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Abstract

Our objective is to analyse the role of teacher and school
quality to explain differences in students’ educational outcomes.
With this aim, we use PISA microdata for 10 middle income
and 2 high income countries and we apply decomposition
methods in order to identify the role of these factors for
different groups of students. Our results show that school and
teacher quality and better practices matter even in different
institutional settings. From a policy perspective, this evidence
supports actions addressed at improving both factors in order
to reduce cross-country differences but also between students
at the top and bottom distribution in terms of socio-economic
characteristics.
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1. Introduction

Despite the large number of studies that draw on Programme for International Student Assessment (PISA)
microdata in their analyses of the determinants of educational outcomes, relatively little attention has
been paid to the role of teacher quality and its interaction with other classroom and school level factors
(Escardibul and Calero, 2012).

Our objective is to analyse to which extent differences in educational outcomes could be improved through
a reform of teacher training and better motivation but taking also into account other individual, school and
institutional characteristics of the educational systems under analysis. With this aim, we analyse data from
the PISA surveys to analyse educational outcomes in Science and Reading. The reason to focus on Science
in 2006 and Reading in 2009 is that for these subjects and years, additional information from the standard
PISA questionnaire is available on teaching practices and students’ attitudes and perception of teachers. In
order to take into account the different institutional settings, the analysis is carried out for a wide set of
middle income countries from the five following regions: Arab States (Jordan and Tunisia), Central Asia
(Azerbaijan and Kyrgyzstan) Central and Eastern Europe (Russian Federation and Turkey); East Asia
(Indonesia and Thailand) and Latin America (Brazil and Mexico). We also include two high income countries
from Western Europe (the Netherlands and United Kingdom) in the analysis to compare the possible
differences in educational outcomes between middle and high income countries. In order to analyse the
factors behind differences between students in terms of educational outcomes, we separate students in
two different groups according to their PISA economic, social and cultural status index (ESCS). In particular,
we, first, analyse the gap in scores between the top and bottom quartile of students according to their ESCS
and, second, we focus in the gap in the probability of these two groups of students to score above the PISA
proficiency level 2. Next, we apply decomposition methods based on the estimation of educational
production functions and models for the probability to achieve the previously mentioned minimum
international benchmarks. In both cases, explanatory variables are related to the characteristics of the
students, their families and the schools they attend putting special attention to the quality of teachers and
schools.

The rest of the paper is structured as follows. Section 2 briefly summarises the previous academic
works of interest for the study. Then, section 3 describes the methodological approach, the data sources
and the variable definition. Section 4 describes the results obtained and, last, in Section 5 we summarize
the main findings and propose some policy recommendations.
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2. Review of the literature

In the various studies conducted to date in order to analyse cross-country differences among students in
terms of educational outcomes numerous factors have been identified and, according to their nature, they
can be categorised into three groups: individual characteristics, family background and characteristics of
the schools (see, for instance, Hanushek and Woessmann, 2011a and 2011b).

The first group is made up of individual characteristic,c, among which, variables related to the
student’s nationality and main language stand out. It has been reported that the educational outcomes of
immigrants are worse than those of native students (Meunier 2011, Chiswick and DebBurman 2004) and it
is argued that this effect is related to the different home environments of each of the groups under analysis
(Ammermueller, 2007a and Entorf and Lauk, 2008). In the case of languages, there is evidence that
immigrants improve their academic outcomes when they speak the official language of the country in their
home domain (Entorf and Minoiu, 2005).

The second group of variables refers to the family background. Coleman et al. (1966) was one of
the earliest studies to show the impact of family variables on students’ educational attainment. A number
of studies, including Haveman and Wolfe (1995) and Feinstein and Symons (1999), claim that variables of
this type have the greatest impact on educational performance. It is found that students whose parents
have a high educational level obtain better outcomes than students whose parents have a lower level of
education (Hakkinen et al. 2003, WoRmann 2003). In addition, the families’ socio-economic level is also
related to a student’s academic performance — the outcomes improving the higher the parents’ social and
economic level. The genetic transmission of cognitive skills is one of the most frequently presented
arguments for explaining the better performance of those students whose parents have a high level of
education. Moreover, the presence of a good cultural environment and a stable family environment also
contribute to enhance students’ academic outcomes. In fact, there is usually a positive correlation between
the parents’ level of education and the family’s socio-economic and cultural levels.

Finally, the third group of variables is related with different characteristics of the school attended
by the students including, for example, school location, the type of school — public or private, the teacher-
student ratio and school size. The consensus among academic authors analysing the influence of school
characteristics is not so broad that in the two previous groups of factors. Studies such as Coleman and
Hoffer (1987), Hanushek (1986), Stevans and Sessions (2000), Vandernberghe and Robin (2004) and
Opdenakker and Van Damme (2006) among others, find that students attain better outcomes in private
than in public schools. Yet, other studies including, for example, Noell (1982), Sander (1996), Fertig (2003),
Somers et al. (2004) and Smith and Naylor (2005), report no effect of school type on student outcomes.
Likewise, the effect of school size on student outcomes is unclear. While Barnett et al. (2002) and Howely
(2003) find a positive relation between school size and educational attainment, Hanushek and Luque (2003)
do not observe any significant impact of this variable in the majority of countries analysed. Results
regarding the impact of the number of students per teacher are similarly inconclusive. Arum (2000) and
Krueger (2003) show that students perform better in small classes, while Hanushek (2003) and Rivkin et al.
(2005) fail to find a statistically significant effect of this variable on students’ educational outcomes.
Regarding teacher’s quality and its impact on students’ performance, Dolton and Marcerano-Gutierrez
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(2011) consider the determinants of teachers’ salaries across countries and examine the relationship
between teacher’s remuneration and educational performance of students. Their results analysing panel
data on 39 countries suggest that recruiting higher ability individuals into teaching and permitting scope for
quicker salary advancement will have a positive effect on pupil outcomes. A similar result is obtained by
Woessmann (2011). Boarini and Liidemann (2009) analyse the impact of school accountability and school
autonomy as well as that of spending for the quality of learning outcomes. Their results show that a high
number of teachers per student is not associated with better educational outcomes, while teachers' wages
seem to be positively related to students' results. Moreover, they find evidence about the role of some
accountability policies at school and national level to increase student achievement, but no influence of
school autonomy on students' test scores. Some recent empirical evidence also suggests the relevance of
the teacher-student relationship. In particular, Lee (2012) finds that there is an association between
students’ perceptions of the school social environment and their outcomes. Last, it is worth mentioning
that several studies have also highlighted the relevance of peers on educational outcomes (see, for
instance, Hanushek et al., 2003).

3. Methodological approach

The data source drawn on in this study is the Programme for International Student Assessment (PISA),
coordinated by the OECD, which aims to assess students on reaching the end of compulsory education, at
the age of 15, in the subject areas of Mathematics, Science and Reading. PISA also provides information
about the students themselves, their family background and the school as a learning environment. It is a
triennial survey that currently provides data for four waves: 2000, 2003, 2006 and 2009. Taking into
account that the 2006 and 2009 waves include information about student perceptions of teachers of
Science and Reading, respectively, we analyse these data for a wide set of middle income countries and two
high income countries. In particular, we will analyse two countries for each of the six following regions:
Arab States (Jordan and Tunisia), Central Asia (Azerbaijan and Kyrgyzstan) Central and Eastern Europe
(Russian Federation and Turkey); East Asia (Indonesia and Thailand); Latin America (Brazil and Mexico) and
Western Europe (the Netherlands and United Kingdom).

As mentioned above, the main objective of PISA is to assess student attainment on reaching the
end of compulsory education in the subject areas of mathematics, science and reading. To this end, the
survey provides five plausible values for each subject area. Plausible values are not the students’ actual test
scores and should not, therefore, be treated as such; rather, they are random numbers drawn from the
distribution of scores that could be reasonably assigned to each individual. This methodology was
developed by Mislevy and Sheehan (1987, 1989) and is based on Rubin’s theory for imputing missing or lost
values (1987). The idea is that each individual responds to a limited number of test questions, and, for this
reason, it is necessary to estimate their behaviour as if they had answered all the questions on the test. To
do this, their results are predicted using the responses to the questions they have actually answered and
other variables obtained from the context questionnaire. Instead of predicting a single score, a distribution
of values is generated for each individual with their associated probabilities and five plausible values are
obtained randomly for each individual. In this way, the bias introduced when estimating the outcomes from
a small number of test questions is avoided. Plausible values contain random error variance components
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and are not optimal as individual test scores. Thus, while unsuitable for the diagnosis of subjects they are
well suited to the consistent estimation of population parameters. In this analysis, we use these values to
conduct our proposed empirical analysis; however, in the descriptive statistics shown below the mean
values are used. Sampling weights are used throughout the different parts of our empirical analysis.

Thus, the first step in determining whether the differences observed in the educational outcomes
of students are related to individual factors or to characteristics of the family or school environment, we
specify and estimate an educational production function which includes various controls at the individual,
teacher and school levels. Specifically, the educational production function for each of the subject areas
used in this study is based on the following expression:

RTest;=a+f-Z; + ¢ (1)

where RTest; refers to the five plausible values of the test results in each subject area (Sience in 2006 and
Reading in 2009) for student i, Z; is a vector of control variables related to the characteristics of the
individuals, their family backgrounds and teacher and school environment, while e; is a random error term.
Given the nature of the endogenous variable (described in detail above), in order to estimate this model we
need a method that will allow us to make multiple estimations of the dependent variable®, which refers to
the five plausible values of the educational outcomes in each subject area. Additionally, and due to the
complex sample design used in PISA, a replication procedure has to be applied to calculate the variance of
the estimators. For data of this type, the OECD (2009) recommends the Fay-modified balanced repeated
replication (BRR) method (Fay, 1989), which improves the accuracy of the variance estimator without
modifying the coefficients. This was the procedure adopted in this study. As regards the other variables of
interest, we include the following variables provided in the survey (see Annex for more detail). Regarding
individual characteristics we consider gender, age, nationality (native and first and second generation
immigrants), type of family structure (nuclear, single parent and mixed race, only for 2009), a index related
with the student’ interest in learning science (only 2006) and a index of attitude towards school (only for
2009). As for variables related to teacher quality, we include some indices built from students’ perceptions
about teachers which differ between 2006 and 2009. In particular, indicators for 2009 are teacher-student
relation, disciplinary climate, teachers’ stimulation and motivation of students’ reading engagement, and
those for 2006 are more focused in science: interaction between students and teacher in science, hands-on
activities in science class, student investigations in science class and learning applications of science. Finally,
we include variables related to the school including its location in urban or rural areas, school size, the
number of students per teacher, whether the school is public or private, and also indices variables as ability
grouping between classes, computer availability, school’s educational resources, extra-curricular activities
offered by school, school principal’s leadership (not for 2006), school responsibility for curriculum and
assessment, school responsibility for resource allocation, computers connected to the internet, academic
selectivity.

' To do so we employed the Stata module for performing estimations with plausible values.
http://ideas.repec.org/c/boc/bocode/s456951.html
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In a second step, and based on the results of the estimation of the educational production function,
we also explore the factors behind differences in educational outcomes between different groups of
students by applying the Oaxaca-Blinder methodology. This method has been widely used to analyse
employment discrimination on grounds of wages, gender, race or other worker characteristics. As it is well
known, the technique allows us to decompose the difference between two groups in the mean level for a
given variable into a part that is explained by group differences in the observed characteristic and a part
caused by differences in the outcomes associated with these characteristics. These techniques have been
rarely used in this context, although some exceptions include Ramos et al. (2012), Baird (2012), Burger
(2011), Zhang and Lee (2011) and Ammermueller (2007b). As previously mentioned, we separate students
in two different groups according to their PISA economic, social and cultural status index (ESCS). So, based
on the estimates of the educational production function, we apply the Oaxaca-Blinder method in order to
explain the gap in scores between the top and bottom quartile of students according to their ESCS.
According to this methodology, the difference in the educational performance of both groups can be
expressed as:

RTesty — RTesty = (Zy — Zg) - Pr + Zr - (Br — Bp) + (ér — €p) (2)

where the subindices T and B correspond to top quartile and bottom quartile students in terms of ESCS,
respectively. Equation (2) enables us to quantify the extent to which the cause of the differences between
these two groups of students is related to differences observed in individual factors, the school and
teaching environment, or to the influence of unobserved factors. More specifically, the first term on the
right-hand side of the equation corresponds to that part of the differential in educational performance
attributable to the group differences in the observed characteristics, coinciding with the "explained"
component of the Oaxaca-Blinder decomposition, while the second and third terms correspond to the
difference in coefficients and differences in unobservable skills and capture, basically, the discriminatory or
"unexplained" component of this decomposition.

Last, a different way of analysing educational outcomes from the PISA survey is to look whether
students achieve or not the minimum required knowledge in each of the considered subject. This is known
as PISA Proficiency Level 2 and for the 2006 survey the minimum score to achieve in Science is 409,5 while
the value for Reading in the 2009 survey is 407. Using these values as thresholds, we build a binary variable
(above and below these thresholds) and look at the factors contributing to explain the differences among
the top and bottom quartile of students in terms of their ESCS. As now, we want to explain differences in
terms of a binary variable and not a continuous one (scores), we cannot use a regression model framework
but discrete choice models. Taking this into account, we estimate probit models with a similar specification
to the ones used for the educational production function. Next, we decompose the differences in the
probability of achieving the threshold applying Yun’s (2004) methodology. This methodology is identical to
the Oaxaca-Blinder decomposition, but it can be used for binary variables as the one used here. As before,
the gap in the probability is decomposed into two components: differences in observable characteristics
(the “explained” components) and differences in coefficients (the “unexplained” one). The method also
proposes a detailed decomposition to understand the unique contribution of each predictor to each
component of the difference.



Research Institute of Applied Economics Working Paper 2014/08, pag. 9
Regional Quantitative Analysis Research Group Working Paper 2014/04, pag. 9

4. Results

4.a. Descriptive statistics on students’ score gaps and on the gap in the proportion of students to achieve
a minimum benchmark

Figure 1 shows the distribution of one of our two educational outcomes of interest: students’
scores on Science in 2006 and Reading in 2009 for the six geographic regions analysed in this study. From
this figure, it is clear that there are important differences among these regions in terms of educational
performance, both in Science and Reading. These differences are not only related to the central values but
also to the skewness and symmetry of the distributions. While for high-income countries, the modal values
are substantially higher and the distribution is relatively symmetric, in middle-income countries the
situation is quite different: distributions are usually skewed and with modal values clearly lower than in the
high-income ones.

Table A.2 in the Annex provides some summary statistics for the 12 considered countries on this
measure of educational performance (scores) and on our second measure of interest, the proportion of
students that have achieved PISA proficiency level 2 (understood as the minimum required benchmark in
our cross-country perspective). As for average scores, we see that the UK and the Netherlands have the
highest levels in both groups of students. It is worth noting that the average score in both Science and
Reading for the top quartile of ESCS distribution of students in countries as Brazil, Indonesia, Azerbaijan,
Kyrgyzstan, Tunisia and Jordan are below the average score for the bottom quartile in the two high income
countries we also consider. A similar situation is observed when analysing the difference in the percentage
of students achieving proficiency level 2 or more between that groups of students.

In Table A.2, the information about our two measures of educational performance is
complemented by some descriptive statistics on potential explanatory variables related to the individual, its
parental background, school characteristics and other aspects related to teacher quality and teacher
practices. When looking at country differences, a similar picture emerges: differences between high and
middle-income countries are, in most cases, of a very relevant magnitude. One clear conclusion from the
literature that we have summarised earlier is that these differences are explained in a very important
proportion by socio-economic differences between families, so it is quite clear that we should control for
these variables when looking at the potential effects of school and teacher characteristics. In order to do
so, we have decided to focus on the potential explanatory factors of differences in educational outcomes
between students in the top and bottom quartile according to the PISA index of Socio-Economic Status
(ESCS). This will allow us to assess if part of the difference which is usually associated to the socio-economic
status could perhaps be explained by different teaching practices or teaching quality between the schools
these different students attend.

Figure 2 depicts the differences in average score and in the percentage of students achieving
proficiency level 2 or more between students at the top and the bottom of the ESCS distribution for the 12
considered countries. The size of the gap varies considerably between countries. For instance, in Azerbaijan
the difference in the average score for Science in 2006 among the two groups is not statistically significant
and in Indonesia is around 50 points, while in the Netherlands, Brazil or the United Kingdom the difference
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is above 90 points. In relative terms, the gap in scores for Science is above the 20% in a notable number of
countries: Jordania, Kirgizstan, Turkey, Thailand, Brazil, Mexico, and the Great Britain. For Reading,
differences between students are slightly lower but also quite heterogeneous among countries. The two
countries with lower differences are (again) Azerbaijan and Indonesia and the countries with higher
differences are Brazil, Great Britain and Kirgizstan, with differences above the 20%. If we focus on the gap
in the share of students above the proficiency level 2 between top and bottom students according to ESCS,
we can see that the difference in both Science and Reading is around 30 percentage points, although in
Russia, the Great Britain or in the Netherlands it is clearly smaller. The countries where differences are
higher are Brazil, Mexico, Thailand and Jordan. In the next sections, we try to identify which are the main
explanatory factors of these differences.

4.b. Factors explaining the gap in mean scores

Table 1 shows the results of estimating by Ordinary Least Squares the educational production function for
each of the 12 considered countries for Science in 2006 and Reading in 2009. These results have been
obtained working with the full sample and the only intention to look at these results is to provide a quick
look at the relevance of the different variables considered before we move to the analysis of the gap
between top and bottom students in terms of ESCS.

Looking at the results for both subjects, a relatively similar picture emerges, but with some notable
exceptions in relation to previous literature. Regarding individual variables, gender is relevant in most
cases, but with an opposite sign depending on the chosen subject: girls clearly outperform boys in Reading
but boys seem to be slightly better in Science. Age is positive and significant for some countries while
immigration, the use of a different language or family types different to the nuclear model have a negative
effect on educational outcomes. Finally, we find that students’ motivation has a positive and significant
effect in most countries. Moving to school characteristics, we find that rural schools have a negative and
significant effect in some countries. The results for other usual controls such as private or public schools,
the school size or the student ratio are not so clear. Our evidence shows no positive effects of the
introduction of computers in schools connected or not to the internet. Regarding the rest of characteristics
of the schools, no significant effect is found in nearly all cases. Separating students in terms of their
abilities, extra activities or additional autonomy of the schools seem to be not relevant to explain students’
educational outcomes in these countries. However, a different picture is found when we look at the last
block of variables related to teacher practices and teacher quality. In particular, when looking at the results
for Science in 2006, we found a positive effect of a higher interaction between students and teacher and
those activities oriented to show the applicability of science in real life. However, more practices or more
experiments do not seem to have positive effects. In fact, they seem to have a negative effect. A potential
explanation is that in order to do these activities, perhaps the number of class hours dedicated to theory
had to be lower. Moreover, PISA tests do not put too much emphasis of applications in relation to theory.
The results for Reading in 2009 show that disciplinary climate has a positive and significant effect on
educational outcomes in most countries. The effort of teachers in stimulating and motivating students in
Reading lessons also has a positive and significant effect. However, results are not conclusive regarding
teacher-student relations on students’ outcomes.
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The results of the Oaxaca-Blinder decomposition are shown in table 2 and figure 3. As we can see in
the table, the characteristics between the two considered groups of students explain around half of the
difference among them both in Science 2006 and Reading 2009 but results are quite heterogeneous among
countries.

In particular, and in relation to Science 2006, in Tunisia, Azerbaijan, Kirgizstan, Turkey, Indonesia,
Thailand, Brazil, Mexico and the Netherlands differences in characteristics account for more than half the
raw difference in scores between students in the top and bottom parts of the distribution according to the
ESCS. In Jordan, Russia and Great Britain, differences in characteristics are relevant, but only explain about
one third of the observed difference. For Reading 2009, the share explained by differences in
characteristics is lower, although for some countries such as Azerbaijan, Indonesia, Thailand, Brazil and
Mexico the contribution is still above the 50%. As in nearly all cases, the sign of the explained component is
negative, observed characteristics contribute to increase the gap in scores between both groups of
students. This means that if students with lower ESCS were identical in the observed characteristics to the
students with higher ESCS, a significant part of the observed gap in the scores will disappear.

When we decompose the “explained component” in terms of individual, school and teachers
characteristics, we find that individual characteristics have lower explanatory power than school and
teacher quality. School factors are the more relevant ones both for Science and Reading, but variables
related to teacher quality seem to be more relevant for Science than for Reading. In table 3 we show the
results of the detailed composition that permits us to identify most relevant factors behind the three
groups of variables. Regarding individual variables, interest in science is the most influential variable for
2006 data. For instance, in the Netherlands and the Great Britain around ten points of the observed gap
could be reduced if students at the bottom of the ESCS distribution had the same interest in Science than
students at the upper quartile. For Jordan and Turkey the reduction will be around five points while for
Azerbaijan, Indonesia and Mexico will be lower (between one and two points). Moving to 2009 data,
individual characteristics are less relevant to explain the gap in reading scores. The most influential
variables are gender and the family type. Attitude at school is also relevant for some countries: the
elimination of differences in attitude towards school between the two groups of students in Turkey and
Mexico would reduce the gap in more than 2 points. Moving to school characteristics, the most relevant
variables within this group are school size, school educational resources, activities to promote science and
extracurricular activities. School size is clearly the most influential variable within this group, particularly for
Reading scores in 2009. If differences in this variable between the two groups disappeared, the reduction of
the gap will be around 10 points in Tunisia, Russia, Thailand and the Netherlands. Regarding variables
related to teacher quality, the most relevant one when looking at Science scores in 2006 is teaching
applications in Science while for Reading scores in 2009 it is stimulus to read. In both cases, if both group of
students received the same stimulus from teachers, the gap will close in around 2 percentage points.

Last, it is worth mentioning that the rest of the gap, which is usually labelled as the “unexplained”
part is associated to the different effect of the considered variables on the educational outcomes. The
analysis of the detailed decomposition is not shown here but is available from the authors on request. The
results from this analysis show that between 80% and 90% of the differential effect of the explanatory
variables is associated to individual characteristics while school characteristics and teacher quality only
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have a minor role. This result is crucial as it shows that there are no differences on the “returns” to
educational resources between students at the top and bottom of the ESCS distribution.

4.c. Factors explaining the gap in the proportion of students to achieve minimum benchmark

Table 4 shows the results of estimating a probit model to explain the probability of students to achieve a
minimum benchmark in Science in 2006 and Reading in 2009. As in the previous section, these results have
been obtained working with the full sample and the only intention to look at these results is to provide a
quick look at the relevance of the different variables considered before we move to the analysis of the gap
between top and bottom students in terms of achieving a minimum benchmark.

Results are very similar to the ones already explained for scores in Science and Reading. Regarding
individual variables, gender is relevant in most cases, but with an opposite sign depending on the chosen
subject: as before, girls clearly outperform boys in Reading but boys seem to be slightly better in Science.
Age is positive and significant for some countries while immigration, the use of a different language or
family types different to the nuclear model has a negative effect. Students’ motivation also has a positive
effect on the probability of students to achieve the minimum benchmark in both subjects. Moving to school
characteristics, the evidence related to the relevance of some school characteristics and teacher practices is
less ambiguous than in the OLS estimations for the score: the student to teacher ratio and being in a rural
school have a negative and significant effect in most cases, whereas private schools and school size have
mainly a positive effect. As for teacher quality variables, a higher interaction between students and
teacher, activities oriented to show the applicability of science in real life, disciplinary climate and the effort
of teachers in stimulating and motivating students in reading lessons have a positive and significant effect.
However, a similar result is found in relation to more practices or more experiments, which do not seem to
have positive effects.

The results of the Yun decomposition are shown in table 5. As we can see in the table, the
characteristics between the two considered groups of students explain nearly all the difference among
them in several countries. The contribution of observed characteristics is, however, lower than for scores
although for some countries is still above the 60% of the gap. When looking at the contribution of
individual, school and teacher quality characteristics, schools are again the most relevant factor although
some variables related to teacher are also statistically significant. In particular, it is worth mentioning the
frequency of scientific investigations in 2006 and stimulus to read in 2009, although their contribution to
close the gap is below 1 percentage point in most countries.
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5. Final remarks

Our objective was to analyse the role of teacher and school quality to explain differences in
students’ educational outcomes. With this aim, we have used applied decomposition methods for 10
middle income and 2 high income countries in order to identify the main factors behind differences in
educational outcomes among students at the top and bottom distribution of socio-economic
characteristics. The obtained results have shown that school and teacher quality and better practices
matter even in different institutional settings and using different measures of educational outcomes. Table
7 summarises our main results on the impact of the different explanatory variables. We have found that
variables related to interest in Science, positive attitude at school, school size and better educational
resources, more activities to promote science and extracurricular activities together with teaching
applications in Science and a higher stimulus to read are factor that increase educational outcomes but also
help to close the gap between more favoured and less favoured students in terms of socio-economic
characteristics. From a policy perspective, this evidence supports actions addressed at improving both
factors, schools and teacher quality, in order to reduce cross-country differences but also between students
at the top and bottom distribution in terms of socio-economic characteristics.
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8. Annex

Table A.1. Variable definition (1/3)

Variable Definition

Educational outcomes

Score To facilitate the interpretation of the scores assigned to students in the Programme for
International Student Assessment (PISA), the PISA mean score for reading and scientific
literacy performance across OECD countries was set at 500 and the standard deviation at
100, with the data weighted so that each OECD country contributed equal.ly

Proficiency level 2 Science: At this level, students have adequate scientific knowledge to provide possible
explanations in familiar contexts or draw conclusions based on simple investigations.
They are capable of direct reasoning and making literal interpretations of the results of
scientific inquiry or technological problem solving.

Reading: Some tasks at this level require the reader to locate one or more pieces of
information, which may need to be inferred and may need to meet several conditions.
Others require recognising the main idea in a text, understanding relationships, or
construing meaning within a limited part of the text when the information is not
prominent and the reader must make low level inferences. Tasks at this level may involve
comparisons or contrasts based on a single feature in the text.

Individual variables:

Female Dummy variable: 1 if female, 0 if male

Age Age of student

Immigrant 1st gen. Dummy variable: 1 if first-generation students (those born outside the country of
assessment and whose parents were also born in another country), 0 if native students.

Immigrant 2nd gen. Dummy variable: 1 if second-generation students (those born in the country of
assessment but whose parents were born in another country), 0 if native students

Language Dummy variable: 1 if language at home is a different language than the language of
assessment, 0 if language at home is the same as the language of assessment

Familyl Dummy variable: 1 if single-parent family, 0 if two-parent family

Family 2 (only 2009) Dummy variable: 1 if other type of family, 0 if two-parent family

Intscie (only 2006) The index of general interest in science learning was derived from eight items (ST21Q01-
08) using students’ responses. Positive scores indicate higher levels of interest in learning
science.

Atschl (only 2009) The index of attitude towards school was derived from students’ level of agreement with

the statements in ST33. Higher values on this index indicate perception of a more positive
school climate.

School variables:

Rural Dummy variable: 1 if school localization is in a community with less than 15000 people, 0
if the community has more than 15000 people

Private Dummy variable: 1 if private school, 0 if public school

Schsize Number of girls and boys at a school

Stratio Student-teacher ratio was obtained by dividing the school size by the total number of
teachers.

Iratcomp The index of computer availability was derived from dividing the number of computers

available for educational purposes available to students in the modal grade for 15-year-
olds by the number of students in the modal grade for 15-year-olds

Compweb The index of computers connected to the Internet was derived from dividing the number
of computers for educational purposes available to students in the modal grade for 15-
year-olds that are connected to the web by the number of computers for educational
purposes available to students in the modal grade for 15-year-olds
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Table A.1. Variable definition (2/3)

Variable Definition

Groupedl Dummy variable: 1 if schools that group students by ability in all subjects, 0 if schools that
do not group students by ability in any subjects

Grouped?2 Dummy variable: 1 if schools that group students by ability for some, but not all, subjects,
0 if schools that do not group students by ability in any subjects

Scmatedu The index on the school’s educational resources was derived from seven items (2006:

SC14Q07-Q13, 2009: SC11Q07-Q13) measuring school principals’ perceptions of potential
factors hindering instruction at their school. Higher values on this index indicate better
quality of educational resources.

Sciprom (only 2006) School principals are asked to report what activities to promote students’ learning of
science occur at their school (5C20Q01-Q05). Positive scores indicate higher levels of
school activities in this area.

Excuract (only 2009) The index of extra-curricular activities was derived from school principals’ reports on
whether their schools offered the following activities to students in the national modal
grade for 15-year-olds in the academic year of the PISA assessment (SC13Q01-Q14).
Higher values on the index indicate higher levels of extra-curricular school activities.

Ldrshp (only 2009) The index of school principal’s leadership was derived from school principals’ responses
about the frequency with which they were involved in the following school affairs in the
previous school year (SC26). Higher values on this index indicate greater involvement of
school principals in school affairs.

Respcurr School principals were asked to report whether “principals”, “teachers”, “school
governing board”, “regional or local education authority”, or “national education
authority” has a considerable responsibility for some tasks (2006: SC11Q07, SC11Q10,
$C11Q11,SC11Q12, 2009: SC24Q07, SC24Q10, SC24Q11, SC24Q12. Positive values on this
index indicate relatively more responsibility for schools than local, regional or national
education authority

Respres School principals were asked to report whether “principals”, “teachers”, “school
governing board”, “regional or local education authority” or “national education
authority” has a considerable responsibility for some tasks (2006: SC11Q01-Q06, 2009:
SC24Q01-Q06). Positive values on this index indicate relatively more responsibility for
schools than local, regional or national education authority.

Selecl Dummy variable: 1 if schools considering at least one of these factors (SC19Q02-Q03) for
student admittance, O if schools where none of these factors is considered for student
admittance

Selec2 Dummy variable: 1 if schools giving high priority to at least one of these factors
(5€19Q02-Q03), 0 if schools where none of these factors is considered for student
admittance

Selec3 (only 2006) Dummy variable: 1 if schools where at least one of these factors (SC19Q02-Q03) is a pre-
requisite for student admittance, 0 if schools where none of these factors is considered
for student admittance

Selecl Dummy variable: 1 if schools where at least one of these two factors (SC19Q02-Q03) is
“always” considered for student admittance, 0 if schools where these two factors are
“never” considered for student admittance

Selec2 (only 2009) Dummy variable: 1 if schools considering at least one of these two factors (SC19Q02-Q03)
“sometimes” but neither factor “always”, 0 if schools where these two factors are “never”
considered for student admittance
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Table A.1. Variable definition (3/3)

Variable Definition

Teacher variables:

Scintact (only 2006) Four items (ST34Q01, ST34Q05, ST34Q09, ST34Q13) measuring student’s reports on the
frequency of interactive teaching in science lessons. Positive scores on this index indicate
higher frequencies of interactive science teaching.

Schands (only 2006) Four items (ST34Q02, ST34Q03, ST34Q06, ST34Q14) measuring students’ reports on the
frequency of hands-on activities in science lessons. Positive scores on this index indicate
higher frequencies of this type of science teaching.

Scinvest (only 2006) Three items (ST34Q08, ST34Q11, ST34Q16) measuring students’ reports on the frequency
of student investigations in science lessons. Positive scores on this index indicate
perceived higher frequencies of this type of science teaching.

Scapply (only 2006) Four items (ST34Q07, ST34Q12, ST34Q15, ST34Q17) measuring students’ reports on the
frequency of teaching in science lessons with a focus on applications. Positive scores on
this index indicate higher frequencies of this type of science teaching.

Studrel (only 2009) The index of teacher-student relations was derived from students’ level of agreement
with the statements ST34. Higher values on this index indicate positive teacher-student
relations.

Disclima (only 2009) The index of disciplinary climate was derived from students’ reports on how often the

followings happened in their lessons of the language of instruction (ST36). Higher values
on this index indicate a better disciplinary climate.

Stim1 (only 2009) Dummy variable: 1 if student answered “in most lessons” or “in all lessons” to the item
Q37_a “the teacher asks students to explain the meaning of a text”, 0 if student answered
“Never or hardly ever” or “in some lessons”.

Motiv7 (only 2009) Dummy variable: 1 if student answered “in most lessons” or “in all lessons” to the item
Q38_g “the teacher gives students the chance to ask questions about the reading
assignment”, 0 if student answered “Never or hardly ever” or “in some lessons”.
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