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Introduction and motivation
Educational outcomes are shaped by a wide range of factors, including innate

students’ characteristics, family and school background and other environmental factors.

But a key-question for policy-makers is what schools and school policies can do to raise
overall student performance.

Several studies have indeed shown the positive effect of an increase in cognitive skills
and competencies on both social and individual economic welfare. From a macroeconomic

viewpoint, international differences in student achievement tests have been shown to
increase long-run economic growth (cf. Hanushek and Kimko 2000; Woessmann 2002;

Hanushek and Woessmann 2007, 2008). From a microeconomic viewpoint, investment in
human capital increases labour productivity. There is abundant evidence that, at the

individual level, higher cognitive skills measured in tests like PISA lead to higher earnings
(e.g. Mulligan 1999; Murnane, Willett, Duhaldeborde and Tyler 2000; Lazear 2003), as well as

to lower probability of being unemployed across developed countries (e.g. Bishop 1992;
OECD 2000; McIntosh and Vignoles 2001). Moreover, several studies have found a causal

effect of skill differences at younger ages on earnings inequality at later ages
(e.g. Nickell 2004, Juhn, Murphy and Pierce 1993). Finally, research has shown that higher

education leads to gains in health (Kenkel, Lillard and Mathios, 2006), subjective well-
being, stronger participation in the civil society (Dee 2004; Milligan, Moretti and

Oreopoulos 2004) and to lower criminality rates (Lochner and Moretti 2004).

A vast literature exists on determinants of learning outcomes (see e.g. Fuchs and

Woessmann, 2007; cf. Woessmann et al. 2009 for a review). Family background generally
has a strong, positive effect on student performance in all countries. In fact, in

international student achievement tests such as PISA, TIMSS or PIRLS, students’ family
background is commonly found to be one of the most important factors influencing

student outcomes (e.g. OECD 2007a). Features of the school system, institutional
characteristics like accountability and autonomy or resource endowments are generally

found to be less important. Given that students’ family background is less easily policy
amenable (at least in the short run), our study concentrates on the net association of

institutional features and resources with student performance (i.e. we control, in all
specifications, for several variables reflecting students’ family background).

Our analysis focuses on the quality of school systems, i.e. on the association of
educational policies with average learning outcomes. This policy objective is sometimes

also referred to as “effectiveness” of educational policies. A different policy objective that
national governments often pursue is that of equity or equality of opportunities. In cross-

sectional international student achievement tests like PISA, TIMSS or PIRLS, equality of
opportunities is commonly measured as the degree to which students’ family backgrounds

are related to learning outcomes in a school system. An interesting question in this context
is whether quality and equity are indeed conflicting policy objectives. Figure 1 shows that

some OECD countries, namely Finland, Canada, Japan and Korea, manage to achieve both
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a high degree of equity and good average quality within the school system, suggesting that

quality and equity need not be considered as competing policy objectives. OECD (2007a)
also finds that there is no obvious trade-off between quality and equity of achievements. A

similar conclusion is reached by Woessmann et al. (2009), who, based on an analysis of
PISA 2003 data, conclude that “there is very little evidence that those aspects of

accountability, autonomy and choice that are associated with higher levels of student
achievement across countries have adverse consequences for the equity of student

achievement”. These findings are both obtained for OECD countries and on a larger sample
including non-member countries.

Though quality and equity seem not be conflicting policy objectives, various
combinations of quality-equity outcomes would likely call for a different mix of policies.

For instance, a country with a poor average performance but a relative high level of equity
might want to prioritise policy efforts towards the improvement of the former. In our

analysis we are concerned with average learning outcomes, and thus our policy
conclusions are especially relevant for countries which need to raise the average quality of

their results across the distribution of schools and students.

Figure 1, which contrasts the average performance in science (as shown on the vertical

axis) with the strength of the relationship between socio-economic background and
science performance (a proxy of distribution of learning opportunities), shows that three

OECD countries are in the situation of having poor average results but a relatively weak
influence of the socio-economic background: Iceland, Italy1 and Norway. Sweden is in a

somewhat similar situation, having an average performance level around the OECD mean,
and below average impact of students’ socio-economic background. Denmark and Spain

Figure 1. Average performance in science and the impact
of socio-economic background

Average performance of countries on the PISA science scale and the relationship between performance and 
the index of economic, social and cultural status

Note: OECD mean used in this figure is the arithmetic average of all OECD countries.

Source: OECD PISA 2006 database, Table 4.4a.
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are not significantly different from the OECD mean in terms of neither equity nor quality.
Our analysis is thus therefore particularly interesting for these six countries that do not

face an equity problem but have below average or average science performance.

This work follows very closely the PISA 2006 Initial report (OECD, 2007a and b), which

has examined various aspects of school systems and their importance on students’
performance. The main results of this report are that ability grouping is associated with

lower science performance, while high academic selectivity of schools is associated with
higher science performance. Public posting of achievement data is also associated with

higher science performance, and so is learning time in mathematics and science.

The main innovation of this paper is the test of the importance of the composition of

spending for learning outcomes. Many papers have looked at the role played by various
types of resources by concentrating on national data (Hanushek, 2006 for a review); some

papers have extended this analysis to international dataset as TIMMS and previous PISA
cycles (Woessmann, 2005 and Woessmann et al., 2007). But there is no recent international

evidence shedding some light on the role of teachers’ wages when a number of other
determinants of students learning are controlled for.

Our analysis follows closely some previous OECD work (OECD, 2007a and b). It however
differs in several respects: first, it only considers OECD countries, (as opposed to the

55 country sample tested in the PISA 2006 Initial Report [OECD 2007a; b]), under the
assumption that learning drivers are relatively homogenous for countries which are at a

similar stage of economic development; this assumption is partly supported by the
literature, which shows that resources may matter only at an early stage of development

(Hanushek, 2007). Second, the analysis does not include three groups of educational
policies tested in OECD 2007a and b, i.e. admission, grouping and selection; school

management and funding; parental pressure and choice. This choice is motivated by the
fact that many of these policies are in fact correlated at school and country level and it is

thus not possible to test them all in the same specification. OECD 2007a and b shows that
the policies omitted in our analysis can be excluded from a model that tests accountability

and resources, without loss of generality. In addition, some of these policies, especially
selection and grouping particularly matter for the distribution of outcomes but not for the

average outcome, which is the main focus of this paper.

While this paper follows a relatively standard empirical approach for analysing

learning outcomes, this approach has some limitations that have to be borne in mind when

interpreting the results. In particular, given the cross-sectional nature of data, the
estimation results cannot be read in terms of causality, but only in terms of correlation. In

terms of policy conclusions, this notably means that educational policies which are found
to be associated to higher learning outcomes may in fact not be sufficient to improve the

quality of education system. The results nevertheless illustrate some international best-
practices that are relevant for policy makers when (re)designing education systems with

the view of increasing their effectiveness.

This paper is organised as follows. The next section shortly reviews research on the

impact of educational policies on learning outcomes, followed by a section presenting the
empirical method and the dataset used. The penultimate section discusses the main

results and the final section concludes.
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Previous research
Most of the research to date suggests that, in industrialised countries with an already

high level of spending in education, resources do not substantially improve student

achievement. Putting in place the right institutions in school systems can however
substantially improve student performance. This section reviews the theoretical

background for why institutions should matter and then describes the main findings of
previous studies on the role of school accountability and school autonomy.

Principal agent theory
From the point of view of education economics, the provision of schooling can be

understood as a network of principal-agent relationships in which a principal (e.g. the

parent) commissions an agent (e.g. the school’s head) to perform a service (the education of
the child) on her behalf (see e.g. Bishop and Woessmann 2004; Woessmann et al. 2009).

According to principal-agent theory, asymmetric information and divergent interests are
the fundamental sources of failures in optimal principal-agent relationships. That is, if the

agent’s interests diverge from those of the principal, and if the information on the agent’s
real performance is asymmetric (available only to the agent), then the agent may pursue

her own interests instead of those of the principal; the principal will remain unaware of
this behaviour, being unable to sanction it. Such principal-agent problems are pervasive in

school systems, since there is usually little institutional control of schools’ functioning.

Accountability: public posting of achievement data
Our empirical analysis focuses on two specific measures of accountability, namely

public posting of achievement data and external exit exams. Because of the problem of

asymmetric information about schools’ and teachers’ effort, setting clear performance
standards and providing performance information can give the incentives to raise student

achievement (cf., e.g. Costrell 1994; Betts 1998). Public posting of achievement data tackles
the problem of asymmetric information because the outcome of school production

becomes transparent and is, ideally, comparable across schools, so that parents can
monitor school’s success in transmitting knowledge and competencies. Thus, public

posting of achievement data increases the schools’ incentives to raise students’ cognitive
skills. The specific design through which achievement data are collected and disseminated

matters however. For instance, value-added measures are superior to “gross” results
because they allow to separate school’s contribution from students’ innate abilities and

other environmental factors.

Accountability: external exams
External exams are another accountability device. External exams help resolve the

problem of incomplete monitoring of schools’ effort by supplying information about the
performance of individual students relative to the national (or regional) student

population. This information is unavailable in the absence of external exams, when grades
assigned by classroom teachers provide the only information on student performance,

because these can obviously vary with teacher’s standards. By signalling the achievement
of students relative to an external standard, the information provided by external-exam

systems makes students’ performance comparable to the performance of students in other
classes and schools. As students receive marks relative to the national average, their

educational achievement is made observable and transparent, facilitating the monitoring
of the performance of students, teachers and schools.
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A number of studies analysing the effects of external exit exams at the end of
secondary school show that students perform substantially and statistically significantly

better in countries that have external exit-exam systems than in countries without
external exit-exam systems (e.g. Bishop 1997, Bishop 1999; Woessmann 2001, 2003a,

Woessmann 2003b, Bishop 2006; Fuchs and Woessmann 2007). Likewise, positive effects of
external exit exams have been found in countries where some regions have those exams in

place and others do not, for example for Canadian provinces (Bishop 1997, 1999), US states
(e.g. Bishop, Moriarty and Mane 2000) and German states (Juerges, Schneider and

Buechel 2005; Woessmann 2007c).

Accountability policies must be implemented carefully

There is also evidence that school-focused accountability systems can lead to strategic
responses from teachers and schools, for example by increasing placements of low-

performing students in special-education programs which are outside the accountability
system or by pre-emptively retaining students (Jacob 2005). Yet, recent experimental

evidence from the US suggests that providing lower-income families with direct information
on school test scores as well as the choice between good schools can in fact lead to better

student achievement for disadvantaged students (Hastings and Weinstein 2008). High-
stakes testing may also introduce incentives for cheating (Jacob and Levitt 2003).

Critics of accountability systems argue that the latter measures do not always take
differences in resources between schools into account (Ladd and Walsh 2002) or that

problems of measurement error undermine their objective of raising student achievement
(Kane and Staiger, 2002). It is crucial to develop good value-added indicators as to counter

this criticism at least to some extent,2 and the specific implementation of accountability
systems seems crucial.

School autonomy

Economic models of school governance often suggest that greater autonomy can lead to
increased efficiency of public schools (e.g. Hoxby 1999; Nechyba 2003). School autonomy in

process and personnel decisions has been found to be associated with significantly better
student achievement (Woessmann 2001, 2003a; Fuchs and Woessmann 2007). These

decisions include such areas as the purchase of supplies and budget allocations within
schools, hiring and rewarding teachers (for a given budget) and choosing textbooks and

instructional methods. The positive effects of these various forms of school autonomy are

also found in international tests in primary school (Fuchs and Woessmann 2005). The
existing cross-country evidence also reveals that there are important interaction effects

between school autonomy and the accountability introduced by external exams
(cf. Woessmann 2007b for a survey). The results show that school autonomy is more

beneficial in systems with external exit exams (Woessmann 2005; Fuchs and
Woessmann 2007). In several additional school decision-making areas there is evidence that

school autonomy is better for student achievement when external exit exams are in place
(Woessmann 2005). Woessmann (2003a; 2005) emphasises the role of different aspects of

school autonomy for student achievement. Recent evidence suggests that a combination of
school autonomy and accountability by means of central exams is beneficial for student

performance (e.g. Fuchs and Woessmann 2007; Woessmann et al. 2009).



THE ROLE OF TEACHER COMPENSATION AND SELECTED ACCOUNTABILITY POLICIES FOR LEARNING OUTCOMES...

OECD JOURNAL: ECONOMIC STUDIES – ISSN 1995-2848 – © OECD 2009 7

Educational resources: level and composition

A lot of research has been devoted to the analysis of the impact of the level of

education spending on schools’ performance and students’ results, generally finding that
resources do not have substantial effects on student achievement (cf. Gundlach,

Woessmann, and Gmelin, 2001; Hanushek, 2003); most of the studies on class size do not
find a substantial effect on student outcomes (e.g. Hanushek, 1994; Hoxby 2000;

Woessmann, 2002, 2007a; Woessmann and West, 2006).

Less attention has been paid to the composition of spending. Teachers’ quality is

thought to be the most important determinant of students’ results. The quality of teaching
depends on the interaction of three groups of factors (OECD 2006): teachers’ competencies,

teaching and learning practice and school environment. It is not however easy to assess the
importance of each of these factors, not least because most of them are imperfectly

measured. Quality of teachers for instance may depend on some observables (initial
qualification, experience, training, etc.) but also on latent dimensions (communication

skills, motivation and commitment, etc). Overall quality of teachers is very hard to measure

and it remains, to a large extent, unclear what are its main determinants (e.g. Rivkin
et al., 2005).

Eide et al. (2004) have deplored the declining academic proficiency of US teachers over
the last decade, and have related this phenomenon to the compensation structures in the

US labour market for teachers. Following this explanation, we argue that country average
teacher wages in lower secondary education serve as an – admittedly imperfect – proxy of

teacher quality in a country.

In our analysis we thus look at the association between the student-teacher ratio and

student performance, as well as at the association between an aggregate measure of
teacher wages in lower secondary education and student performance, when controlling

for the aggregate level of spending.

The PISA dataset does not allow us to directly assess the role of teacher quality for

student achievement, essentially for two reasons: PISA does not contain any information
on teachers’ profile (e.g. qualifications, teaching methods and so on), and students are not

paired with their respective teachers in the dataset. Even if we had this information, valid
conclusions with regard to teacher quality would be hampered by the cross-sectional

nature of the data set which makes value added estimations impossible.

Empirical strategy and data
Following a relatively standard approach in the literature (e.g. Hanushek, 1994;

Woessmann, 2003a, b; Woessmann et al. 2009), we analyze students’ performance in

international assessment surveys such PISA by estimating an educational production
function. In this approach, educational outcomes are measured by test results, and inputs

include a wide range of potential determinants of students’ achievements, comprising
policy and non-policy variables. This work follows closely the empirical exercise carried

out in the PISA 2006 report, making use of the same statistical analysis (multi-level data
estimation) and, to a large extent, of same explanatory variables. Differently from

PISA 2006, estimations are carried out on a sample of OECD countries only.

PISA measures 15 year olds’ achievements in three domains (namely science,

mathematics and reading), and at the same time collects many pieces of information on
socio-economic characteristics of students and their learning environment. Given that the
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focus of the PISA 2006 cycle is on measuring science literacy, with two thirds of the testing
time devoted to science, we choose science performance as the outcome variable when

estimating educational production functions. One of the characteristics of the PISA dataset
is that data are sampled at two levels: students and schools. The structure of the dataset

requires an appropriate statistical tool for empirical analysis (as discussed in OECD 2009,
for example). As a result of the sampling strategy used,3 the residuals are generally not

independent,4 violating a conventional assumption of Ordinary Least Squares estimators.
Concretely, this means that achievement of students within a school is likely to be more

similar than would be the case in a simple random sample because students in the same
school share peer characteristics, teaching and learning conditions and common

neighbourhood. As a result, the calculated standard errors of coefficient estimates are
biased downwards (though the coefficients estimates themselves are consistent).

As in PISA 2006, student performance is analyzed as the result of sets of variables at
three levels: students, schools and countries. The specification of multi-level modelling

retained in this exercise is the “random intercept model”. This means that, at all levels,
slopes of coefficients are fixed (i.e. homogeneous across individuals, schools and countries)

and only the intercept is randomised (which allows predicting the PISA scores for an
individual i in the school j in the country k, as a function of deviations of school j and

country k from the respective country and international average effects). The annex
provides technical details about the statistical models used here.

The sample contains data from 246 562 students and 8 911 schools in 29 OECD
countries. All OECD countries (except France) were used for the multi-level analysis. France

was excluded because there, no data were collected on school-level variables from school
principals.

Data on teacher per student ratio, teachers’ wages and compensation per teachers are
based on our calculations on the OECD Education dataset. Table 1 contains descriptive

statistics for all explanatory variables used in our estimation while Table 2 decomposes
variance into between countries and between schools variance, for variables measured at

school level.

Results
An unconditional (i.e. no predictors at the student, school and country levels)

Hierarchical Linear Model (HLM) analysis decomposed the total variance in our outcome
variable science performance into variability among students within schools (60.4%),

variability between schools within countries (31.0%) and variability between countries (8.6%).

Simple model without policy variables

The results of the background model (which excludes policy variables) are presented

in the first column of Table 3. In line with previous literature, there is a strong effect of
socio-economic background on science achievements, both at individual and at school

level. The former result may be driven by a number of different (possibly concomitant)
factors: socio-economically advantaged parents may be better able to promote their

children’s education, e.g. in early childhood or later on, providing better support with
homework and encouraging learning effort. Moreover, higher income may help meet

students’ needs, for example by making possible private tutoring. It is also likely that
parents’ socio-economic status reflects their (unobserved) ability, which is genetically
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transmitted to their offspring (see OECD 2007a for a discussion). At school level, the

importance of socio-economic background concerns peer effects and social segregation in
schools, for example. These effects are also well-established in the literature, and may vary

considerably from one country to another (as documented in PISA 2006). Immigration
background of students has bearing on students’ achievements at individual level only:

native students score on average 18 points higher than non-native students, students
speaking the same language at home and school also do significantly better than those

who do not. Schools in rural areas do better than schools in small cities, which do better
than schools in large cities (this latter effect is however not statistically significant).

Students attending bigger schools also display a better performance than students
attending smaller schools. Finally, regressions find that girls have a lower performance in

science than boys and that the performance is positively (negatively) related to the degree
of student’s grade anticipation (delay) in the educational system.

Educational resources

The association of educational resources with student performance is tested here in

several ways. Following a standard approach in the literature, educational resources have
been first expressed as levels of spending (at lower-secondary level, or as the cumulative

spending for a 15 year old from primary to lower-secondary level) in final consumption
PPPs, or as a share of GDPs per capita. Consistently with previous studies, none of these

measures reveal a relationship between average students’ achievements and aggregate
financial resources spent on in education (regressions are not shown).

In order to test for the effects of the composition of spending, educational expenditure
per student has been decomposed into two terms: teachers’ wages and the ratio of

teachers per student. The former can be measured in various ways, and Table 3 presents
the results of regressions with various proxies.

In a first regression, teachers’ wages (excluding employers’ social security
contributions) are associated with higher PISA performance (column 2). This effect is not

large in absolute terms (the elasticity is around 0.1), but it is of comparable size to that of
other PISA determinants in the regressions. When teachers’ wages are normalised by GDP

per capita, or/and when they are measured through compensation per teacher
(i.e. including employers’ social security contributions) they do not show any significant

Table 2. Decomposition of variance between countries and schools
of the main institutional variables tested in the analysis

School level explanatory variable % variance between countries
% variance between schools

(and within countries)

School posting achievement data publicly 22.6 77.4

Autonomy in firing 45.1 54.9

Autonomy in determining starting salaries 32.5 67.5

Autonomy in determining salary increases 34.4 65.6

Index of autonomy in budgeting 20.9 79.1

Index of autonomy in course contents 49.5 50.5

Composite index of autonomy 44.1 55.9

Note: Table 2 shows the variance decomposition for all institutional variables measured at school level. For example,
22.6% of the total variance in the accountability variable “school posting achievement data publicly” corresponds to
variation between countries.
Source: Our calculations on PISA 2006 dataset.
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association with students’ achievements (columns 3-4). The teacher per student ratio is
not significantly related to student performance in all three specifications.

The compositional effects of spending have also been tested by controlling for a given
level of spending (with the idea of measuring the potential trade-off between number of

teachers and their wages under a given budget constraint). Results presented above are
robust to the inclusion of this additional control.

Finally, learning time in science is found to increase students’ achievements by
10 points for each additional hour per week. Homework, however, does not have a

significant influence, unlike in the PISA 2006 analysis.

Selected aspects of accountability

Various measures of accountability are available in the PISA dataset. We present and
discuss here two measures which are found to be highly relevant for countries that need to

increase their performance. One is benchmarking, as measured by the public posting of
students’ achievements at school level. As shown in column 5 of Table 3, publishing

performance information at school level is associated with higher performance in the PISA
sample: students attending schools which make use of benchmarking perform 4 points

higher on the PISA score. A caveat is that this is a national-level variable, which may
capture country-fixed effects correlated with external exams. For instance the “culture of

evaluation” or the “value attributed to education” might be picked up by this variable in
some countries (e.g. Korea or Japan).

The effect of publishing results at school level is relatively small compared with the
importance of external standardised national exams in sciences at the end of lower-

secondary level. In countries where such national external exams do exist, students
display a higher PISA performance (22 points). These two accountability variables are of a

different nature: the benchmarking variable is based on self-reporting by schools in the
PISA sample; the national exam variable is defined at the country level.

Other accountability measures have been tested in a similar specification, without
finding any significant relationship with students’ results. This could reflect however some

measurement errors in the variables, to the extent that they are measured through
principal’s subjective assessment. Information on the existence of central exams and

publication of results is likely to be collected more objectively.

Autonomy

Previous research from the field has shown that managerial autonomy might have an
ambiguous influence on students’ achievements (see, for instance, Bishop and

Woessmann, 2004; Woessmann et al., 2009). It has been found that some aspects of
autonomy that are positively related to student achievement (for instance autonomy of

staffing) while others show a negative association with student performance
(e.g. autonomy of budgeting). Moreover, research shows that autonomy has to go hand in

hand with accountability for its effects on students’ achievements to fully show up. In this
chapter autonomy has been measured in different ways, by looking at specific dimensions

and sub-dimensions of managerial freedom and also by testing a composite index, which
encompasses various dimensions. Columns 6 to 8 of Table 3 show that there is no evidence

that autonomous governance per se improves students’ achievements. This is in line with
PISA 2006 which finds no impact of autonomy at school level. The PISA report shows,
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however, that autonomy in setting educational content of learning and in budgeting is
good at country-level, meaning that in countries with a large number of schools reporting

autonomy as regards curriculum and budget, students’ performance is higher, for given
overall resource use.5 We don’t find similar evidence.

Autonomy and selected aspects of accountability
As highlighted above, autonomy may deliver good outcomes if accountability devices

are also in place. This idea finds support in previous research (Woessmann et al., 2009). The
effect of combining autonomy and accountability on students’ achievements is also tested

in this analysis. Column 9 shows that there is a positive interaction effect between the two
which is not, however, statistically significant. Various other specifications with different

measures of autonomy and selected aspects of accountability have been tested: in none of
them did the positive interaction between accountability and autonomy turn out to be

statistically conclusive.

A combined model
Following Raudenbush and Bryk (2002) and Snijders and Bosker (1999), a build-up

strategy was pursued to combine the different policy variables discussed above. This
results in a combined model shown in the last two columns of Table 3. In line with

specifications mentioned above, students’ achievements are found to be positively related
to selected aspects of accountability (national and school level). The aggregate teacher per

student ratio is found to have no influence on educational output, while teachers’ wages
(relative to GDP per capita or in absolute terms) are associated with higher PISA scores.

Our combined model explains 32% of the between school variance, which corresponds
to an increment of 12% variance explained compared with our background model

(column 1).

Caveats on the causal interpretation of results
While offering many interesting insights on the relationship between educational

outcomes and individual and school characteristics, this approach has some limitations

that have to be borne in mind when interpreting results. First, estimates rely on a number
of parametric assumptions for which there are few priors; hierarchical linear models are

however quite robust to parametric assumptions. Second, the PISA dataset has some
limitations. Notably:

● Given the cross-sectional nature of the data, policy variable effects cannot necessarily be
interpreted in terms of causality. PISA is a single cross-section of observations, it is thus

not possible to control for individual ability and previous student achievement, that is,
to estimate value-added or panel data models. The latter, however, would be more

appropriate if explanatory variables changed over time or if they were not exogenous to
school or student performance. The coefficients shown in Table 3 are unbiased only to

the extent that the institutional and resource variables of interest are uncorrelated with
other unobserved characteristics that in turn have an impact on student performance

(the grade variable, used in this way in most research, may not meet this requirement).
Finally, we try to reduce the risk of omitted variables bias by including a large set of

regression controls at the country, school and student level. However, to the extent that
a country’s institutions and resource endowments are related to unobserved,

e.g. cultural, factors which in turn may be related to student performance, we cannot
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interpret the association between institutional and resource factors and student
performance as causal effects. Thus, caution should prevail when drawing policy

conclusions from the presented results. It should be noticed, however, that many of our
findings are in line with literature using other empirical identification strategies such as

natural experiments (see previous section).

● 15 year olds’ performance is certainly the result of a cumulative learning process which

starts much earlier in life; however, the impact of the learning environment from earlier
ages is not taken into account.

● While weights are used to control for potential sampling variance bias, the PISA survey
covers only a limited number of schools in each country (300 schools on average).

● Since the majority of explanatory variables rely on survey data, there are potential
measurement errors.

● Interpretation of country-level variables must be done with caution because of potential
omitted variables (e.g. the culture of learning, the attitude to the efforts, etc.) at country level.

● The meaning of policy variables when measured by self-reporting at school level may be
different from when it is based on “objective” national policy settings.

● Assumptions made on educational resources variable deserve a specific comment.
Differently from other institutional variables, the impact of resources variables is tested

only at country level. The disadvantage of this is that only the aggregate effect is
captured in the estimation, and one cannot strictly infer the effect of having richer or

poorer schools. An advantage is instead that, measuring educational resources at
national level makes it possible to avoid endogeneity problems (Woessmann 2003).

Discussion and conclusion
In line with previous literature, we see no evidence that the level of resources matters

for learning outcomes. However, the composition of spending may make some difference.

In particular, high number of teachers per student is not systematically associated to
higher outcomes, while higher teachers’ wages are. This suggests that the trade-off

between the number of teachers and the wages bill should be reconsidered with the view
of increasing the efficiency of educational spending. This conclusion comes with the

caveat that the impact of teachers’ wages is not statistically very robust and thus further
evidence might be needed to corroborate this finding.

Consistently with PISA 2006, we find that selected accountability policies at school and
national level, respectively consisting of publicly posting students’ achievements and having

central exams in sciences, are associated with higher students’ scores. Autonomy was not
found to have an association with students’ results, not even when it goes hand in hand with

the accountability policies tested here. This result should be however put in perspective with
PISA 2006, which finds that autonomy at country level (still based on schools self-reporting,

however) has a positive impact on students’ performance. In a robustness exercise (results
not shown but available upon request), similar findings were obtained when using the maths

score as the dependent variable, instead of the science score.

Important policy conclusions emerge from the analysis of the role of institutional

features of education system for learning outcomes. Increasing the accountability of
education system is critical to improve the performance of teachers, principals and

education authorities across the board. Making schools accountable is impossible without
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adequate information, as information is needed to provide feedback to both students and
teachers on how well students are learning. Accountability is also essential to set the right

incentives for schools to pursue the goals set by the education system. Feedback can be
provided under various forms (see, for instance, OECD 2008a); this paper suggests that

publishing school results is an effective tool, so are central examinations. This analysis
comes with the caveat that the role of educational policies should not be interpreted in

causality terms: this means that higher teachers’ wages, publication of results and
existence of centralised exams standardised at national level are all necessary to higher

achievement of the education system. They are not however sufficient conditions and
additional policy efforts in other areas may be needed. Accountability policies should be

designed and implemented as to take into account the country-specific context. This is for
instance crucial to overcome political resistance to some of these reforms (OECD 2008b).

The focus of this study is on analysing quality and effectiveness of school systems.
Thus, in this paper, possible determinants of average outcomes are investigated, but we do

not look at the relationship between these determinants and equality of opportunities
within school systems. Previous research has however found little evidence of a trade-off

between average quality and equity. Yet, policymakers should be aware that high-stakes
accountability policies have been subject to the criticism of ignoring equity issues, in design

and implementation (e.g. Diamond and Spillane 2004). If school accountability policies are
based on student performance levels rather than the value added by schools, they may give

undue advantages to schools serving students from high socioeconomic backgrounds.
Furthermore, teachers may respond strategically to accountability measures by retaining

disadvantaged students or excluding them from the test-taking population. Depending on
their design, they may also induce teachers to concentrate primarily on achieving high

average performance, and neglect the performance of weaker students, whose performance
may be more difficult to improve. Also value-added accountability measures are not immune

from critique. It has been noticed that differences in resources between schools are not
always taken into account, or that problems of measurement error undermine their objective

of raising student achievement. Yet, recent experimental evidence from the US suggests that
providing lower-income families with information on school test scores in a public school

choice plan can in fact increase performance of disadvantaged students. Based on these
findings, it can be concluded that, if properly designed, accountability policies may safely

improve average performance without impairing equity within school systems.

Notes

1. The impact of family’s background is small in Italy when measured at individual student’s level
(i.e. within a given school). It is however sizeable when assessed at school’s level (between schools
variance).

2. The PISA questionnaire does not include a good question to measure the impact of reward
measures for teachers and principals on students’ achievements. For this reason, the current
exercise does not provide a direct test of these measures, while other measures of accountability
are considered.

3. This is a two-stage stratified sample design, with the first stage consisting of schools with 15 years
old students, and the second stage consisting of students within the sampled schools.

4. The intra-class correlation is a measure that can be used to assess whether the assumption of
independence of errors holds. On PISA dataset this assumption is rejected.

5. This model could not be estimated due to multicollinearity problems induced by a smaller sample
than in PISA 2006.
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ANNEX A1 

Statistical model

We estimate a three-level-random-intercept model, with predictors at student (a),

school (X), and country level (W). See Table 1 for a list of all predictor variables as well as
descriptive statistics.

Level-1 model: students

Level-2 model: schools

Level-3 model: countries

This three-level hierarchical linear model was estimated using the commercial

software HLM 6.08 (developed by Raudenbush, Bryk and Congdon). The model coefficients
and statistics were estimated using a full maximum likelihood procedure.

Fixed/random effects and centring
In the models for examining the association of selected system and school-level

variables on science performance, all slopes were fixed and only the intercept was
randomised at all three levels. All variables including both background and explanatory

variables were centred on the grand mean. Thus, in all models, the intercept is to be
interpreted as the achievement score in science for a student who has the international

mean in all variables included in the model.

Significance Tests
Throughout the multilevel analysis, an effect was considered statistically significant if

the p-value was below 0.1 at country level and below 0.005 at school level. Different

criterion values were chosen for the two levels to balance between significance and
statistical power.
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Student weights
For the multilevel analysis, weights were computed based on the student final weights in

the PISA 2006 dataset. The student final weights contained in the PISA dataset (W_FSTUWT)

were normalised at the international level including 29 participating countries to:

i) make the sum of the weights across the 29 countries equal to the number of students

across the 29 countries in the dataset;

ii) maintain the same proportion of weights as in the student final weights (W_FSTUWT)

within each country; and

iii) ensure that each individual country’s contribution to the analysis is equal by

introducing a country factor (i.e. the sum of the weights within each country is the
same for all 29 countries).

Treatment of missing data
The proportion of missing values for the variables considered in the analysis is

presented in Table 1, column 8. Even though the missing rate was less than 5% for most of

the variables, list-wise deletion of all observations that have a missing value for at least
one variable would have reduced the sample size by 28.21%, since more than 30 variables

were included in the models. Therefore, missing values were imputed in order to include
the maximum number of cases in the analysis.

Since the missing rates were not high for most of the variables, a simple imputation
approach was used to circumvent the problem of missing data: predictors at the individual

and school level were imputed using a dummy variable adjustment (Cohen and Cohen,
1985). Missing values for system-level variables were replaced by imputed values.

It is known that this imputation method generally produces biased estimates of
coefficients (Jones, 1996), and that standard errors are underestimated since they do not

account for the uncertainty introduced through imputation. However, given the fact that
for only 1 out of 33 variables, more than 5% of the data were missing (Table 1, column 8),

this bias was considered negligible.

A missing dummy variable was created for all variables with missing values regardless

of whether a variable was continuous, categorical or dichotomous, which was set to 1 if the
data were missing on that variable and it was set to 0 if the data were not missing.

Then, for continuous variables, missing values were replaced by the weighted school
average of the variable. If all data on the respective variable were missing in one school

such that the weighted school mean could not be computed, the weighted country mean
was imputed. If all data on the respective variable were missing in a country, the weighted

international mean was imputed. When a missing value was replaced by the country or
school mean, the weights were proportional to the sampling probability (weighting factor

W_FSTUWT from the PISA 2006 dataset). When a missing value was replaced by the
international mean, each country was given an equal weight. As for categorical variables,

missing values in dummy and variables were replaced by 0.
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