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ABSTRACT

Cross-Country Evidence on Teacher Performance Pay’

The general-equilibrium effects of performance-related teacher pay include long-term
incentive and teacher-sorting mechanisms that usually elude experimental studies but are
captured in cross-country comparisons. Combining country-level performance-pay measures
with rich PISA-2003 international achievement micro data, this paper estimates student-level
international education production functions. The use of teacher salary adjustments for
outstanding performance is significantly associated with math, science, and reading
achievement across countries. Scores in countries with performance-related pay are about
one quarter standard deviations higher. Results avoid bias from within-country selection and
are robust to continental fixed effects and to controlling for non-performance-based forms of
teacher salary adjustments.
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1. Introduction

Educational reform discussions around the globe regularly include the idea of paying
teachers based on how they perform in advancing their students’ educational achievement. From
a theoretical viewpoint, performance-related pay may elicit both incentive effects — raising
motivation and effort of current teachers who strive to increase their pay — and sorting effects —
attracting and retaining graduates in the teaching profession who expect to do well under
performance-based compensation schemes.' Given recent evidence that teacher quality is very
important for student achievement but unrelated to most observable teacher characteristics,?
motivating teachers to perform well and attracting a pool of high-performing teacher applicants
are promising policies to improve student outcomes. This paper provides international evidence
whether variation in the use of performance-related pay for teachers is associated with student
achievement across countries.

The best available evidence on the effects of teacher performance pay stems from a set of
recent experimental studies performed in Israel, Kenya, and India.®> However, there are obvious
limits to what we can learn from such experimental studies. Because of their short-term
character, experimental studies are bound to miss any sorting effect into the teaching profession,
which is “perhaps the most important aspect of compensation effects” (Lazear (2003), p. 186). In
addition, while experimental studies cleanly identify the short-term incentive effect for current
teachers, long-term incentive effects may differ. On the one hand, time required to accustom
oneself to incentives contracts may render the long-term incentive effect larger than the
identified short-term incentive effect. On the other hand, adjustments to the detriment of non-
incentivized teaching tasks* as well as regular experience of failure may render it smaller.

Furthermore, it is unclear to what extent the available experimental evidence generalizes to

! See Lazear (2003). Besley and Ghatak (2006) model sorting when teachers are motivated by a mission. Falk
and Dohmen (2010) provide evidence that pay schemes may affect who sorts into the teaching profession. See also
Hoxby and Leigh (2004) on sorting in the teaching profession.

2 See Rockoff (2004) and Rivkin, Hanushek, and Kain (2005) for seminal contributions and Hanushek and
Rivkin (2010) for an overview of recent value-added studies on the contribution of teachers to student achievement.
® See Lavy (2002, 2009), Glewwe, llias, and Kremer (2010), and Muralidharan and Sundararaman (2009).

* See Holmstrom and Milgrom (1991) and Dixit (2002) for theoretical expositions. Ballou (2001) presents

evidence that performance-related pay is more common in private than in public schools, arguing that multitask
problems are thus unlikely to be a feature that makes performance-related pay inherently futile in teaching.



developed countries. The available non-experimental evidence for developed countries® has the
additional interpretation problem that better schools may choose to adopt teacher performance
pay and that teachers and students may select themselves into schools on the basis of whether
there is performance-related pay or not, possibly introducing substantial selection bias.

One way of capturing long-term effects of teacher performance pay, including general-
equilibrium effects of attracting different pools of teachers, while at the same time getting around
within-system selection bias, is to draw on cross-country variation to compare countries that do
and do not use teacher performance pay. A number of countries have extensive experience with
performance-related adjustments of teacher salaries, whereas other countries do not.® We
combine country-level indicators of the use of performance-related pay with the micro database
of the 2003 Programme for International Student Assessment (PISA) to estimate international
education production functions that account for a rich set of family, school, and institutional
determinants of student achievement at the individual, school, and country levels. Based on data
for 190,000 students who form a representative sample of 15-year-olds in 28 OECD countries,
the analysis provides descriptive evidence on the association between the use of salary
adjustments for teacher performance (at the national level) and student achievement on an
internationally comparable test. While the list of topics analyzed using international education
production functions is long — including the effects of family background, resources, teacher
salary levels, accountability, school autonomy, choice, tracking, and more’ — to our knowledge
this is the first cross-country econometric study to address the topic of teacher performance pay.

We find that students in countries that adjust teacher salaries for outstanding performance in
teaching perform about 25 percent of a standard deviation higher on the international math test
than students in countries without teacher performance pay, after controlling extensively for
student, school, and country measures. Similar associations are found for reading achievement,

and somewhat smaller, but still substantial and significant associations for science achievement.

® See Figlio and Kenny (2007) and Atkinson et al. (2009) for recent examples from the United States and
England. Murnane and Cohen (1986) provide an early and Podgursky and Springer (2007) a recent overview of the
available U.S. evidence.

® Qur analyses employ the information collected by the Organisation for Economic Co-operation and
Development (2006) in a survey of member countries. See also Sclafani and Tucker (2006) for a review of
international experiences.

" See Hanushek and Woessmann (2010) for an extensive overview of international education production
functions.



While there are only limited signs of effect heterogeneity overall, there is some indication that
the association is stronger where parents have higher socioeconomic background, but also for
students who speak a foreign language at home. Tertiary degrees in pedagogy of teachers are
positively associated with student achievement in countries without teacher performance pay, but
not in countries with teacher performance pay.

Using international variation for the identification of effects of teacher performance pay has
several advantages over national studies, but also clear limitations.® At the most basic level,
cross-country evidence can exploit institutional variation that is usually not available, or only
available at a much more limited scale, within single countries. A main additional advantage is
that cross-country evidence is able to capture the long-run, general-equilibrium effects of teacher
performance pay that often elude studies in a single country. A second additional advantage is
that by using measures of teacher performance pay aggregated at the country level, cross-country
evidence circumvents the selection issues that usually plague within-country identification.

Obvious limitations of cross-country identification relate to the limited number of
independent observations available at the country level and the possibility of measurement error
in national reported data on the use of teacher performance pay. More fundamentally, possible
issues of omitted country variables and reverse causation make identification less clean than in
randomized experiments. For example, countries with low student achievement may feel
pressure to introduce teacher performance incentives, which would bias the estimated effect of
teacher performance pay downward. More generally, the use of teacher performance pay may be
related to other unobserved country factors, such as general cultural features or the use of pay
adjustment mechanisms more generally, that are themselves related to student achievement.

We implement a series of specification tests to check whether some of these remaining
concerns with cross-country identification are likely to be a major source of bias in our estimates.
In particular, to address issues of divergent national cultures around the world, we show that our
results are robust to — or even stronger in — specifications that include continental fixed effects or
restrict the analysis to European countries only. To address issues of possible correlation with the
general prevalence of more flexible teacher pay schemes, the international database allows us to

control for a rich set of indicators of the availability of teacher salary adjustments for other, non-

® Hanushek and Woessmann (2010) provide a more general discussion of advantages of and concerns with the
use of cross-country data on educational achievement.



performance-related criteria, such as based on teaching conditions and responsibilities, teachers’
qualifications and training, and demographics. Hardly any of these other forms of teacher salary
adjustments is significantly related to student achievement, and none of them affects the
qualitative result on teacher performance pay. Apart from these falsification tests, all our models
control for a rich set of about 50 family, input, and institutional factors measured at the student,
school, and national level that are usually unavailable in national datasets. While these analyses
rule out the most obvious sources of bias in the international identification, the limits to the
interpretation of results based on an international cross-section of student achievement data
mentioned above require a cautious interpretation of the reported results as descriptive
associations indicative of areas of possible important effects in educational production.’

The remainder of the paper is structured as follows. The next section introduces the
international data on teacher performance pay and the micro database of the PISA international
student achievement test. Section 3 describes and discusses the empirical model. Section 4
presents the results of our estimations together with robustness and specification tests. Section 5

concludes.

2. Data
2.1 Cross-Country Measures of Teacher Performance Pay

In 2003, the Organisation for Economic Co-operation and Development (OECD) for the first
time executed a survey among member countries about whether the base salary for public-school
teachers could be adjusted based on an extensive list of criteria (see Organisation for Economic
Co-operation and Development (2006), pp. 374-394, for details). One of these criteria related to
salary adjustments awarded to teachers with *“outstanding performance in teaching”. Among the
total of 16 possible criteria for salary adjustments, the Organisation for Economic Co-operation
and Development (2006), p. 382, referred to this payment as “the only additional payment that

could be classified as a performance incentive.”

° To identify causal effects of such institutional features as private-school competition and tracking in
international education production functions, West and Woessmann (2010) and Hanushek and Woessmann (2006)
employ historical instrumental variables and between-grade difference-in-differences, respectively. Obvious similar
sources of identification are not available in the case of teacher performance pay.



The data were collected in the framework of the OECD’s International Indicators of
Education Systems (INES) survey. INES is an ongoing project among member countries
explicitly set up to develop and collect a system of indicators for cross-national comparisons in
education, mounting own cross-national surveys. In an interactive process, member countries
design indicators, negotiate the definitions for data collection, and supply data for their
respective country. The data on teacher bonuses was collected within the system-level data
collection of INES Network C, whose 2005 Survey on Teachers and the Curriculum included a
battery of questions on teacher salary adjustments, referring to formal policies for public
institutions in the school year 2003/04.* National reporting by each member country is based on
a mixture of sources including national ministries and statistical offices, law and policy
documents, communications with associations of teachers and of local authorities, and
sometimes specific teacher questionnaires.'* Efforts by the OECD and the fact that each member
country inspects and approves the collected indicators before publication ensure a high degree of
international comparability of the collected data.

Among the 28 OECD countries with available data in our database, thirteen countries report
having adjustments of teacher salaries based on outstanding performance in teaching (see Table
1). The form of incentive and the method for identifying outstanding performance varies across
countries. For example, in Finland, according to the general agreement for teachers, local
authorities and education providers have an opportunity to encourage individual teachers in their
work by personal cash bonuses on the basis of individual professional proficiency and
performance at work. Outstanding performance may also be measured based upon the
assessment of the head teacher (Portugal), assessments performed by education administrations
(Turkey), or the measured learning achievements of students (Mexico). Unfortunately, the
coding of the measure as a simple indicator does not allow our analysis to consider variation in

the scope, structure, and incentives of performance-related pay schemes, which may matter

9 The definition of salary adjustments is as follows (Organisation for Economic Co-operation and
Development (2006), p. 383): “An adjustment to base salary is defined as any difference in salary between what a
particular teacher actually receives for work performed at a school and the amount that he or she would be expected
to receive on the basis of level of experience .... Adjustments may be temporary or permanent, and they can
effectively move a teacher off the scale and onto a different salary scale or onto a higher step on the same salary
scale.”

1 For example, the United States conducted a sample survey of self-administered questionnaires to a
representative sample of public school teachers. See Annex 3 to Organisation for Economic Co-operation and
Development (2006) for details on national interpretation, sources, and references.



substantially for how they work. As an example of the limitation of the indicator-style coding,
note that the United States is coded as a country where teacher salaries can be adjusted for
outstanding performance in teaching, on the grounds - according to the background
documentation in Annex 3 of Organisation for Economic Co-operation and Development (2006)
— that salary adjustments are possible for achieving the National Board for Professional Teaching
Standards certification or for increases in student achievement test scores. Clearly, there is
substantial variation within the United States in terms of regional coverage, scope, and structure
of such schemes, which is not covered by the available measure.

Using information from the 2003 INES survey on locus of decision-making, the OECD also
differentiates performance pay by whether it is awarded at the school level (by the head teacher
or school principal), by local or regional government authorities, or by the national government
authority. In seven of the thirteen countries with preformance pay, the decision is made at the
school level, in five countries at the level of local or regional authority, and in three countries at
the national level (Table 1).

As the question on performance pay was part of a more general questionnaire on
possibilities for salary adjustments, we have information on the availability of teacher salary
adjustments on the basis of a wide battery of additional, non-performance-related criteria, which
we will use in part of our analyses below. In particular, there is information on seven types of
criteria based on teaching conditions and responsibilities (such as taking on management
responsibilities, teaching additional classes, and teaching in particular areas or subjects), five
types of criteria related to teachers’ qualifications and training (such as holding initial
qualifications or later certification above the minimum required level and completion of
professional development activities), two types of criteria based on demography (family status
and age), and a residual category. Table 1 reports the share of available adjustments in a country
in each of the three broad areas of categories (additional detail is provided below). Additional
payments are most often given for particular responsibilities or working conditions.

Any cross-national collection scheme of data on teacher compensation schedules is bound to
be subject to measurement error. Despite the extensive efforts of the OECD to ensure
comparability and the authorization of the national reported data by all member countries,
interpretation of what constitutes a performance pay scheme may differ across countries. The
concept of “outstanding performance in teaching” seems vague enough to allow for differing



interpretations, and in some countries, performance pay may be available in some regions or
schools but not in others. In addition, information was collected only on the availability of
payment adjustments, but not on payment amounts, which may differ substantially across
countries. In econometric applications, classical measurement error tends to introduce
attenuation bias, making it harder to identify statistically significant associations. The fact that
the information was collected on a survey whose primary objective was not to ask about
performance related pay, but salary levels and adjustments more generally, makes the eliciting of
political-economy type reactions of under- or over-reporting of performance pay less — and the
assumption of classical measurement error more — likely. In robustness specifications, we will
also ensure that results are not driven by any one particular country. Still, it should be born in
mind that the simple indicator-style coding of the available measure precludes the analysis of
potentially important differences in the effects depending on the scope, structure, and incentive

types of performance-related pay in different countries.

2.2 The Programme for International Student Assessment (PISA) Micro Database

We combine the performance pay data with the extensive student-level database on student
achievement and background from the 2003 Programme for International Student Assessment
(PISA), also conducted by the OECD. The PISA study provides comparable information on
student achievement in mathematics, science, and reading for all OECD member countries (see
Organisation for Economic Co-operation and Development (2004) for details). The target
population was the 15-year-old students in each country, regardless of the grade they currently
attended. Thus, in most participating countries, the target population consists of individuals
nearing the last stages of compulsory schooling. Most of our analyses look at math achievement,
which with about 70 percent of testing time was the focus of the 2003 PISA test, which had less
detailed testing in science and reading. In contrast to earlier international studies that follow a
curriculum-based testing approach, the questions in the three PISA literacy domains aim to test
how well students are prepared to meet the real-life challenges of modern societies. Using item
response theory, PISA mapped performance in the three subjects on a scale with an international
mean of 500 and a (student-level) standard deviation of 100 test-score points across the OECD

countries.



Importantly for use in cross-country comparisons, the PISA sampling procedure ensured that
a representative sample of the target population was tested in each country.*? The student sample
sizes in the OECD countries range from 3,350 students in 129 schools in Iceland to 29,983
students in 1,124 schools in Mexico, yielding an international dataset of nearly 200,000 OECD-
country students. We weight all regressions by sampling probabilities to obtain consistent
student population estimates within each country. Across countries, each country carries the
same aggregate weight. This weighting scheme ensures that each system-level observation of
teacher performance pay contributes equally to the estimation.

The PISA 2003 database also contains a host of background information on the participating
students and schools that will be used as control variables in our international education
production functions. Separate background questionnaires completed by students and by school
principals provide detailed information on students’ demographic characteristics, their family
backgrounds, and their home environments, as well as school characteristics such as resource
endowments, location, and institutional characteristics such as aspects of accountability,
autonomy, and choice. We supplement this rich student-level and school-level database from
PISA 2003 with additional country-level data on GDP per capita in 2003, cumulative educational
expenditure per student between age 6 and 15 in 2002, and the existence of curriculum-based
external exit exams from several international statistical sources (see Woessmann, Luedemann,
Schuetz, and West (2009) for details). In addition, we obtain data on teacher salary levels in
2004 from the Organisation for Economic Co-operation and Development (2006).%*

Combining the available data, we constructed a dataset containing over 190,000 students in
28 of the 30 OECD countries.”* The dataset combines students’ test scores in math, science, and
reading with students’ characteristics, family-background data, and school characteristics. We

imputed missing observations on the PISA questionnaire items using the conditional mean

12 Most countries employed a two-stage sampling design, drawing a stratified random sample of schools in a
first stage and then randomly testing 35 students in each school in a second stage.

3 Specifically, we use a measure of statutory public-school teacher salary after 15 years of experience and
minimum training, averaged over primary and lower secondary education, expressed in purchasing power parity.
Lower-secondary education salaries in Turkey, missing in the data source, are imputed from a regression of salaries
in lower-secondary salaries on salaries in primary education, which has an R? of 0.94. Salary data are missing for the
Slovak Republic.

4 France had to be dropped from the sample because no school-level background information was provided.
Canada had to be dropped because it did not provide data in the OECD survey of teacher salaries and salary
adjustments.



imputation method (see Little and Rubin (1987)) described in Woessmann, Luedemann, Schuetz,
and West (2009), Appendix B.3. To ensure that our results are not biased by the inclusion of
imputed observations, all regression specifications include separate dummy variables identifying
observations with imputed data on each variable as well as interactions between these dummies
and the relevant variable.

Table A.1 in the Appendix reports international descriptive statistics for the variables
employed in our analyses. Table 1 presents country means of selected variables for each
participating country. For additional details on the PISA test and the database used in this paper,

see Woessmann, Luedemann, Schuetz, and West (2009).

3. Empirical Model and Cross-Country Identification

Our basic model is a standard education production function that expresses student

achievement as a function of a set of input factors:
ﬂ.vc = ﬂO + ﬂch + BiscﬂZ + RscﬂS + Ccﬂ4 + ‘c"isc (1)

where Tj. is the achievement test score of student i in school s in country c. The variable of
interest in this paper is P., an indicator of whether country ¢ has performance-related teacher
pay. The production function holds constant potential influence factors in the area of student-
level family background B, school-level resources R, and country-level measures of expenditure
and institutions C. The zero-mean error term ¢, is adjusted to allow for the clustering of
observations by country, to take account of the fact that despite the student-level model, our
variable of interest varies only at the country level.

We take the specification of the control model directly from Woessmann, Luedemann,
Schuetz, and West (2009), which was also employed in West and Woessmann (2010). The rich
set of control factors is enlisted in Table A.1 in the Appendix. Specifically, the vector of student
and family background characteristics consists of 31 variables, including such indicators as the
student’s gender and age, attendance of institutions of pre-primary education, immigration status,
family status, and parental occupation and work status. The vector of variables measuring school
resources and location comprises nine variables such as class size, availability of materials,
instruction time, teacher education, and size of community location. The vector of country-level

variables includes per-capita GDP of the country, average expenditure per student, external exit



exams, school autonomy in budget and in staffing decisions, the share of privately operated
schools, and the share of government funding for schools. The latter are measures of the
institutional structure of national school systems that have been shown in previous work to be
significantly associated with student achievement (see Hanushek and Woessmann (2010)).

Our models also include a control for the teacher salary level. While teacher salaries tend to
be subsumed in the general measure of educational expenditure in most of the literature — given
that teacher salaries are the largest single cost component in education — holding teacher salary
levels constant seems particularly relevant when focusing on possible effects of bonuses.
Positive associations of teacher salary levels with student achievement have been reported in
international education production functions estimated both at the country level (Lee and Barro
(2001) and Dolton and Marcenaro-Gutierrez (2010)) and at the student level (Woessmann
(2005)).

Maybe the main concerns for identification in national education production functions —
omitted student-level ability and non-random selection of students and teachers into schools and
classrooms — are bypassed in international education production functions by measuring the
variable of interest at the country level. Within-country variation in the use of teacher
performance pay may be the outcome of choices of parents, administrators, and schools that are
correlated with the error term of the production function, despite the inclusion of a rich set of
observable factors (Figlio and Kenny (2007)). In cross-country analyses, we can aggregate the
performance-pay variable to the country level, thereby using only between-country variation and
circumventing the selection problem that better schools within a system may adopt teacher
incentives. Such cross-country analysis cannot be biased by standard issues of selection at the
individual level, as patterns of sorting cancel out at the system level. Under the assumption that
ability is uniformly distributed across OECD countries, the same is true for student ability.

The main concerns with identification in international education production functions stem
from different kinds of omitted-variable and selection bias: system-level features that are
correlated with both the adoption of performance pay and student achievement (see Hanushek
and Woessmann (2010) for a general discussion). In particular, performance-related pay may be
associated with inherent cultural difference across nations that might be related to attitudes and

performance in learning, and it may be more likely in countries that use flexible salary scales
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more generally also in other dimensions than teacher performance, such as teaching conditions
and teacher qualifications.

One way to assess the severity of the first concern is to restrict the identifying variation to
groups of countries that are culturally more homogeneous. We will thus estimate a robustness
specification that includes continental fixed effects, as well as a specification that restricts the
country sample to European countries only. Also note that any cultural features that could give
rise to bias would have to be unrelated to the country-level controls in the model (as well as the
rich set of student-level and school-level controls). That is, the cultural variation would have to
be unrelated to the country’s level of economic development and educational expenditure and to
the adoption of other achievement-enhancing institutional measures such as external exams,
school autonomy, and private-sector competition.

A way to address the second concern — that countries that adopt performance-related pay
may be more likely to have more flexible salary schedules also in other dimensions, which may
in turn be related to student outcomes — is to take into account direct information on alternative
forms of salary adjustments. We can draw on the rich information on non-performance-related
pay adjustments outlined above to test whether any association of performance-related pay with
student achievement just captures its relation with other forms of adjustments in teacher pay.
Below, we will thus run a set of specification tests that control for several indicators of salary
adjustments in such other areas as teaching conditions and responsibilities, teacher qualifications
and training, and demography. Note that such specifications will also ensure that results are not
driven by country-specific measurement error in the reported salary-adjustment data that are
common to the different adjustment questions in the same survey.

While none of these specification checks can ensure strict exogeneity of our performance-
pay measure beyond doubt, they can rule out the most obvious sources of possible bias in the
cross-country identification. A remaining concern of reverse causation, in that poor achievement
could lead some countries to introduce performance-related pay as a possibly remedy, would

lead to downward bias in our estimates.
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4. Results
4.1 Basic Results

Table 2 reports our basic results on considering teacher performance pay in international
education production functions. The dependent variable is student-level achievement on the
PISA math test. Our main specification (column (1)) adds our measure of performance-related
pay and the teacher salary level to the benchmark international education production function
from Table 2.1 in Woessmann, Luedemann, Schuetz, and West (2009). Both the indicator of
availability of teacher performance pay in a country and the teacher salary level enter statistically
significantly positive in the model. The full control model of this specification is reported in
Table A.1 in the Appendix.™

The basic result suggests that student achievement is significantly higher in countries that
make use of teacher performance pay than in countries that do not use it, after extensively
controlling for student, school, and country background measures. On average, students in
countries with performance-related pay score 24.8 percent of a standard deviation higher on the
PISA math test. Compared to the existing experimental studies, this is very similar to the effect
size found by Muralidharan and Sundararaman (2009) in India and about twice as large as the
one found by Lavy (2009) in Israel.*®

The subsequent columns of Table 2 reveal that the significant positive coefficient on teacher
performance pay depends on all standard sets of control variables in international education
production functions — socio-economic background of students and countries, school resources,
and institutional measures of school systems — being included in the model. In fact, the bivariate
correlation between the performance-pay indicator and student achievement is negative (column
(2); although it is already close to zero when the two OECD countries with particularly low GDP

per capita — Mexico and Turkey — are not included). It gets positive when any two of the three

> The general results of Table 2.1 in Woessmann, Luedemann, Schuetz, and West (2009) on the institutional
measures of external exams, school autonomy, and private vs. public operation and funding of schools are robust to
the inclusion of the performance pay measure, with the exception of the coefficient on autonomy in staffing
decisions, which becomes smaller and loses statistical significance. This reduction is not due to the smaller sample
that drops Canada (which did not provide teacher salary information in the OECD survey) and the Slovak Republic
(which misses data on teacher salaries) from the analysis, but emerges only when teacher performance pay and
teacher salaries are added to the model. See Woessmann, Luedemann, Schuetz, and West (2009) for more detailed
analyses of the other institutional variables.

'® In Kenya, Glewwe, llias, and Kremer (2010) find only temporary test-score effects on exams linked to the
incentives, but not on exams that were not linked to the incentives.
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groups of control variables are included, but the size and statistical significance of the full model
is not reached in any of these specifications (columns (3)-(5)). The coefficient on teacher
performance pay is also smaller, although it reaches marginal statistical significance, when salary
levels are not controlled for (column (6)).}” This pattern highlights the importance of including in
the international models a rich set of control variables that cover the different dimensions of
socio-economic, resource, and institutional diversity of countries and their school systems.

Measures that are endogenous to the pay regime, however, should not necessarily be
included in the control model when aiming to capture the full reduced-form association between
performance pay and student outcomes. In particular, the teacher variables in the control model
may well vary as a result of teacher sorting due to the pay regime, which is an important aspect
of the teacher-sorting mechanisms that we aim to capture here. A specification that excludes the
measures of teacher education contained in the school controls produces the same qualitative
result as our basic model, though (coefficient 22.7, standard error 6.8; not shown).

Figure 1 depicts our main result graphically as an added-variable plot of test scores against
teacher performance pay, after controlling for the rich set of controls and then collapsing to the
country level. It shows a clear positive association between the variation in country-average test
scores that remains unexplained by the control variables and the variation in teacher performance
pay that cannot be attributed to variation in the other observed determinants.

The figure also indicates that the main association is not driven by any single country or
outlying observation. In fact, as a sensitivity test of the international identification, we also
performed a robustness check that dropped one country at a time from the analysis (not shown).
The qualitative result is robust in all estimations with reduced samples, confirming that the
observed positive association between student achievement and performance-related pay is not
driven by any particular country. In addition, the incidence of performance pay shows some
geographical clustering, with four of the thirteen countries with performance pay being
Scandinavian (Denmark, Finland, Norway, and Sweden) and three being Eastern European (the
Czech and Slovak Republics and Hungary). The point estimate and statistical precision of the

performance pay measure is hardly affected when dropping all four Scandinavian countries or all

" The decrease in the coefficient estimate on teacher performance pay is not driven by the change in sample
due to the addition of the Slovak Republic (with missing data on teacher salaries). Estimating the model of column
(6) without the Slovak Republic — that is, on the 27-country sample of column (1) — yields a coefficient estimate on
teacher performance pay of 16.831.
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three Eastern European coded to have performance pay from the analysis (not shown), indicating
that neither of these regional clusters is solely responsible for the main result.

As a further robustness check, we employed several alternative measures of the control
variable for teacher salary levels, given the relevance of holding salary levels constant when
looking at salary adjustments. Rather than using salaries after 15 years of experience in primary
and lower secondary education as in our main specification, very similar results are obtained
when using starting salaries or salaries at the top of the scale, when using just lower secondary
education, or when expressing salaries relative to a country’s GDP. In addition, Dolton and
Marcenaro-Gutierrez (2010) calculate a measure of relative teacher salaries, measured as the
percentile position of teacher salaries in the overall earnings distribution of a country. Again,
results hardly change with these alternative salary measures (not shown).

The specifications of Table 3 enter the performance pay measure separately by locus of
decision-making on the salary adjustment. In the full sample of countries, the effect is relatively
similar and independent of whether decisions are made at the school level, at the level of local or
regional authorities, or at the national level. Even though — with the exception of Finland — the
three groups of countries are non-overlapping, the estimates across the three columns are
surprisingly close to each other. Note, however, that country observations with performance pay
get relatively small (five and three, respectively) in the specifications of columns (2) and (3).
Robustness specifications (not shown) reveal that significance in these latter two categories is
sensitive to having Finland in the model, which is not the case in the specifications of the
respective first columns in Tables 2 and 3. Thus, while the limited degrees of freedom in the
cross-country identification do not allow for a conclusive evaluation of the locus of decision-
making, they lend more confidence in a positive association with teacher performance pay when

decisions are made at the school level than when they are made at a higher, administrative level.

4.2 Checks on the Specification

As argued above, some of the main threats to identification in the cross-country setting come
from omitted country-level factors of culture and of other, non-performance-based salary
adjustments. With respect to concerns of unobserved cultural differences, note that these would
have to be unrelated to the included control variables, some of which — such as levels of teacher

salaries and educational spending and measures of performance-conducive institutional
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structures — are obvious correlates of possible cultural factors that may be correlated with
economic and educational performance. As a first attempt to additionally reduce heterogeneity,
column (1) of Table 4 drops two countries — Mexico and Turkey — with particularly low levels of
GDP per capita, which also stand out by having an average socioeconomic status that is a full
standard deviation below the OECD average (as measured by the PISA index of economic,
social, and cultural status). Dropping these countries hardly affects results.

One way to account for unobserved broad cultural heterogeneity is to fully exclude any
variation that exists between continents by including continental fixed effects. Column (2) thus
includes fixed effects for the four continents with OECD countries — Europe, North America,
Oceania, and East Asia. The results show that drawing only on variation within continents
actually increases the estimated coefficient on teacher performance pay. The basic result
therefore does not just capture cultural differences between major world regions. Note also that
the explained variance hardly increases when adding the continental fixed effects (relative to
model (1) in Table 2), suggesting that the control variables contained in the basic model capture
the cross-continental variation very well.

Another possibility to address issues of major cultural differences is to restrict the sample to
European countries only, as Europe is the one world region with enough OECD country
observations to allow for identification. The estimated coefficient on performance-related pay
again increases when identification is restricted to the sample of 21 European countries (column
(3) of Table 4).

To test whether the association between performance-related pay and student achievement
only captures compensation schemes that are more flexible in general, Table 5 reports results of
a set of specifications that control for the availability of other, non-performance-related salary
adjustment mechanisms. In this table, each row represents the results of a separate regression.
The first column reports the coefficient on teacher performance pay, and the second column
reports the coefficient on the other type of salary adjustment that is controlled for in the
respective row. The first three rows control for aggregate measures of salary adjustments in three
alternative categories — teaching conditions and responsibilities, teacher qualifications and
training, and demography. The aggregates are simple averages of the sub-categories available in

each category, as reported in the bottom part of the table.
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None of the three measures of salary adjustments for alternative, non-performance-related
criteria enters the model significantly. The coefficient estimate on performance-related pay
remains statistically significant and at the same order of magnitude. The positive association
between performance-related pay and student achievement thus does not just capture effects of
countries that are more prone to salary adjustments more generally, be it for teaching conditions,
teacher qualifications, or demographic features.

The additional rows of Table 5 report results of specifications that control for indicators of
each alternative salary adjustment mechanism separately. The estimated coefficient on
performance-related pay remains significantly positive in every single specification.
Furthermore, only the existence of salary adjustments for taking on management responsibilities
in addition to teaching duties (and the residual “other” category of salary adjustments) enters the
model statistically significantly. None of the other types of salary adjustment — several of which
might also be interpreted as “merit pay”, although not “performance pay” — is statistically
significantly associated with student achievement, including salary adjustments based on such
criteria as teaching additional classes or hours, teaching in specific locations, taking on special
activities, teaching students with special educational needs, teaching specific subjects, holding a
higher educational qualification or certification than required, completion of professional
development activities, family status, and age.

4.3 Effect Heterogeneity and Additional Subjects

The results so far estimate the average association of teacher performance pay with student
achievement in the whole population. Table 6 reports results of a specification that allows for the
association to differ depending on teacher characteristics and basic student characteristics. All
coefficients in the table stem from one joint regression that contains interaction terms between
the country-level indicator on performance-related pay and the variables reported in the lead
column. The first column reports estimates on the main effect of each variable, which represents
the association of student achievement with the respective variable in countries that do not have
performance-related pay. The second column reports estimates on the interaction term between
performance-related pay and each variable, which represents the difference in the association of
student achievement with the respective variable between countries without and with

performance-related pay.
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The association between student achievement and teacher salary levels is slightly larger in
countries with performance-related pay, but the difference to countries without performance-
related pay is not significant. Likewise, the positive association between student achievement
and the share of fully certified teachers in the school does not vary significantly by performance
pay status.’® However, while the association between student achievement and the share of
teachers in that school who hold a tertiary degree in pedagogy (the only measure of teachers’
initial education available in the PISA database) is significantly positive in countries without
performance-related pay, it turns to basically zero in countries with performance-related pay. The
difference between the two groups of countries is highly significant. That is, teachers’
educational degrees seem to matter when there are no performance incentives, but with
performance incentives, teachers with lower educational degrees perform just as well as teachers
with higher educational degrees on average.

With respect to basic measures of student characteristics, there are small but statistically
significant interaction effects of teacher performance pay with a general index of socioeconomic
background and an indicator of books in the student’s home, suggesting that the effect of
performance-related pay may be slightly larger where parents have a higher socioeconomic
background. At the same time, the negative association of student achievement with students’
speaking a foreign language at home is significantly lower (in absolute terms) in countries that
have performance-related pay. No similar effect heterogeneity is found for the majority of other
student and family background measures contained in the model (as shown in Appendix Table
Al).

While all results so far refer to math achievement, Table 7 reports results for student
achievement in science and reading. Teacher performance pay is significantly positively related
to achievement in all three subjects. At 24.3 percent of a standard deviation, the coefficient
estimate in reading is very similar to math. The coefficient estimate in science is somewhat
smaller, at 15.4 percent of a standard deviation. The estimates increase to 29.9 and 24.1 percent
of a standard deviation in reading and science, respectively, when including controls for

continental fixed effects (columns (2) and (4)).

8 Unfortunately, the PISA database does not provide teacher-level information, but only school-level
information, and does not provide information on additional teacher characteristics. Woessmann (2003) uses the
individual teacher data on education, experience, age, and gender available in the Trends in International
Mathematics and Science Study (TIMSS) in international education production functions.
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5. Conclusion

This paper provides first evidence on the association between the use of performance-related
teacher pay and student achievement across countries. The results of cross-country education
production functions that extensively control for student, school, and country background factors
suggest that students in countries that make use of teacher performance pay perform significantly
better in math, science, and reading than students in countries that do not use teacher
performance pay. The size of the association between use of performance-related pay and student
achievement is about one quarter of a standard deviation on the math and reading tests and about
15 percent of a standard deviation on the science test. Given the well-established nature of
teacher bonuses in many countries, these associations are likely to capture general-equilibrium
effects of performance-related pay which are likely to combine long-term incentive effects of
motivating current teachers with sorting effects of changing the pool of applicants for the
teaching profession.

Several specification tests rule out some of the most obvious threats to a causal
interpretation of the association. The result is robust in specifications with continental fixed
effects and within the sample of European countries. In both specifications, point estimates are
actually larger, suggesting that omitted broad cultural patterns do not drive the results.
Specifications that control for a large set of alternative salary adjustment mechanisms, not based
on performance but based on such criteria as teaching conditions, teacher qualifications, and
teacher demographics, confirm that the main result does not just capture effects of more flexible
pay scales in general, but is specific to performance-based salary adjustments. In fact, apart from
salary adjustments for taking on management responsibilities, no other specific adjustment
scheme is significantly associated with student achievement.

The provided cross-country evidence is complementary to existing national, especially
experimental estimates. While the cross-country results include long-term general-equilibrium
effects that usually escape experimental studies, the latter provide more confidence in the
exogeneity of treatment. Furthermore, cross-country estimation only allows for identification of
general patterns, pointing towards the stylized fact of a basic association between teacher
performance pay and student achievement. Given the limited degrees of freedom at the country
level, the identification strategy does not have much to say about the specific design of

performance-pay schedules or about issues of implementation. Many of these issues will have
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country-specific answers. Combining analyses based on different — national and international —
approaches to identification helps to deepen our understanding of the effects of teacher
performance pay.

Many aspects of the cross-country association between student achievement and teacher
performance pay remain open for future research. More work is needed to identify the causal
relationships underlying the associations reported in this paper. The relevance of specific aspects
of the performance pay scheme, such as the role of measurement of teacher performance, the size
of the bonus, and the locus of decision-making, deserve further attention. Such analyses should
be based on more nuanced and preferably sub-national measures of performance-related pay in
an international setting. Maybe most demanding of all, the current work does not speak to the
relative importance of incentive and sorting effects in the overall effect of teacher performance
pay, an issue crucial to understand the mechanisms of the long-run effects of performance-

related teacher pay.
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Figure 1: Performance pay and student achievement across countries: Added-variable plot
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Notes: Added-variable plot of a regression of PISA 2003 math test scores on teacher performance pay and an
extensive list of control variables for student characteristics, family background, school resources and location, and
country-level features, as shown in Appendix Table A.1. Based on the student-level regression reported in column
(1) of Table 2 that is then aggregated to the country level.



Table 1: Selected descriptive statistics by country

Payment for outstanding
performance made by

Adjustments of teacher
salaries based on

PISA GDP Teacher SC.hO(.)I Local National Condi- Qualifi- Demo-
math per . Any princi- autho- . : ;
. salaries . authority tions  cations graphy
score  capita pal rity
() ) Q) @4 (6) @) (8) 9) (10)
Australia 5241 27,872 44,065 0 0 0 0 0.714 0.4 0.5
Austria 505.1 27,567 34,822 0 0 0 0 0.571 0.0 1.0
Belgium 529.1 25,262 38,157 0 0 0 0 0.143 0.1 0.0
Czech Rep. 516.1 14,642 19,994 1 1 0 0 0.429 0.0 0.5
Denmark 513.7 27,970 37,925 1 1 0 0 0.714 0.8 0.0
Finland 544.2 23,786 35,430 1 1 1 1 0.714 0.2 0.0
Germany 503.1 25,189 47,551 0 0 0 0 0.286 0.0 1.0
Greece 4445 15,787 28,646 0 0 0 0 0.429 0.4 0.5
Hungary 490.3 13,016 14,512 1 1 0 0 1.000 0.8 0.5
Iceland 514.7 26,352 22,396 0 0 0 0 0.857 0.6 0.5
Ireland 503.5 28,247 44,185 0 0 0 0 0.286 0.6 0.0
Italy 465.8 22,924 30,011 0 0 0 0 0.714 0.0 0.5
Japan 533.6 24,036 45,753 0 0 0 0 0.714 0.0 0.5
Korea 541.6 17,595 48,815 0 0 0 0 0.571 0.0 0.5
Luxembourg 493.3 49,261 73,580 0 0 0 0 0.571 04 1.0
Mexico 3849 7,939 18,931 1 0 0 1 0.714 0.8 0.0
Netherlands 538.1 26,154 42,628 0 0 0 0 0.143 0.0 0.0
New Zealand 524.1 22,197 36,063 1 1 0 0 0.857 0.6 0.0
Norway 4954 34,013 35,420 1 0 1 0 0.714 0.4 0.0
Poland 490.1 9,217 10,263 0 0 0 0 0.571 0.6 0.5
Portugal 466.1 17,333 31,635 1 0 1 0 0.714 0.6 0.5
Slovak Rep. 498.6 10,943 - 1 0 1 0 0.143 0.0 0.0
Spain 485.6 20,642 38,503 0 0 0 0 0.429 0.2 0.5
Sweden 509.6 26,138 29,971 1 1 0 0 0.143 0.0 0.0
Switzerland 526.1 28,792 53,536 0 0 0 0 0.714 0.0 0.5
Turkey 4238 5634 18,188 1 0 0 1 0.571 0.4 0.5
Unit. Kingdom 508.0 26,044 43,831 05 0.5 0 0 0.357 0.1 0.0
United States 4835 34,875 39,914 1 0 1 0 0.714 0.4 0.0
Mean 498.4 22,837 35730 0.446 0.232 0.179 0.107 0554 0.300 0.339

Country means. See text for definitions of variables.



Table 2: Teacher performance pay in international education production functions

o @ Q) (4) (5) ©)
Teacher performance pay 24.836 -18.941 3.092 12.633 4.745 16.844

(6.779) (14.325)  (10.225) (7.716) (7.425) (8.838)
Teacher salaries 1.477 -0.195 1.614 1.300

(0.377) (0.477) (0.409) (0.327)
Socio-economic controls (32) v v v v
School resource controls (10) v v v v
System-level institutions (5) v v v v
Observations (students) 184,495 191,841 184,495 184,495 184,495 191,841
Clustering units (countries) 27 28 27 27 27 28
R? 0.401 0.008 0.182 0.368 0.375 0.392

Dependent variable: PISA 2003 math score. Least squares regressions weighted by students’ sampling probability.
Robust standard errors adjusted for clustering at the country level in parentheses. Reported variables are measured at
the country level. The socio-economic controls include GDP per capita, 15 student characteristics, and 16 family
background measures. The school resource controls include expenditure per student and 9 measures of school
resources and location. All regressions include controls for respective imputation dummies and interaction terms

between imputation dummies and the variables. Significance level: “" 1 percent, ™5 percent, “ 10 percent.

Table 3: Performance pay by locus of decision-making

Teacher performance pay made by

School principal

Local authority

National authority

L 2 _ @) _
Teacher performance pay 22.819 17.528 22.946
(7.065) (7.122) (9.279)
Teacher salaries 1.195™ 1.196™ 1.193™
(0.420) (0.403) (0.393)
Observations (students) 184,495 184,495 184,495
Clustering units (countries) 27 27 27
R 0.400 0.399 0.398

Dependent variable: PISA 2003 math score. Least squares regressions weighted by students’ sampling probability.
Robust standard errors adjusted for clustering at the country level in parentheses. Reported variables are measured at
the country level. All regressions control for: 5 system-level institutional measures, 15 student characteristics, 16
family background measures, 9 measures of school resources and location, GDP per capita, expenditure per student,

imputation dummies, and interaction terms between imputation dummies and the variables. Significance level: ™" 1

percent, 5 percent, " 10 percent.



Table 4: Restricted samples and continental fixed effects

Sample: GDP > $9,000 Full Europe
O @ @)
Teacher performance pay 26.305 32.619 35.889
(6.915) (6.509) (6.832)
Teacher salaries 1.455™" 1.492"" 1.312"
(0.459) (0.495) (0.615)
Continental fixed effects yes
Observations (students) 149,657 184,495 121,843
Clustering units (countries) 25 27 21
R 0.362 0.408 0.394

Dependent variable: PISA 2003 math score. Least squares regressions weighted by students’ sampling probability.
Robust standard errors adjusted for clustering at the country level in parentheses. Reported variables are measured at
the country level. All regressions control for: 5 system-level institutional measures, 15 student characteristics, 16
family background measures, 9 measures of school resources and location, GDP per capita, expenditure per student,
imputation dummies, and interaction terms between imputation dummies and the variables. Significance level: ™" 1
percent, 5 percent, ~ 10 percent.



Table 5: Performance pay vs. other types of salary adjustment

Teacher Other adjustment
performance pay to teacher salary
Type of other adjustment: (1) (2)
Teaching conditions and responsibilities 27.024™ 18.531
(7.253) (18.395)
Teachers’ qualifications and training 24.3117 -14.310
(5.885) (9.876)
Demography 22,7377 -12.039
(7.368) (13.661)
Criteria based on teaching conditions and responsibilities
Management responsibilities in addition to teaching duties 24.493™ 18.350""
(6.129) (5.670)
Teaching more classes or hours than required by full-time contract 25.440"" 6.303
(6.887) (7.752)
Special tasks (career guidance or counseling) 24.883"" 0.394
(6.790) (6.657)
Teaching in a disadvantaged, remote, or high-cost area (location 16.227" -14.201
allowance) (9.348) (10.136)
Special activities (e.g., sports and drama clubs, summer school) 25.063"" 9.346
(7.315) (8.101)
Teaching students with special educational needs (in regular schools) 26.6707" 7.001
(6.618) (5.669)
Teaching courses in a particular field 27.643" -10.686
(7.514) (9.609)
Criteria related to teachers’ qualifications and training
Holding an initial educational qualification higher than the minimum 23.786" -7.013
qualification required to enter the teaching profession (5.990) (6.249)
Holding a higher than minimum level of teacher certification or training 24.054"" -4.650
obtained during professional life (6.202) (6.042)
Successful completion of professional development activities 25.201"" -8.998
(6.164) (5.635)
Reaching high scores in the qualification examination 24573 -4.093
(6.762) (9.050)
Holding an educational qualification in multiple subjects 25.856 -6.434
(6.952) (10.683)
Criteria based on demography
Family status (married, number of children) 23.062"" -13.161
(6.167) (11.330)
Age (independent of years of teaching experience) 24.686" -0.704
(7.437) (7.627)
Other 41178 28422
(5.146) (3.333)

Each row reports the results of a separate regression, with column (1) showing the coefficient on teacher
performance pay and column (2) showing the coefficient on the type of salary adjustment indicated in the lead
column. Dependent variable: PISA 2003 math score. Least squares regressions weighted by students’ sampling
probability. Robust standard errors adjusted for clustering at the country level in parentheses. Reported variables are
measured at the country level. All regressions control for: teacher salaries, 5 system-level institutional measures, 15
student characteristics, 16 family background measures, 9 measures of school resources and location, GDP per
capita, expenditure per student, imputation dummies, and interaction terms between imputation dummies and the
variables. Significance level: 1 percent, 5 percent, " 10 percent.



Table 6: Heterogeneous effects: Interactions of performance pay with teacher and student
characteristics

Interaction with

Main effect
teacher performance pay
1) (2)
Teacher characteristics
Teacher salaries (country-level) 1.455™" 0.241
(0.402) (0.603)
Teacher education (share at school)
Fully certified teachers 19.5717 -0.020
(7.009) (8.842)
Tertiary degree in pedagogy 11.867" -12.269™"
(2.911) (3.971)
Student characteristics (student-level)
Index of economic, social, and cultural status (ESCS) 22.189" 1.600"
(0.646) (0.914)
More than 200 books at home 256707 3.824™"
(0.903) (1.443)
Foreign language spoken at home -13.892"" 8.129™"
(2.340) (3.594)
Students (observations) 184,495
Schools 6,877
Countries 27
R 0.394

All coefficients stem from one joint regression, with column (1) showing the coefficient on the variable indicated in
the lead column and column (2) showing the coefficient on an interaction term of the variable indicated in the lead
column with teacher performance pay. Dependent variable: PISA 2003 math score. Least squares regressions
weighted by students’ sampling probability. Robust standard errors adjusted for clustering at the country level for
country-level variables and at the school level for student-level and school-level variables in parentheses. All
regressions control for: teacher salaries, 5 system-level institutional measures, 15 student characteristics, 13
additional family background measures, 7 additional measures of school resources and location, GDP per capita,
expenditure per student, imputation dummies, and interaction terms between imputation dummies and the variables.
Significance level: *" 1 percent, ™5 percent, “ 10 percent.

Table 7: Achievement in science and reading

Subject: Science Reading
L _ (2 Q) (4)
Teacher performance pay 15.412 24.133 24.293 29.935
(7.416) (5.125) (6.951) (5.159)
Teacher salaries 1.488™" 1.609™" 1.287"" 1.367"
(0.325) (0.308) (0.344) (0.398)
Continental fixed effects no yes no yes
Observations (students) 184,495 184,495 184,495 184,495
Clustering units (countries) 27 27 27 27
R® 0.349 0.354 0.369 0.373

Dependent variable: PISA 2003 score. Least squares regressions weighted by students’ sampling probability. Robust
standard errors adjusted for clustering at the country level in parentheses. Reported variables are measured at the
country level. All regressions control for: 5 system-level institutional measures, 15 student characteristics, 16 family
background measures, 9 measures of school resources and location, GDP per capita, expenditure per student,
imputation dummies, and interaction terms between imputation dummies and the variables. Significance level: ™" 1
percent, 5 percent, ~ 10 percent.



Appendix Table

Table A.1: Descriptive statistics and full results of basic model

Descriptive statistics Basic model
Mean Std. dev. Coeff. Std. err.
PISA 2003 test scores
Math 498.4 100.6
Science 498.6 105.4
Reading 492.9 100.6
Teacher pay measures
Teacher performance pay 0.446 0.488 24836 (6.779)
Teacher salaries 35.730 13.193 14777 (0.377)
Country-level institutional measures
External exit exams 0.005 0.457 15.182""  (5.163)
Autonomy in formulating budget -0.001 0.283 -32.6717"  (11.497)
Autonomy in staffing decisions -0.006 0.283 7.197 (11.110)
Private operation 0.004 0.218 82.086""  (15.864)
Government funding -0.002 0.152 126118 (22.550)
Student characteristics
Female 0.495 0.500 -17.569™"  (0.658)
Age (years) 15.777 0.291 147677 (1.130)
Preprimary education (more than 1 year) 0.686 0.459 5919 (0.734)
School starting age 6.049 0.815 -3.553"" (0.527)
Grade repetition in primary school 0.077 0.252 -34.599™"  (1.479)
Grade repetition in secondary school 0.068 0.233 3471177 (1.692)
Grade
7" grade 0.006 0.074 -63.480""  (4.306)
8" grade 0.047 0.213 -38.935"  (2.307)
9" grade 0.367 0.482 -18.449™  (1.315)
10" grade 0.516 0.500
11" grade 0.063 0.243 -8.292"" (2.115)
12" grade 0.001 0.033 2.187 (4.933)
Immigration background
Native student 0.919 0.269
First generation students 0.036 0.183 -10.796™"  (1.655)
Non-native students 0.045 0.205 -9.217" (1.832)
Language spoken at home
Test language or other official national language 0.922 0.262
Other national dialect or language 0.033 0.174 -31.079™"  (3.086)
None of above 0.045 0.202 -9.298™" (1.861)
Family background
Living with
No parent 0.017 0.130
Single mother or father 0.190 0.392 19.6637  (1.875)
Patchwork family 0.059 0.236 23.8907 (2.090)
Both parents 0.734 0.442 27.6647"  (1.860)
Parents’ working status
Both full-time 0.066 0.247 -2.569" (1.355)
One full-time, one half-time 0.295 0.452 5.914™" (1.082)
At least one full time 0.179 0.381 13.4797  (1.197)
At least one half time 0.387 0.483 7618 (1.161)
Other (less than one half but not both missing) 0.072 0.257

Continued on next page



Table A.1 (continued)

Descriptive statistics Basic model
Mean Std. dev. Coeff. Std. err.
Parents’ job
Blue collar low skilled 0.096 0.289
Blue collar high skilled 0.141 0.341 0.561 (1.011)
White collar low skilled 0.233 0.414 1.960 (0.969)
White collar high skilled 0.530 0.490 7.812" (1.035)
Books at home
1-10 books 0.093 0.290
11-25 books 0.142 0.349 5.102"" (0.993)
26-100 books 0.314 0.464 22,5027 (1.038)
101-200 books 0.201 0.400 32.2807"  (1.150)
201-500 books 0.156 0.363 49.756""  (1.256)
More than 500 books 0.095 0.293 51.663°  (1.444)
Index of economic, social, and cultural status (ESCS) -0.016 1.003 19.3187°  (0.549)
School resources and location
Class size (mathematics) 23.180 7.410 1.3787 (0.069)
Shortage of instructional materials
Not at all 0.070 0.252 -10.289™"  (2.723)
Strong 0.386 0.479 7536 (1.308)
Instruction time (mathematics, minutes per week) 197.034 86.807 0.049™ (0.005)
Teacher education (share at school)
Fully certified teachers 0.905 0.177 19.624™"  (3.896)
Tertiary degree in pedagogy 0.646 0.318 6234 (2.059)
School’s community location
Village or rural area (<3,000) 0.108 0.307
Town (3,000-100,000) 0.571 0.488 -1.570 (1.550)
City (100,000-1,000,000) 0.209 0.401 5764 (1.933)
Large city with > 1 million people 0.111 0.310 5.536 (2.458)
Country-level measures
GDP per capita (1,000 $) 22.837 9.036 -5.070"" (0.923)
Educational expenditure per student (1,000 $) 56.867 25.955 1.565"" (0.293)
Students 191,841 184,495
Schools 7,158 6,877
Countries 28 27
R 0.401

Descriptive statistics: Mean: international mean (weighted by sampling probabilities). Std. dev.: international
standard deviation.

Basic model: Full results of the specification reported in column (1) of Table 2. Dependent variable: PISA 2003
math score. Least squares regressions weighted by students’ sampling probability. Robust standard errors adjusted
for clustering at the country level for country-level variables and at the school level for student-level and school-
level variables in parentheses. Regression additionally controls for imputation dummies and interaction terms
between imputation dummies and the variables. Significance level: “" 1 percent, ~ 5 percent, ~ 10 percent.





