 8.4
with exponential aggregation and low
degree of complementarity 3
Quiality in resource allocation 62 61 49 58 59 59 58 65 19 64 56 64 43 79 73 77 47 51 77 28 61 52 68 71 59 26 73 26 5.7 7.9
Quality in budget management 58 29 38 35 63 17 36 42 31 30 30 12 41 27 24 32 29 36 09 06 39 46 33 46 33 72 48 46 3.5 7.2
Market framework 49 27 31 39 71 62 53 65 19 42 54 19 27 60 49 26 48 67 79 54 25 83 63 44 57 62 58 43 4.9 8.3
with exponential aggregation and high
degree of complementarity4
Quiality in resource allocation 62 48 26 58 59 59 54 64 11 28 39 30 39 66 47 43 47 51 77 28 39 52 68 62 59 26 72 26 4.8 7.7
Quality in budget management 58 08 29 34 56 03 20 28 21 21 22 10 25 06 09 23 28 10 02 03 16 41 09 36 20 7.0 47 35 25 7.0
Market framework 49 24 25 39 71 62 53 65 11 07 20 08 20 60 25 18 48 67 79 54 20 83 63 44 57 62 58 43 4.4 8.3
Composite indicators
with multiplicative aggregation 58 32 32 47 71 45 50 58 18 23 34 19 33 50 35 34 46 55 55 31 32 66 53 52 52 58 63 42 4.4 71
with exponential aggregation and low
3 51 46 46 57 64 55 55 54 48 39 39 60 57 45 32 38 49 41 59 46 29 37 53 42 47 55 23 44 4.7 6.4
degree of complementarity
with exponential aggregation and high
56 27 27 44 62 41 42 52 14 18 27 16 28 44 27 28 41 43 53 28 25 59 47 47 45 53 59 34 3.9 6.2

degree of complementarity"

1. Scores for intermediate indicators before transformation taking account of complementarities (see Annex 2).

2. The score for each efficiency type is computed as a non-weighted average of its associated intermediate indicators after transformation of their values according to the methods detailed in Annex 2.

3. The value of gamma is set at 0.2 (see Annex 2).
4. The value of gamma is set at 0.8 (see Annex 2).

Source: Gonand et al. (2007).
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Table A5. Indicators of the extent of decentralisation

Percentage of decisions taken at the level of the school

Regarding

Total Instruction Personnel Planning Resources
Australia 24 88 0 10 0
Austria 29 88 0 10 17
Belgium-Flemish
Belgium-French 43 63 17 43 50
Canada
Czech Republic 60 88 75 50 29
Denmark 44 88 42 0 46
Finland 27 88 21 0 0
France 31 75 13 21 17
Germany 32 88 8 14 17
Greece 13 50 0 0 0
Hungary 68 100 67 71 33
Iceland 25 63 38 0 0
Ireland
Italy 46 100 33 36 17
Japan 23 63 0 30 0
Korea 48 75 42 25 50
Luxembourg 34 63 13 29 33
Mexico 22 75 0 14 0
Netherlands 100 100 100 100 100
New Zealand 75 100 79 60 63
Norway 37 71 42 0 33
Poland
Portugal 41 75 33 7 50
Slovak Republic 50 88 50 29 33
Spain 28 88 8 0 17
Sweden 47 88 67 0 33
Switzerland
Turkey 24 63 0 33 0
United Kingdom 85 100 83 57 100
United States

Source: OECD (2004), Education at a Glance .
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Table A6. School-level data from the PISA 2003 questionnaire

School size

Teachers are:

Certified
Qualified
Autonomy
Total
Resource
Curricular

Number Mean Stapdgrd Maximum  Minimum
deviation
6204 654.9 477.3 6000 4
5458 0.9 0.2 1 0
4543 0.7 0.4 1 0
6191 0.1 0.9 1.7 -2.8
6191 34 1.8 6.0 0.0
6187 3.2 1.2 4.0 0.0
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Table A7. Institutional indicators and technical efficiency of the median school
Coefficient estimates from correlations between technical efficiency estimates and institutional indicators

Non-increasing returns to scale

Variable returns to scale

Constant returns to scale

Coefficient A Coefficient A Coefficient A
estimate Lower (2.5)  Upper (97.5) | estimate Lower (2.5)  Upper (97.5) | estimate | Lower (2.5) Upper (97.5)
Efficiency measured in the input orientation
Resource allocation
Multiplicative weighting 0.015 -0.002 0.033 0.015 -0.004 0.033 0.012 -0.006 0.030
Exponential weighting (low) 0.016 -0.005 0.036 0.015 -0.004 0.036 0.013 -0.007 0.031
Exponential weighting (high) 0.018 0.001 0.035 0.018 0.000 0.035 0.014 -0.002 0.031
Budget management
Multiplicative weighting -0.021 -0.036 -0.006 -0.021 -0.036 -0.005 -0.020 -0.034 -0.006
Exponential weighting (low) -0.028 -0.046 -0.011 -0.028 -0.046 -0.010 -0.027 -0.043 -0.011
Exponential weighting (high) -0.021 -0.036 -0.007 -0.021 -0.036 -0.006 -0.020 -0.034 -0.006
Market framework
Multiplicative weighting 0.007 -0.007 0.021 0.007 -0.007 0.020 0.005 -0.008 0.019
Exponential weighting (low) 0.009 -0.009 0.025 0.008 -0.010 0.025 0.007 -0.009 0.024
Exponential weighting (high) 0.006 -0.008 0.019 0.006 -0.009 0.019 0.004 -0.009 0.018
Efficiency measured in the output orientation
Resource allocation
Multiplicative weighting 0.009 -0.001 0.020 0.009 -0.002 0.020 0.010 -0.009 0.028
Exponential weighting (low) 0.004 -0.008 0.016 0.004 -0.009 0.016 0.009 -0.012 0.030
Exponential weighting (high) 0.011 0.001 0.020 0.011 0.001 0.021 0.013 -0.004 0.030
Budget management
Multiplicative weighting -0.003 -0.013 0.007 -0.003 -0.013 0.007 -0.019 -0.033 -0.004
Exponential weighting (low) -0.006 -0.019 0.006 -0.006 -0.019 0.006 -0.026 -0.043 -0.008
Exponential weighting (high) -0.004 -0.014 0.006 -0.003 -0.014 0.006 -0.017 -0.034 -0.005
Market framework
Multiplicative weighting 0.007 -0.001 0.015 0.007 -0.001 0.015 0.005 -0.008 0.019
Exponential weighting (low) 0.007 -0.004 0.017 0.007 -0.004 0.017 0.007 -0.011 0.024
Exponential weighting (high) 0.007 -0.001 0.014 0.007 -0.001 0.015 0.004 -0.009 0.018

Note: A stands for confidence intervals derived from pseudo distribution.
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Table A8. Institutional indicators and country-level technical efficiency
Coefficient estimates from correlations between technical efficiency estimates and institutional indicators

Non-increasing returns to scale Variable returns to scale Constant returns to scale

Coefficient A Coefficient A Coefficient A
estimate | Lower (2.5) Upper (97.5) | estimate Lower (2.5)  Upper (97.5) | estimate Lower (2.5)  Upper (97.5)

Efficiency measured in the input orientation
Resource allocation

Multiplicative weighting 0.016 -0.003 0.040 0.016 -0.004 0.038 0.016 -0.004 0.036

Exponential weighting (low) 0.019 -0.002 0.042 0.019 -0.003 0.041 0.019 -0.001 0.040

Exponential weighting (high) 0.019 0.001 0.038 0.019 0.001 0.038 0.018 0.000 0.037
Budget management

Multiplicative weighting -0.007 -0.026 0.011 -0.007 -0.026 0.012 -0.005 -0.024 0.014

Exponential weighting (low) -0.009 -0.031 0.014 -0.009 -0.031 0.014 -0.006 -0.028 0.016

Exponential weighting (high) -0.006 -0.025 0.012 -0.006 -0.024 0.012 -0.004 -0.022 0.014
Market framework

Multiplicative weighting 0.009 -0.006 0.023 0.009 -0.007 0.024 0.007 -0.008 0.022

Exponential weighting (low) 0.013 -0.006 0.032 0.013 -0.007 0.032 0.008 -0.010 0.027

Exponential weighting (high) 0.009 -0.006 0.024 0.009 -0.005 0.024 0.007 -0.007 0.022

Efficiency measured in the output orientation
Resource allocation

Multiplicative weighting -0.001 -0.007 0.005 -0.002 -0.007 0.005 0.016 -0.005 0.037

Exponential weighting (low) -0.004 -0.011 0.002 -0.004 -0.010 0.002 0.018 -0.003 0.041

Exponential weighting (high) -0.001 -0.006 0.005 -0.001 -0.006 0.005 0.019 -0.001 0.038
Budget management

Multiplicative weighting 0.002 -0.003 0.007 0.002 -0.003 0.007 -0.003 -0.022 0.016

Exponential weighting (low) 0.002 -0.004 0.008 0.002 -0.004 0.008 -0.003 -0.026 0.020

Exponential weighting (high) 0.002 -0.003 0.008 0.002 -0.002 0.008 -0.002 -0.021 0.017
Market framework

Multiplicative weighting 0.001 -0.003 0.005 0.001 -0.004 0.005 0.008 -0.008 0.022

Exponential weighting (low) 0.000 -0.005 0.005 0.000 -0.005 0.006 0.009 -0.011 0.029

Exponential weighting (high) 0.000 -0.004 0.005 0.000 -0.004 0.005 0.009 -0.006 0.025

Note: A stands for confidence intervals derived from pseudo distribution. Estimates are bolded if the confidence interval does not include zero.
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Table A9. Institutional indicators and country-level cost efficiency
Coefficient estimates from correlations between cost efficiency estimates and institutional indicators

Non-increasing returns to scale Variable returns to scale Constant returns to scale

Coefficient A Coefficient A Coefficient A

estimate | Lower (2.5) Upper (97.5)| estimate | Lower (2.5) Upper (97.5)| estimate | Lower (2.5) Upper (97.5)

Efficiency measured in the input orientation
Resource allocation

Multiplicative weighting 0.020 -0.002 0.044 0.020 -0.002 0.042 0.020 0.000 0.042

Exponential weighting (low) 0.024 0.002 0.049 0.024 0.002 0.047 0.022 0.001 0.044

Exponential weighting (high) 0.002 0.006 0.045 0.023 0.004 0.045 0.023 0.004 0.042
Budget management

Multiplicative weighting -0.014 -0.032 0.005 -0.014 -0.033 0.003 -0.016 -0.034 0.002

Exponential weighting (low) -0.018 -0.042 0.005 -0.018 -0.041 0.003 -0.020 -0.042 0.003

Exponential weighting (high) -0.013 -0.033 0.004 -0.013 -0.032 0.005 -0.017 -0.035 0.002
Market framework

Multiplicative weighting 0.009 -0.006 0.026 0.009 -0.006 0.025 0.008 -0.006 0.024

Exponential weighting (low) 0.013 -0.005 0.034 0.013 -0.007 0.035 0.010 -0.011 0.029

Exponential weighting (high) 0.010 -0.006 0.025 0.010 -0.005 0.026 0.009 -0.007 0.024

Efficiency measured in the output orientation
Resource allocation

Multiplicative weighting -0.001 -0.007 0.006 -0.001 -0.007 0.006 0.019 -0.001 0.040

Exponential weighting (low) -0.002 -0.009 0.004 -0.002 -0.010 0.005 0.020 -0.003 0.041

Exponential weighting (high) 0.000 -0.006 0.007 0.000 -0.006 0.007 0.022 0.003 0.041
Budget management

Multiplicative weighting 0.000 -0.006 0.006 0.000 -0.005 0.006 -0.014 -0.033 0.004

Exponential weighting (low) 0.000 -0.007 0.007 0.000 -0.007 0.007 -0.017 -0.039 0.005

Exponential weighting (high) 0.002 -0.004 0.007 0.002 -0.004 0.008 -0.016 -0.033 0.003
Market framework

Multiplicative weighting 0.000 -0.004 0.005 0.000 -0.004 0.005 0.010 -0.006 0.024

Exponential weighting (low) 0.000 -0.006 0.006 0.000 -0.006 0.006 0.011 -0.009 0.031

Exponential weighting (high) 0.000 -0.005 0.005 0.000 -0.005 0.005 0.010 -0.005 0.025

Note: A stands for confidence intervals derived from pseudo distribution. Estimates are bolded if the confidence interval does not include zero.
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Table A10. Correlations between combined institutional indicators and technical efficiency of the median school
Coefficient estimates from correlations between technical efficiency estimates and institutional indicators

Non-increasing returns to scale Variable returns to scale Constant returns to scale

Coefficient A Coefficient A Coefficient A
estimate Lower (2.5)  Upper (97.5) estimate Lower (2.5)  Upper (97.5) estimate Lower (2.5)  Upper (97.5)

Input orientation

Resource allocation 0.006 -0.019 0.032 0.005 -0.020 0.030 0.000 -0.023 0.024
Budget management -0.024 -0.038 -0.008 -0.024 -0.039 -0.008 -0.023 -0.037 -0.009
Market framework 0.009 -0.010 0.027 0.009 -0.010 0.028 0.010 -0.007 0.027
Relative teachers' renumeration -0.128 -0.206 -0.049 -0.130 -0.206 -0.049 -0.140 -0.216 -0.070
Resource allocation 0.003 -0.015 0.022 0.002 -0.017 0.022 0.000 -0.019 0.018
Budget management -0.029 -0.046 -0.010 -0.029 -0.047 -0.010 -0.029 -0.046 -0.011
Market framework 0.011 -0.005 0.027 0.011 -0.006 0.027 0.011 -0.005 0.026
Relative teachers' renumeration -0.146 -0.225 -0.069 -0.149 -0.226 -0.070 -0.016 -0.232 -0.084
Resource allocation 0.015 -0.006 0.037 0.015 -0.008 0.037 0.010 -0.012 0.030
Budget management -0.020 -0.034 -0.006 -0.020 -0.034 -0.005 -0.019 -0.033 -0.005
Market framework 0.000 -0.016 0.016 0.000 -0.016 0.017 0.001 -0.014 0.018
Relative teachers' renumeration -0.146 -0.217 -0.074 -0.149 -0.223 -0.076 -0.016 -0.231 -0.091
Output orientation
Resource allocation 0.000 -0.016 0.016 0.000 -0.016 0.018 -0.004 -0.279 0.021
Budget management -0.006 -0.016 0.004 -0.006 -0.016 0.004 -0.023 -0.039 -0.009
Market framework 0.008 -0.004 0.020 0.008 -0.004 0.021 0.013 -0.006 0.031
Relative teachers' renumeration -0.041 -0.092 0.009 -0.041 -0.093 0.013 -0.014 -0.211 -0.061
Resource allocation -0.001 -0.014 0.012 -0.001 -0.015 0.012 -0.004 -0.023 0.015
Budget management -0.008 -0.020 0.004 -0.008 -0.020 0.005 -0.029 -0.047 -0.011
Market framework 0.007 -0.003 0.018 0.008 -0.003 0.019 0.012 -0.004 0.028
Relative teachers' renumeration -0.052 -0.105 0.001 -0.052 -0.106 0.001 -0.154 -0.229 -0.075
Resource allocation 0.007 -0.008 0.021 0.007 -0.008 0.022 0.007 -0.016 0.029
Budget management -0.004 -0.013 0.006 -0.003 -0.013 0.006 -0.019 -0.034 -0.004
Market framework 0.004 -0.008 0.015 0.003 -0.007 0.014 0.003 -0.014 0.020
Relative teachers' renumeration -0.050 -0.100 0.000 -0.050 -0.098 -0.002 -0.016 -0.234 -0.087

Note: A stands for confidence intervals derived from pseudo distribution. Estimates are bolded if the confidence interval does not include zero.
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Table A11. School-level decision making autonomy and technical efficiency of the median school

Coefficient estimates from correlations between technical efficiency estimates and institutional indicators

Input orientation
All domains
Instruction
Personnel
Planning
Resources

Output orientation
All domains
Instruction
Personnel

Planning
Resources

Non-increasing returns to scale

Variable returns to scale

Constant returns to scale

Coefficient A Coefficient A Coefficient A
estimate | Lower (2.5) Upper (97.5) estimate Lower (2.5)  Upper (97.5) estimate Lower (2.5)  Upper (97.5)
-0.002 -0.003 0.000 -0.002 -0.003 0.000 -0.002 -0.003 0.000
-0.003 -0.005 -0.001 -0.003 -0.005 -0.001 -0.003 -0.005 -0.001
-0.001 -0.002 0.000 -0.001 -0.002 0.000 -0.001 -0.002 0.000
-0.001 -0.002 0.000 -0.001 -0.002 0.000 -0.001 -0.002 0.000
-0.001 -0.002 0.000 -0.001 -0.002 0.000 -0.001 -0.002 0.000
-0.001 -0.001 0.000 -0.001 -0.001 0.000 -0.002 -0.003 0.000
-0.002 -0.002 0.000 -0.002 -0.002 0.000 -0.003 -0.005 -0.001
-0.003 -0.001 0.000 0.000 -0.001 0.000 -0.001 -0.002 0.000
0.000 -0.001 0.000 0.000 -0.001 0.000 -0.001 -0.002 0.000
0.000 -0.001 0.001 0.000 -0.001 0.001 -0.001 -0.002 0.000

Note: A stands for confidence intervals derived from pseudo distribution. Estimates are bolded if the confidence interval does not include zero.
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Table A12. Determinants of technical efficiency at the school level:
with teaching qualifications replacing teaching certification

Coefficient Confidence intervals derived from pseudo distribution
estimate Lower (2.5) Upper (97.5)
A. Input orientation
Size (x100) -0.014 ** -0.015 -0.013
Government-dependent private -0.028 ** -0.047 -0.010
Independent private 0.065 ** 0.038 0.093
Teacher qualifications -0.075 ** -0.094 -0.053
Some streaming 0.009 -0.005 0.023
Complete streaming 0.015 ** 0.001 0.030
Assessment: medium -0.010 -0.023 0.003
Assessment: high -0.007 -0.025 0.011
Selectivity: considered -0.001 -0.014 0.011
Selectivity: priority -0.032 ** -0.049 -0.014
Selectivity: pre-requisite -0.048 ** -0.064 -0.031
B. Output orientation
Size (x100) -0.006 ** -0.007 -0.005
Government-dependent private -0.021 ** -0.036 -0.007
Independent private 0.006 -0.017 0.027
Teacher qualifications -0.061 ** -0.077 -0.043
Some streaming 0.011 -0.001 0.021
Complete streaming 0.015 ** 0.003 0.025
Assessment: medium -0.004 -0.014 0.006
Assessment: high 0.003 -0.011 0.016
Selectivity: considered -0.004 -0.014 0.005
Selectivity: priority -0.045 ** -0.059 -0.031
Selectivity: pre-requisite -0.074 * -0.086 -0.061

Note : a negative sign indicates lower levels of inefficiency.
** Indicates that the confidence interval does not encompass zero, giving an indication of the statistical significance of the estimate.
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Table A13. Determinants of technical efficiency at the school level:
the impact of teaching and physical resources

Coefficient Confidence intervals derived from pseudo distribution
estimate Lower (2.5) Upper (97.5)
A. Input orientation
Size (x100) -0.014 ** -0.015 -0.013
Government-dependent private -0.024 ** -0.043 -0.005
Independent private 0.071 ** 0.040 0.099
Teacher qualifications -0.075 ** -0.096 -0.054
Some streaming 0.010 -0.004 0.023
Complete streaming 0.017 ** 0.003 0.031
Assessment: medium -0.010 -0.023 0.003
Assessment: high -0.007 -0.021 0.010
Selectivity: considered -0.001 -0.014 0.011
Selectivity: priority -0.031 ** -0.050 -0.013
Selectivity: pre-requisite -0.047 ** -0.064 -0.032
Quality: teaching resources -0.004 -0.010 0.003
Quality: physical infrastructure 0.002 -0.004 0.008
B. Output orientation
Size (x100) -0.006 ** -0.007 -0.005
Government-dependent private -0.024 ** -0.039 -0.008
Independent private 0.002 -0.020 0.025
Teacher qualifications -0.062 ** -0.078 -0.045
Some streaming 0.011 0.000 0.022
Complete streaming 0.015 ** 0.004 0.026
Assessment: medium -0.004 -0.015 0.006
Assessment: high 0.003 -0.012 0.016
Selectivity: considered -0.004 -0.014 0.005
Selectivity: priority -0.045 ** -0.058 -0.031
Selectivity: pre-requisite -0.072 ** -0.085 -0.059
Quality: teaching resources -0.009 ** -0.014 -0.003
Quality: physical infrastructure 0.002 -0.003 0.007

Note : a negative sign indicates lower levels of inefficiency.
** Indicates that the confidence interval does not encompass zero, giving an indication of the statistical significance of the estimate.
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Table A14. Quality of resources and performance
Stochastic frontier analysis

Constant

Teacher-student ratio

Computer availability

Socio-economic background

Language background

Teacher-student ratio*teacher-student ratio
Computer availability*computer availability

Teacher-student ratio*computer availability

School size (x100)

Government-dependent private
Independent private

Teacher qualifications

Autonomy resources
Autonomy curriculum

Some streaming
Complete streaming

Assessment: medium
Assessment: high

Selectivity: considered
Selectivity: priority
Selectivity: pre-requisite

Quality of material resources
Quality of teaching resources

Lambda

Cluster-robust

Coefficient
Z score
5.147 49.07
0.035 1.13
-0.015 -0.70
0.463 14.95
0.109 5.78
-0.048 -2.90
-0.009 -1.94
0.020 2.00
0.002 2.43
0.018 1.96
-0.003 -0.17
0.008 0.79
-0.006 -2.49
0.007 1.51
-0.004 -0.68
-0.016 -2.19
-0.002 -0.47
-0.014 -2.29
0.001 0.21
0.022 2.91
0.045 5.18
0.002 0.95
0.007 3.27
2.38

Note : The table presents the estimated coefficients and associated cluster-
robust Z-scores for a translog production function assuming a half-normal
distribution. A positive coefficient signifies a postive relationship with

average performance in PISA tests.

43



ECO/WKP(2007)18

WORKING PAPERS

The full series of Economics Department Working Papers can be consulted at www.oecd.org/eco/Working_Papers/

557. Toward a more efficient taxation system in New Zealand
(June 2007) Annabelle Mourougane

556. Income inequality, poverty and social spending in Japan
(June 2007) Randall Jones

555.  Improving the efficiency of health care spending: selected evidence on hospital performance
(May 2007) Espen Erlandsen

554. Cross-country analysis of efficiency in OECD health care sectors: options for research
(May 2007) Unto Hékkinen and Isabelle Joumard

553.  What promotes fiscal consolidation: OECD country experience
(May 2007) Stéphanie Guichard, Mike Kennedy, Echkard Wurzel and Christophe André

552.  Globalisation and the macroeconomic policy environment
(April 2007) Karine Hervé, Isabell Koske, Nigel Pain, Franck Sédillot

551. Why has core inflation remained so muted in the face of the oil shock?
(April 2007) Paul van den Noord and Christophe André

550. Housing markets and adjustments in monetary union
(April 2007) Peter Hoeller and David Rae

549. Financial markets in Iceland
(March 2007) Peter Tulip

548. The political economy of delaying fiscal consolidation
(March 2007) Boris Courneéde

547. The impact on growth of higher efficiency of public spending on schools
(March 2007) Frédéric Gonand

546. Performance indicators for public spending efficiency in primary and secondary education
(February 2007) Douglas Sutherland, Robert Price, Isabelle Joumard and Chantal Nicq.

545.  Monetary policy and macroeconomic stability in Latin America. the cases of Brazil, Chile, Colombia and
Mexico

(February 2007) Luiz de Mello and Diego Moccero

544. The Brazilian “tax war”: the case of value-added tax competition among the states
(February 2007) Luiz de Mello

543. Public spending efficiency: institutional indicators in primary and secondary education
(January 2007) Frédéric Gonand, Isabelle Joumard and Robert Price

542. Enhancing turkey’s growth prospects by improving formal sector business conditions
(January 2007) Rauf Goneng, Willi Leibfritz, Gokhan Yilmaz

541. Fiscal relations across levels of government in Australia
(January 2007) Vassiliki Koutsogeorgopoulou

44



540.

539.

538.

537.

536.

535.

534.

533.

532.

531.

530.

529.

528.

527.

526.

525.

524.

523.

ECO/WKP(2007)18

Russian manufacturing and the threat of 'Dutch Disease': A comparision of competitiveness developments in
Russia and Ukrainian industry
(January 2007) Rudiger Ahrend, Donato de Rosa and William Tompson

Stimulating innovation in Russia.: The role of institutions and policies
(January 2007) Christian Gianella and William Tompson

Healthcare reform in Russia: problems and prospects
(January 2007) William Tompson

A golden rule for Russia? How a rule-based fiscal policy can allow a smooth adjustment to the new terms of
trade
(January 2007) Christian Gianella

From "clientelism" to a "client-centred orientation"? The challenge of public administration reform in Russia
(January 2007) William Tompson

Has the rise in debt made households more vulnerable?
(December 2006) Nathalie Girouard, Mike Kennedy and Christophe André

Social security reform in Brazil: Achievements and remaining challenges
(December 2006) Fabio Giambiagi and Luiz de Mello

Improving labour utilisation in Brazil
(December 2006) Luiz de Mello, Naércio Menezes Filho and Luiz G. Scorzafave

Boosting innovation performance in Brazil
(December 2006) Carlos H. de Brito Cruz and Luiz de Mello

Consolidating macroeconomic adjustment in Brazil
(December 2006) Luiz de Mello and Diego Moccero

Product market regulation in the non-manufacturing sectors of OECD countries: Measurement and highlights
(December 2006) Paul Conway and Giuseppe Nicoletti

The Turkish pension system: further reforms to help solve the informality problem
(November 2006) Anne-Marie Brook and Edward Whitehouse

Policies to improve Turkey’s resilience to financial market shocks
(November 2006) Anne-Marie Brook.

Upgrading Japan’s innovation system to sustain economic growth
(November 2006 Randall S. Jones and Tadashi Yokoyama

Strengthening the integration of Japan in the world economy to benefit more fully from globalisation
(November 2006) Randall S. Jones and Taesik Yoon

OECD'’s FDI regulatory restrictiveness index: Revision and extension to more economies
(November 2006) Sven Blondal and Alain de Serres

Globalisation and inflation in the OECD economies
(November 2006) Nigel Pain, Isabell Koske and Marte Sollie

Identifying determinants of Germany’s international price competitiveness — A structural VAR approach
(November 2006) Martin Meurers

45



ECO/WKP(2007)18

522.

521.

520.

519.

518.

517.

516.

515.

514.

513.

512.

S11.

510.

509.

508.

507.

506.

Short-term pain for long-term gain: the impact of structural reform on fiscal outcomes in EMU
(November 2006) Paul van den Noord and Boris Cournede

Interactions between monetary and fiscal policy: How monetary conditions affect fiscal consolidation
(November 2006) Rudiger Ahrend, Pietro Catte and Robert Price

Restoring fiscal sustainability in the Euro Area: raise taxes or curb spending?
(October 2006) Boris Cournéde and Frédéric Gonand

Should Measures of Fiscal Stance be Adjusted for Terms of Trade Effects
(October 2006) David Turner

Monetary policy and inflation expectations in Latin America: Long-run effects and volatility spillovers
(October 2006) Luiz de Mello and Diego Moccero

Social safety nets and structural adjustment
(September 2006) Paul van den Noord, Nathalie Girouard and Christophe André

Adapting the Icelandic education system to a changing environment
(September 2006) Hannes Suppanz

Forecasting monthly GDP for Canada
(September 2006) Annabelle Mourougane

Finland’s housing market: reducing risks and improving policies
(September 2006) Laura Vartia

The Danish housing market: Less subsidy and more flexibility
(September 2006) Espen Erlandsen, Jens Lundsgaard and Felix Huefner

Labour market reform in Germany: How to improve effectiveness
(September 2006) Eckhard Wurzel

Removing obstacles to employment for women in Ireland
(September 2006) Boris Cournéde

Assessing Russia's non-fuel trade elasticities: Does the Russian economy react "normally" to exchange rate
movements?

(September 2006) Christian Gianella and Corinne Chanteloup

Regulation, competition and productivity convergence
(September 2006) Paul Conway, Donato De Rosa, Giuseppe Nicoletti and Faye Steiner

Improving education achievement and attainment in Luxembourg to compete in the labour market
(September 2006) David Carey and Ekkehard Ernst

Raising economic performance by fostering product market competition in Germany
(August 2006) Andrés Fuentes, Eckhard Wurzel and Andreas Reindl

Regulation of financial systems and economic growth
(August 2006) Alain de Serres, Shuji Kobayakawa, Torsten Slek and Laura Vartia

46



