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Like in (7), the second part of this expression, which represents the gap for the common 

support subpopulation, can again be disentangled into t hree parts. Therefore, the whole gap 

1:1 is disentangled into five parts, i.e. 

1:1 = 6.1 + t1c + t1r· + t1cr + t1o (10) 

Additionally to t he characteristics, return and interaction effect, we get two terms which 

make up the part of the gap that can be explained by differences between two groups of 

pupils from the countries, those whose characteristics can be matched to pupils from the other 

country and those who cannot . Using this method for decomposing PISA test score gaps, it is 

ensured that we look separately at those individuals who actually have comparable background 

characteristics and those who do not . Each of the five components of the total gap can be 

interpreted as follows: 

• 1:11 represents t he gap in test scores that can be explained by differences between those 

students from the better performing country who can be matched to students from the 

other country and those who remain out of the common support, weighted by the empirical 

fraction of those who are out of common support from the better performing country. A 

positive value of the gap indicates that t he students from the better performing country, 

who are out-of-support, perform better than their counterparts, who are on the common 

support. 

• 1:10 describes the gap in test scores that can be explained by differences between those 

students from the worse performing country who cannot be matched and those ·who are on 

the common support, weighted by t he empirical fract ion of those who are out of common 

support from the worse performing country. 

• t1c, t1r and t1cr represent t he characteristics, return and interaction effect computed only 

for the common support subpopulation and were described above. 

Compared to t he parametric Blinder-Oaxaca decomposition, t he approach applied here 

differs in the following aspects. The regression function is not specified as linear and the 

counterfactual scores are simulated only for the common support subpopulation. In t he case 
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of Blinder-Oaxaca, the regressions are performed for all students, extrapolating the validity of 

the counterfactuals also for those individuals out of the common support. 

Since we estimate the effects for every individual, another advantage of the semiparamteric 

approach is that we can decompose the test score gap for the common support subpopulation 

at different quantiles T. Therefore, ""e estimate the three parts as follows: 

,6.~ = Fv-;;fo=I,s(T) - Fv-;;fo=o,s(T) 

,6.;. = Fv-;:fn=o,s(T) - Fv-;;fn=o,s(T) 

,6.T _ p-1 (T) _ p-1 (T) 
er - yliD=l,S yO ID=l,S 

p-1 ( ) p-1 ( ) 
- y 1 ID=O,S T + y0 ID=O,S T 

,6.$ = ,6.; + ,6.;. + ,6.;"'. = Fv-;:fD=I,s(T)- Fv-;;fn=o,s(T) 

(11) 

(12) 

(13) 

(14) 

The adjusted quantiles are obtained indirectly via inverting the adjusted distribution functions. 

4 D ata 

The following analysis is based on data from PISA 2006. PISA assesses the achievement of 

15-year-olds in mathematics, reading and science literacy. Apart from test scores, data on 

pupils' social and cultural background were collected as well as information about the school 

environment of students OECD (2007). 

The data contain information on more than 35 000 students and more than 2000 schools. 

For comparison reasons, the scores have been standardized to a mean of 500 and a standard 

deviation of 100. Our sample consists of data from Finland and seven Eastern European coun­

tries: Estonia, Czech Republic, Hungary, Romania, Bulgaria, Latvia and Slovakia. A general 

description of the variables used in this study is given in Table (A.1). Since the performance 

of the immigrants from the first-generation could also reflect the influence of other school sys­

tems than the one they currently attend, we decide to drop these students from the samples. 

Moreover, the share of first generation immigrants is quite different for the countries in our 

sample. 

[Table (A.l) about here] 

Having to deal with a high volume of data, the problem of missing data in PISA study 

is inevitable. As Ammermi.iller (2007) noted, dropping individuals with missing information 

could lead to an upward bias in test scores, since the missing data are not missing at random, 

being predominant among students who have low test scores. One solution to overcoming this 

problem is to predict the values of these data using the complete information available from all 

students. Thus, we decide to impute all the missing values by applying a met hod suggested by 

\.Vossmann, Li.idemann, Schi.itz, and West (2009) . 

Table (A.2) presents the weighted means and standard deviations for the variables used in 

our study. 
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[Table (A.2) about here] 

To apply propensity score matching, we only use data at the individual level. These include 

measures for the students' characteristics (age, gender and grade) and for family background 

(number of books at home, parents' education). Furthermore, these variables are commonly 

used to measure the (in)equality of educational opportunities (\iVossmann (2008), Schtitz, Ur­

sprung, and vVossmann (2008), Martins and Veiga (2010)) . From these indicators, the number 

of books is the most important measure of family background, which best predicts t he student 

performance (Wossmann (2003), Fuchs and \iVossmann (2007), vVossmann (2008)) . There­

fore, we expect that the differences in these observable characteristics of t he students from 

different countries explain the gap in their school performance being confident that the mean 

independence assumption holds in our analysis. 

According to Schi.itz, Ursprung, and vVossmann (2008), there is a high variation across 

school systems as to what extent they achieve equal opportunities for children from different 

family backgrounds. Their results, as well as those from PISA OECD (2007), confirm the fact 

that from Europe, Finland has t he most equitable school system. Using these variables t hat 

describe the family background and which are important determinants of school performance 

to match the Finnish students with those from countries from Eastern Europe, we can regard 

the differences in school performance in such matched groups as unexplained by individual and 

background characteristics. In this way, we intend to measure precisely how much of the total 

gap to Finland can be explained by differences in the dist ribut ions of observable individual 

characteristics and how much can be explained by other factors, such as school resources and 

different institutional features of the school system. 

vVe decide not to include school variables in obtaining the propensity score for the following 

two main reasons. First of all, the matches become poor when including school or country 

variables. Secondly, by matching on individual characteristics, the resulting estimate of the 

counterfactual outcome represents the conditional probability that an individual with propen­

sity score p would, for example, attend a comprehensive school, a private school or a class with 

less than 20 pupils. To our understanding, this is of interest and not what an individual would 

have in the other country if he/ she would attend exactly the school type and class design he/ she 

attends in his/ her home country. 

The descriptive statistics reported in Table (A.2) show some differences in observable char­

acteristics between students from different countries. Looking at the grade in which students 

are, reveals the fact that in Finland, Estonia and Latvia most of the students from the sample 

are in the gth grade and the percentage of those being in the lOth or 11th class is below 3 percent. 

In Czech and Slovak Republic most of t he students are in the lOth grade and in Estonia, more 

than a quarter of the students are in 8th grade, while in Bulgaria, Czech and Slovak Republic 

the percentage is below 7. Regarding the number of books, more than a third of students from 

Bulgaria and Romania have less than 50 books at home, while t he corresponding percentage 

in the other countries is between 16 and 20. In all countries, the parents are well educated, 

but some differences can still be noticed. In Finland, the majority of the parents have a ter-
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tiary education whereas the majority in the Eastern European countries have upper secondary 

education. Among the Eastern European countries, the parents in Czech and Slovak Republic 

are best educated. In both countries, more than 75 percent of the students have parents who 

completed upper secondary education. 

As mentioned before, we mainly analyze the gap in school performance between Finland and 

countries from Eastern Europe in this paper. According to data from Table (A.2), the range of 

differences in test scores is very large: between 152 points (Finland - Romania in reading) and 

32 points (Finland - Estonia in science) . Also the spread of the test scores in countries from 

Eastern Europe is very different: higher in Bulgaria and in Czech Republic, lower in Estonia, 

Latvia and Romania. 

Regarding the differences in the supports, we present in Table (A.3) the fractions of indi­

viduals, whose combinations of age, gender, grade, number of books and parents' education 

cannot be matched. 

[Table (A.3) about here] 

It can be seen that for 14 of the 18 cases less than 3 percent of the students are out of the 

common support. Nevertheless, for t he decompositions between Finland and Hungary, Bulgaria, 

Czech as well as Slovak Republic, 15.39% to 54.84% of t he students cannot be matched with 

pupils from Finland.4 In all country comparisons at least 97.74% of Finnish students are on 

the common support and t herefore as comparison units available. 

5 E stimation R esults 

To estimate the different components of the PISA test score gap, we include all individual 

variables explained above. Since the estimation results are similar for math and science from 

the point of view of the magnitude and sign effects, we only report the science results. All 

of our decompositions are formulated from the point of view of the worse performing country 

(D = 0) . 

R esults for the D ecompositions of the Science score ga ps b etween Finland and 

E aster n E uropean countr ies 

Table (A.4) shows the results of the semiparametric decompositions for t he science P ISA test 

scores between Finland and seven Eastern European countries. 

[Table (A.4) about here] 

The first striking result is t hat, for all seven countries, the return effect is significantly 

positive and the effect with the largest magnitude. This indicates that, given their average 

4The reason for these shares is that, in these countries, the fraction of those in grade 10 or 11 is relatively 

high, whereas this number is nearly zero in Finland. This leads to an almost perfect predictor in the logit 

regression and, therefore, to more propensity scores out of the common support. 
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characteristics, the students from each of the seven Eastern European countries would have on 

average higher test scores in science if they attended the Finnish school system. Particularly the 

pupils from Bulgaria and Romania would profit from a such school system; making it possible 

to increase their score in science by more than 100 points on average. 

The characteristics effect is smaller in magnitude and only significant for six country com­

parisons. The characteristics effect is not significantly different from zero between Finland and 

Czech Republic. It is positive for four countries. This reveals t hat t he Finnish students tend to 

have slightly more favorable characteristics than the students from Eastern European countries 

on average. Only when we compare Finland with Hungary and Slovak Republic are the stu­

dents' characteristics from these two worse performing countries actually more advantageous 

than the characteristics of the Finnish students. In these cases, the interaction effect is also high 

relative to the corresponding total gap, showing that the gap would be smaller if the Finnish 

students had not the advantage of being better endo·wed with those characteristics which are 

also better rewarded by the Finnish school system compared to the other school system. 

Analyzing the values of D-0 , we notice that t he differences in the average test scores between 

those who are on the common support and those who are out of the common support is 

significantly different from zero only for the comparison of Finland with the Czech Republic and 

Hungary. In these cases, this effect matters even more than the differences in the characteristics 

for explaining the total gap. The negative values of D-0 show that the students from the worse 

performing countries ·who are out of the common support score significantly higher in the PISA 

science test score than those who are on the common support. This negative effect can again 

be explained by the fact that, in these countries, ·we obtained a sizeable share of pupils in grade 

10 or 11. As described before, those pupils are more likely to be out of common support but, 

since they are older (e.g. had more schooling), their scores are on average higher in the PISA 

tests. The magnitude of D-1 on the other hand is negligible and insignificant in all cases. 

The result of t he comparison between Finland and the Czech Republic also illustrates the 

importance of controlling for those who are out of the common support. If we would have 

looked at the common support subpopulation only, the gap in the average science test score 

would be 67.86 instead of 51.35 and therefore over 30% larger than the actual gap of the whole 

sample. 

All in all and under our identifying assumption, our estimation results suggest that the 

higher average score in science in Finland is mainly due to the fact that the Finnish school 

system is more efficient in transforming the given inputs into PISA test score points. 

R esults for t h e Decompositions of the R eading score gaps b etween Finla nd and 

East ern E urop ean countries 

Table (A.5) contains the results for the PISA reading scores. 

[Table (A.5) about here] 
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It can be seen that , except for the comparison of Finland and Latvia, the gaps for reading 

scores are larger than the gaps for the science results. Moreover, the results yield more or less 

the same interpretation as the results for the PISA science test scores. Again, all return effects 

are significantly positive and by far the largest in magnitude in explaining the majority part 

of the gap. Like in the decomposition of the science test scores, t he characteristics effect are 

only negative for Hungary and Slovak Republic. For the other five countries, t he characteristics 

effect is positive indicating that, on average, the Finnish students are slight[y better endowed 

with more favorable characteristics or less endowed ·with less favorable characteristics. For the 

reading scores, four of the interaction effects are significantly different from zero. All of them 

are positive and suggest that t he Finnish students have a slight advantage due to t he fact t hat 

they are better endowed with those characteristics that also yield a higher return in Finland. 

The values for ~1 are again all around zero and insignificantly different from zero. Like for the 

PISA science test score gap, the values of ~0 are significantly negative for Hungary as well as 

the Czech and Slovak Republic, indicating again that the students from those countries, who 

cannot be matched with Finnish students, score on average higher in the P ISA reading test 

than their counterparts who can be matched. As before, we attribute this to the fact that those 

who are out of the common support obtained more schooling by the time of the test . 

R esults for t he Decomposit ions of t h e Science and R eading score gaps among East­

ern European countries 

As indicated before, the results from PISA study show that there is a significant variation in 

the performance, not only between Finland and Eastern European countries, but also between 

countries from Eastern Europe, which shared the same educational system for decades. vVe refer 

here to Czech and Slovak Republic as well as Estonia and Latvia. Since each pair of countries 

also share a common history with respect to their religion, culture and the influence of other 

countries, we expect them to be more similar than the students in the previous decompositions. 

Given these considerations, it is interesting to have a look at the gap of each of these two pair 

of countries that were more common twenty years ago but have developed differently since the 

early 1990's, in order to explain their different evolution over time in terms of test scores at 

PISA study. The decomposition results are presented in Tables (A.6) and (A.7). 

[Table (A.6) about here] 

[Table (A.7) about here] 

As we expected, t he characteristics effects are not significantly different from zero in both 

cases, indicating that the distributions of the individual propensity scores are very similar in 

each of these two pair of countries. 

In both cases, almost the whole gap can be explained by the return effect. While for the 

decomposition gap between Estonia and Latvia the interaction effect is very small and insignif­

icant, in case of Czech and Slovak Republic t he magnitude of t his effect is not negligible and 
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works in favor of Slovak students. Even if the students from Czech Republic have the advantage 

of higher returns, they are less endowed with those characteristics that are better rewarded by 

their school system than by the Slovak system or more endowed with those characteristics that 

are better rewarded by the Slovak school system, as reflec ted by the negative values of the 

interaction effects. 

Due to the similar distribution of the propensity score, the matching procedure works well 

for all individuals from the two compared countries. As can be seen in Table for more than 

99.73% comparison units are available. This result also explains the fact that ~1 and ~0 have 

no contribution in explaining the total gap. 

Results for the Semiparametric Decompositions of the Science and Reading score 

gaps at differ ent quantiles 

In this part we will focus on the gaps of the PISA test score at different quantiles instead of 

the mean. 

Table (A.8) presents the results for the science test scores, showing that the distributions 

of the gaps are quite different for various country comparisons. 

[Table (A.8) about here] 

The course of t he total gap shows different patterns. For some countries' comparisons 

(Finland-Estonia, Finland-Hungary and Finland-Romania) , it increases in t he lower part of t he 

distribution up to 25th or 50th percentile and then decreases more or less for the rest part of the 

distribution. When we compare Finland-Czech Republic and Finland-Bulgaria the total gap 

in science is the highest for the first percentile (p5) and then decreases steadily until the last 

percentile (p95). The opposite pattern is found in the case of Czech-Slovak Republic, where the 

total gap is the smallest at t he first percentile (p5) and t hen increases steadily along the whole 

distribution. The decomposition results for Finland-Estonia and Finland-Latvia show that the 

total gap is relatively stable along the distribution. 

Looking at the evolution of the characteristics effect at different quantiles, it can be noticed 

that, in all nine cases, the effect is negative for at least the last two quantiles. This reveals 

that for the high performing students, the characteristics of the students from worse performing 

countries are in fact more advantageous than those of the students from the better performing 

country. From the median to the lowest part of the distribution, the characteristics effect 

increases steadily in most cases (except for Finland-Czech Republic and Finland-Hungary), 

showing that the weaker students perform, the more disadvantageous are their characteristics 

relative to those of t he students from Finland, at the respect ive percentile. 

In all nine decompositions, the return effect decreases over the whole distribution. Except 

for the decomposition between Finland and Romania, the return effect even becomes negative 

at t he 95% quant ile. These results reveal the fact that, for weaker students, the respective 

school system in Eastern Europe is less able to convert the endowments of the students into a 

good performance compared to the school system of the better performing country. In other 
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words, these students, given their characteristics, would perform better in science if they would 

attend the other school system. For high performing students this is different. For t hem, 

their school systems better succeed in transforming the students' characteristics into a good 

educational achievement, t han could the reference school systems of the better performing 

countries. These results show that t hose countries who are better performing on average (e.g. 

in our decompositions Finland, Estonia and Czech) are better because they are better able to 

convert the given characteristics of the poor performing students into relatively high scores and 

not because they get the best out of the very good performing students. 

The interaction effect increases steadily, being positive from about the 75 percent quantile 

upwards. The magnitude of this effect is very high, having a great influence on t he total gap 

size at each quantile. At the lower part of the test score distribution, we observe the same 

pattern: The characteristics and return effects are generally positive, while t he interaction ef­

fect is always negative. This result shows that the total gap at these quantiles would have 

been higher if the students from the better performing country would not be less endo·wed with 

those characteristics that are better rewarded by their school system as by the less performing 

system. Looking at the upper quantile, we notice that even if the characteristics and return 

effects are negative, the total gap turns positive due to the magnitude of the interaction effects. 

It thus shows, t hat, even if t he characteristics of the students from the worse performing coun­

tries are more advantageous and the school system, that they attend, succeeds in transforming 

these characteristics into a good school performance, the advantage of the students from the 

better performing country is much higher, as reflected by the sign and magnitude of the inter­

action effect. These students are better endowed with those characteristics that are also better 

re'vvarded by their school system, generating higher test scores. 

Table (A.9) displays the decomposition of the gaps at different quantiles for the reading test 

score. 

[Table (A.9) about here] 

Compared to t he results presented above for the science test score gaps, the decompositions 

at different quantiles for the reading score reveal significant differences. On the one hand, t he 

total gap in reading is smaller than the total gap in science at the upper part , and much higher 

at the lower part of the distribution. On the other hand, the differences in gaps between the 

two extremes of the distribution (p5-p95 ) are higher for the reading as for the science test score. 

Thus, these results show that t here is a. higher heterogeneity in students' performance not only 

between students from different countries at the respective percentile, but also along the same 

distribution of the reading test scores. 

Compared to the science test scores gap, the course of the total gap in reading test scores 

is the same for all country comparisons between Finland and the seven Eastern European 

countries. For all these countries, the gap is decreasing from the first percentile to the end of 

upper part of t he distribution. This result gives further insight as to why the Finnish students 

perform best in the PISA 2006 study. The Finnish school achieves that the poor performing 

students perform much better than the poor performing students of the other countries. If we 
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look at the comparison bet·ween Estonia and Latvia, as well as, Czech and Slovak Republic, we 

find this pattern only for the first pair. In the case of Czech and Slovak Republic, the total gap 

is smallest in the lovver part of the distribution and then increases steadily. 

The characteristics effect decreases steadily from the first to the last percentile. As in the 

case of the science score gaps, the effect is negative only at the upper part of the distribution. 

The course of the return effect for reading is similar to the return effect in science test score, 

with the distinction that it remains positive, not only when we compare the test scores between 

Finland and Romania, but also in the case of Finland-Bulgaria. The Romanian and Bulgarian 

school systems are less efficient in transforming the advantage that the best performing students 

are better endowed into higher test scores. Compared to the other Eastern European countries, 

which achieve higher returns in the upper part of the distribution than Finland, they are still less 

efficient than the Finnish school system. Like in the science test score results, the interaction 

effect increases steadily, being here positive from about the 75 percent quantile upwards. 

6 Understanding the unexplained part of test score gap 

As our results sho·w, the unexplained part is the largest in explaining the total test score gap. 

Therefore, we show that the individual characteristics we use to estimate the propensity score 

are not the main driving force of the differences in PISA test scores, e.g. evidence is provided 

that those from the better performing country are not just better endowed with more favorable 

characteristics. Even though this result contributes to understanding the differences in school 

performance, it does not provide information about what makes the difference. One possibility 

is to include further institutional and country specific variables, but, as this would add almost 

perfect predictors to the estimation of the propensity score, the matching procedure would no 

longer appropriate since the common support area would shrink. 

\rVe do not think that controlling for these covariates would be appropriate, not only from a 

methodical standpoint. Let's consider that enough comparison units exists. If we ·would then 

control for a certain school type, for example, those comparison units who are in the same 

school type would be more likely to form the counterfactual outcome. Nevertheless, it might 

be that, given his/ her characteristics, this individual would not participate in this school type 

in the other country but would be much more likely to visit another school type. If we match 

only on the basis of individual characteristics, this conditional probabi li ty is reflected in the 

obtained counterfactual outcome. 

If our identifying assumption about the mean independence holds, there are no other in­

dividual confounders than those used to construct the propensity score. In this case, the 

unexplained part is not due to unobserved individual characteristics and can be attributed to 

the different school system. This section, therefore, is intended to provide a better insight into 

the unexplained part of the gap. 

According to the economic literature on educational achievement, other factors that influ­

ence the difference in test scores are institutional features of the school system, such as different 

accountability measures, school autonomy, school tracking, and school inputs such as class size, 
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shortage of materials, school location, teacher education and instruction time. Thus, in order 

to understand the magnitude of the unexplained part of the test score gap we should take 

a closer look at different characteristics of the school systems considered in this study. This 

comparative and descriptive approach also aims to provide an explicit view why ·we did not 

include such variables in our matching procedure. 'vVe refer here to different aspects regarding 

the design of the school systems, such as, the existence or nonexistence of certain educational 

policies, the timing of implementation of certain measures designed to have long term effects 

and other issues, more or less adjacent to the educational act, which generally affects the quality 

of certain features of the educational system. 

As mentioned before, in the case of Eastern European countries, the most important institu­

tional features that have proven to affect school outcomes (\iVossmann, Liidemann, Schiitz, and 

\iVest (2009), Hanushek and \Vossmann (2010)), were also those that have undergone numerous 

reforms in educational policies over the past 20 years. One of these institutional features is 

school autonomy. Wossmann, Liidemann, Schiitz, and \iVest (2009) show that students per­

form better in schools that have autonomy in hiring teachers, in budget allocation as well as in 

choosing school textbooks and teaching methods. In Table (A.10), we look whether the schools 

have autonomy with respect to hiring teachers, operating expenditures, content of the compul­

sory minimum curriculum, t he curricular content of optional subjects, the choice of teaching 

method, the choice of school textbooks, criteria for internal assessment of pupils and the deci­

sion whether pupils should repeat a class. As can be seen, the four best performing countries 

in our sample are also those who have at least limited autonomy in all eight categories. By 

comparison, we see that in Bulgaria and Romania, the school autonomy had not even been 

implemented in 2005, the t ime when the PISA data collection for 2006 took place which might 

explain a part of the large unexplained gap between Finland and these countries. 

[Table (A.10) about here] 

If we look at Estonia and Latvia, the unexplained gap can further be due to the fact that in 

Estonia, for example, the autonomy in choosing school textbooks has a long tradition. Even 

before 1990, Estonia refused to use teaching materials from other countries as the other Baltic 

states did, preferring to teach from textbooks written by Estonian authors. \iVe, therefore, 

could presume that increasing the decision-making power regarding hiring teachers, operating 

expenditures with salaries and choice of textbooks will have a positive impact on the school 

performance of students from the ·worse performing countries and especially for those from 

Bulgaria and Romania. However, this follows only from the descriptive part. As Wossmann, 

Liidemann, Schiitz, and West (2009) show, a positive association between school autonomy 

and student achievement is not automatically guaranteed, especially then when a high degree 

of asymmetric information on school's interests generates incentives for opportunistic behavior. 

\iVe expect to find such behavior in countries (like in Bulgaria and Romania), where the quality 

of institutions (including schools) is affected by corruption which, in turn, determines an unpro­

ductive use of schooling Rogers (2008) . According to Wossmann, Liidemann, Schiitz, and West 
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(2009), the opportunistic behavior within schools can be controlled in those systems, where 

external exams are implemented. Thus, monitoring schools and student performance through 

examinations organized by external authorities, the positive impact of school autonomy on 

student achievement counteracts the negative effect of the opportunistic behavior. 

Table (A.ll) shows measures of the accountability of the school system for the countries 

in our sample and reveals that the three least successful countries are those in which external 

evaluation was implemented after 2000. 

[Table (A.ll) about here] 

Another impact of the implementation of external examination is the indirect pressure 

exerted on teachers and schools, whose performance is also evaluated in terms of results at 

these tests. This creates a huge demand for investment in teacher training, especially in those 

countries where the course contents must be changed and adapted to the new requirements. 

Table (A.10) shows that the in-service training for teachers is compulsory in all countries except 

the Slovak Republic. Therefore, we cannot state any association between the in-service training 

for teachers and the PISA test scores. Moreover, the effectiveness of these programs depends 

entirely on their quality and on the way they cover the demand of training needed. Ho·wever, 

most of these in-service trainings in countries from Eastern Europe are still old-fashioned, being 

organized within schools which are not fully reformed and which still feature many traits of the 

old system Rad6 (2001). 

Moreover, there are some differences between the unexplained gaps and some different quan­

titative patterns can be obtained. ·when we compare Estonia and Latvia, Czech and Slovak 

Republic, as well as, Finland with Hungary or Czech Republic, the unexplained gap, both in 

science and reading scores, is higher than the whole gap. Similarly, this is the case if we com­

pare Finland and Slovak Republic in reading scores. If the unexplained part is larger than the 

whole gap, it can either reflect the fact that the students from the worse performing country, 

who cannot be matched, obtain higher scores than their counterparts who are on the common 

support (as in the case of Finland - Czech Republic, for example). In this case, 6.0 is negative 

and the differences in distributions of the individual characteristics literally do not explain any 

of the total gap in the test scores. Alternatively, such a result can reflect more advantageous 

individual and background characteristics of the students from the worse performing country 

compared to Finnish students or it can be an interaction of these two effects. This is the case 

for the comparison of Finland and Hungary, for example. Here 6.c and 6.0 are both significantly 

negative and, therefore, the total gap is smaller than the unexplained part. In all these cases, 

the students from the worse performing country who belong to the common support subpopu­

lation would, on average, even outperform the students from the better performing country if 

they would attend their school system. 

Looking at the magnitude of the unexplained gap along the percentiles, we notice the 

same pattern for science and reading scores: This part of the gap is higher at the lower end 

of the test score distributions and then decreases steadily towards the upper end of the test 

scores distributions. Comparing to the total gap, in the case of worse performing students, 
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the unexplained part of the gap surpasses the total gap at the respective quantile. Among 

the best performing students, the unexplained gap decreases and it is even smaller in absolute 

terms than the corresponding total gap, thus showing that, at the upper percentiles of the test 

scores, the differences in distributions of the individual and background characteristics explain 

the total gap more than the unexplained gap. 

7 Conclusion 

The countries from Eastern Europe have gone through periods of transition, characterized by 

a continuous reforming of the educational system, over the last 20 years . The aim of these 

reforms was to adapt the school system to the educational standards of western Europe, as well 

as, to the new labor market requirements. 

This paper analyzes the differences in PISA test scores between these countries and Finland, 

which is considered to have the most efficient and equitable educational system in Europe, as 

well as the differences between countries, which had similar educational systems 20 years ago. 

Understanding the test score differences is of huge importance, since it allows improving the 

school systems and, therefore, directly provides relevant information with respect to educational 

policies. Thus, we contribute to the literature by showing where the difference in PISA test 

scores between Eastern European countries and Finland, the best performing country in the 

PISA 2006 study, as ·well as among Eastern European countries come from. 

Moreover, ·we contribute to the literature by introducing a semiparametric matching pro­

cedure into the educational literature. To decompose the gap in test scores, we use a method 

which is based on an approach proposed by Frolich (2007), who uses propensity score matching 

to compute the counterfactual outcome. To account for differences in the supports we further 

follow the procedure developed by Nopo (2008). Such a method relaxes the functional form 

assumptions of the usual Blinder-Oaxaca decomposition, often used to decompose the gap in 

school performance, and illustrates the need to look at those individuals who have actually 

comparable background characteristics and those who do not separately. In this paper we 

extend this procedure to estimate a threefold decomposition. 

Applying this method in decomposing the gaps in PISA test scores provides interesting 

insights. We provide evidence that only a small part of the gap can be attributed to the fact 

that the Finnish students are better endowed with more favorable individual characteristics. 

The main part of the gap still remains after controlling for the individual background. If 

our identifying assumption of mean independence holds, this remaining part of the gap is 

an estimate of the potential gain the Eastern European students could obtain if they ·would 

participate in the Finnish school system, or alternatively of their school system could approach 

the Finnish one. The students from South Eastern Europe are those who have the largest 

potential outcome increase if they would attend a school system similar to tlhe Finnish one. 

Estonia, the country which already adapted its school system to the Finnish school system 

more than any other country in our sample, would gain the least if they would adapt further 

to the Finnish school system. Estonia not only performs best out of our Eastern European 
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countries but also among the best of all participating countries. 

If we take a closer look at the distribution of the test score gaps in the science and reading 

test score gap betvveen each pair of the countries, we find that only for the comparison of the 

science scores in Finland and Romania does the gap increase from the 5% quantile to the 95% 

quantile. If we look at the science test score gap between Finland and the Baltic Republics , 

we notice that the gap is more or less constant throughout the distribution. The striking 

finding is that in 11 out of 14 comparisons, the gap decreases from the 5% quantile to the 

95% quantile. This result clearly shows that the Finnish students are not, on average, the best 

performing country because they manage to get the high performers to score better than the 

high performers of the other countries but because their school system manages to have their 

weakest students perform better than the weak students of the other countries. This clearly 

points to very important policy advice to the Eastern European educational system; namely, 

that they should not focus on the elite but rather on the weakest. Especially protruding is this 

observation, if we look at the distribution of the reading test scores where in all seven cases, 

the gap is decreasing from the 5% to the 95% quantile. 

Moreover, our paper exploits the fact that some Eastern European countries have had a 

very similar school system 20 years ago. Estonia and Latvia both belonged to the Soviet Union 

and share a similar history and the Czech and Slovak Republic composed Czechoslovakia until 

1992. This provides us with a situation similar to a natural experiment. In both cases, the 

countries started from a very similar point but t hen developed differently over the past years. 

For these countries, we do not find any differences in individual characteristics such that the 

whole gap is due to the differences in the educational systems. For both countries we even find 

that the students from the country that score worse, on average, would even outperform the 

students from the better performing country if all would attend the same school system. This 

result holds independent of the subject. 

If we look at the distribution of the gap, we find that it stays constant if we compare the 

science test score between Estonia and Latvia, whereas it is decreasing if ·we focus on the reading 

score. This indicates that, concerning reading, t he poor performing Estonian students perform 

better than the poor performing Latvia students, whereas the better performing students score 

closer together in the two countries. Compared to that, we find that t he gap is increasing over 

the distribution for both subjects if we compare the Czech Republic to Slovakia. Hence, this 

is the only pair of countries where the better performing country scores higher due to the fact 

that the best performing students perform much better than the best performing students of 

the worse performing country and the weak performing students from the better performing 

country perform only slightly better than the weak performing students from the other country. 

References 

OPO, H. (2008): "Matching as a Tool to Decompose Wage Gaps," Review of Economics and 

Statistics, 90(2), 290- 299. 

20 



AMMERMULLER, A. (2007): "PISA: what makes the difference?," Empirical Economics, 33(2), 

263- 287. 

AMMERMULLER, A., H. HEIJKE, AND L. W6SSMANN (2005): "Schooling quality in Eastern 

Europe: Educational production during transition," Economics of Education Review, 24(5), 

579- 599. 

BARSKY, R. , J. BOUND, K. CHARLES, AND J. LUPTON (2002): "Accounting for the Black­

VJ'hite \1\lealth Gap: A Ionparametric Approach," Journal of the American Statistical Asso­

ciation, 97, 663- 673. 

BEIRNE, J. , AND N. F. CAMPOS (2007) : "Educational inputs and outcomes before the transi­

tion from communism," The Economics of Transition, 15(1) , 57- 76. 

BJ0RNSKOV, C ., AND N. POTRAFKE (2011): "Politics and Privatization in Central and Eastern 

Europe: A Panel Data Analysis," The Economics of Transition, 19(2) , 201- 230. 

BLINDER, A . (1973): "VVage discrimination: reduced form and structural estimates," Journal 

of Human Resources, 8(4), 436- 455. 

CARD, D., AND J. ROTHSTEIN (2007): "Racial segregation and the black-white test score gap," 

Journal of Public Economics, 91(11-12) , 2158- 2184. 

CERYCH, L. (1997) : "Educational Reforms in Central and Eastern Europe: processes and 

outcomes," European Jour-nal of Education, 32(1), 75- 96. 

DUNCAN, K . C., AND J. SANDY (2007) : "Explaining the Performance Gap Between Public 

and Private School Students," Eastern Economic Journal, 33(2), 177- 191. 

EURYDICE (2007) : "School Autonomy in Europe. Policies and Measures," European Comission, 

Brussels. 

(2008): "Levels of Autonomy and Responsibilities of Teachers in Europe," European 

Comission, Brussels. 

(2009): "National Testing of Pupils in Europe: Objectives, Organisation and Use of 

Results," Eur-opean Comission, Brussels. 

FLABBI, L ., S. PATERNOSTRO, AND E . R . TIONGSON (2008) : "Returns to education in the 

economic transition: A systematic assessment using comparable data," Economics of Edu­

cation Review, 27(6), 724- 740. 

FORTIN, N., T. LEMIEUX, AND S. FIRPO (2010): Decomposition Methods in Economics, Hand­

book of Labour Economics, Vol. 4A, 1-102, 0. Ashenfelter and D. Card (eds.), Amsterdam: 

North-Holland. 

21 



FROLICH, M. (2004): "Finite-sample properties of propensity-score matching and weighting 

estimators," Review of Economics and Statistics, 86(1) , 77- 90. 

FROLICH, M. (2007): "Propensity score matching without conditional independence 

assumption- with an application to the gender wage gap in the United Kingdom," Econo­

metrics Journal, 10(2), 359- 407. 

FRYER, R. G., AND S. D. LEYITT (2010): "An Empirical Analysis of the Gender Gap in 

Mathematics," American Economic Journal: Applied Economics, 2(2), 210- 40. 

FUCHS, T., AND L. vVoSSMANN (2007): "'What accounts for international differences in student 

performance? A re-examination using PISA data," Empirical Economics, 32(2), 433- 464. 

GUISO, 1., P. SAPIENZA, A ND 1. ZINGALES (2006): "Does culture affect economic outcomes?," 

The Journal of Economic Perspectives, 20(2), 23- 48. 

HANUSHEK, E. A., A ND D. D. KIMKO (2000) : "Schooling, Labor-Force Quality, and the 

Growth of rations," The American Economic Review, 90(5), 1184- 1208. 

HANUSHEK, E. A., AND L. \iVOSSMAN ' (2010): The Economics of International Differences in 

Educational Achievement, Handbook of the Economics of Education, Vol. 3, E.A. Hanushek, 

S. Machin and L. vVoessmann (eds.) , Amsterdam: North Holland. 

HECKMAN, J. J ., R . LALONDE, AND J . SMITH (1999) : The Economics and Econometrics 

of Active Labor Market Programs) Handbook of Labour Economics, Vol. 3, 1865-2097, 0. 
Ashenfelter and D. Card (eds.), Amsterdam: North-Holland. 

IMBENS, G. Vv. (2004): "Nonparametric Estimation of Average Treatment Effects under Exo­

geneity: A Review," Review of Economics and Statistics, 86, 4- 29. 

KITSING, M. (2008): "PISA 2006- Estonian Results," Ministr-y of Education and Research of 

Estonia, Tartu. 

KRIEG, J. M., AND P . STORER (2006): "How Much Do Students Matter? Applying the Oax­

aca Decomposition to Explain Determinants of Adequate Yearly Progress," Contemporary 

Economic Policy, 24(4), 563- 581. 

MARTINS, L., AND P . VEIGA (2010) : "Do inequalities in parents' education play an impor­

tant role in PISA students' mathematics achievement test score disparities?/' Economics of 

Education Review, 29(6), 1016 - 1033. 

McEWAN, P ., AND J. MARSHALL (2004): "Why does academic achievement vary across coun­

tries? Evidence from Cuba and Mexico," Education Economics, 12(3), 205- 217. 

MORA, R. (2008): "A nonparametric decomposition of the Mexican American average ·wage 

gap," Journal of Applied Econometrics, 23(4) , 463- 485. 

22 



NIEDERLE, M ., AND L. VESTERLUND (2010) : "Explaining the Gender Gap in Math Test 

Scores: T he Role of Competition," The Jonrnal of Economic Perspectives, 24(2) , 129- 144. 

OAXACA, R . (1973): "Male-female wage differentials in urban labor markets," International 

Economic Review, 14(3) , 693- 709. 

OECD (2007): ((PISA 2006 science competencies for tomorrow's world," OECD, Paris. 

PATACCHINI, E., AND Y. ZENOU (2009): "On the sources of the black-white test score gap in 

Europe," Economics Letters, 102(1), 49- 52. 

RAD6, P . (2001) : Transition in Edncation. Open Society Institute, Institute for Educational 

Policy. 

ROGERS, M. L. (2008) : ((Directly unproductive schooling: How country characteristics affect 

the impact of schooling on growth," Enropean Economic Review, 52(2), 356- 385. 

ROSENBAUM, P . R. , AND D . B . RUBIN (1983) : ('The central role of the propensity score in 

observational studies for causal effects," Biometrika, 70(1) , 41- 55. 

SCHNEEWEIS, N. (2010) : "Educational institutions and the integration of migrants," Jonrnal 

of Popnlation Economics, forthcoming. 

SCHUTZ, G., H. w. URSPRUl G, AND L. vVOSSMANN (2008): "Education Policy and Equality 

of Opportunity," Kyklos, 61(2), 279- 308. 

WOSSMANN, L. (2003): "Schooling Resources, Educational Institutions and Student Perfor­

mance: the International Evidence," Oxford Bnlletin of Economics and Statistics, 65(2), 

117- 170. 

(2008): "How Equal Are Educational Opportunities? Family Background and Student 

Achievement in Europe and t he United States," Zeitschrift fiir Betriebswirtschajt, 78 (1), 

45- 70. 

WosSMANN, L., E. LDDEMANt , G. ScHDTZ, AND M. R . WEST (2009) : School Accountability, 

Autonomy and Choice aronnd the World, no. 13. Cheltenham: Edward Elgar. 

23 



Appendix 

Table A.l: Variables' description 

Variable r-,t{in Max Description Notation 

Test scores 

Reading score 5.67 781.96 mean of five plausible values for reading scorereading 

Math score 40.61 819.05 mean of five plausible values for math scoremath 

Science score 93.56 820.52 mean of five plausible values for science scorescience 

Student Background 

Student's sex 0 1 for male Dmale 

Student's age 182.04 195.96 Student's age in month age_ m 

7th grade 0 1 for 7th grade of students grade7 

gth grade 0 1 for g t h grade of students gradeS 

gth grade 0 1 for 9th grade of st udents grade9 

lOth or 11th 0 1 for lOth or 11th grade of students grade1011 

Books Cat.l 0 1 1 if less than 10 books at home book1 

Books Cat.2 0 1 if 11-25 books book2 

Books Cat.3 0 1 if 26-100 books book3 

Books Cat.4 0 1 if 101-200 books book4 

Books Cat.5 0 1 1 if 201-500 books bookS 

Books Cat.6 0 1 if more t han 500 books book6 

Mother's no sec. Eel. 0 1 if completed at most ISCED 1 m - noocc 

i\tlother's lower sec. Ed. 0 1 if completed ISCED 2 irii lower - sec 

Mother's upper sec. Ed. 0 1 if completed ISCED 3A,3B,3C or 4 m _ upper_ sec 

Mother's tertiary Ed. 0 1 if completed ISCED 5B or higher m - ter 

Father's no sec. Ed. 0 1 if completed at most ISCED 1 f nosec 

Father's lower sec. Ed. 0 1 if completed ISCED 2 f - lower - sec 

Father's upper sec. Ed. 0 1 if completed ISCED 3A,3B,3C or 4 f_ upper_ sec 

Father's tertiary Ed. 0 1 if completed ISCED 5B or higher f ter 

Som·ce: PISA 2006 data, own calculations. 
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Table A.2: ·weighted means and standard deviations 

Finland Estonia Czech R. Hungar y 

Variable Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev. 

score reading 548.50 75.86 506.68 80.18 484.87 105.76 483.31 90.05 

scoremath 550.26 75.15 516.48 75.80 511.14 98.41 491.81 86.84 

scorescience 565.56 80.66 533.55 79.67 514.21 94.84 504.71 84.70 

Dmale 0.49 0.50 0.51 0.50 0.56 0.50 0.52 0.50 

age_ m 187.77 3.40 189.66 3.44 190.53 3.43 188.49 3.43 

grade7 0.00 0.03 0.03 0.17 0.01 0.07 0.02 0.14 

grade8 0.11 0.32 0.25 0.44 0.03 0.18 0.05 0.23 

grade9 0.89 0.32 0.70 0.46 0.44 0.50 0.66 0.47 

grade1011 0.00 0.01 0.02 0.13 0.52 0.50 0.27 0.44 

book1 0.05 0.22 0.05 0.21 0.05 0.23 0.06 0.24 

book2 0.11 0.31 0.11 0.31 0.10 0.30 0.11 0.31 

book3 0.34 0.48 0.29 0.45 0.35 0.48 0.28 0.45 

book1 0.21 0.13 0.21 0.113 0.23 0.12 0.21 0.11 

book5 0.19 0.39 0.20 0.40 0.17 0.38 0.18 0.39 

book6 0.07 0.26 0.12 0.32 0.09 0.29 0.16 0.37 

rn nosec 0.04 0.19 0.00 0.03 0.01 0.08 O.Ql 0.09 -

m lower sec 0.06 0.24 0.03 0.17 0.03 0.17 0.14 0.35 - -
m _upper_ sec 0.33 0.47 0.62 0.49 0.77 0.42 0.57 0.50 

m ter 0.58 0.49 0.35 0.48 0.20 0.40 0.28 0.45 -

f nosec 0.06 0.24 0.00 0.06 0.00 0.05 0.01 0.07 -
f lower sec 0.09 0.28 0.04 0.21 0.02 0. 14 0.09 0.29 -

f _ upper _ sec 0.42 0.49 0.77 0.42 0.76 0.43 0.68 0.47 

f ter 0.43 0.50 0.18 0.39 0.22 0.41 0.22 0.42 -

Nu mber of obs. 4609 4703 5813 4395 

Source: PISA 2006 data, own calculations. 
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Table A.2 - continued: Weighted means and standard deviations 

Variable 

scorereading 

scoremath 

scorescience 

Dmale 

age_ m 

grade7 

gradeS 

grade9 

grade10ll 

book1 

book2 

book3 

book4 

book5 

book6 

m nosec 

rn lower sec 

m _ upper_ sec 

m ter 

f nosec 

f lower sec 

f_ upper_ sec 

f ter 

Number of obs. 

Latvia Slovakia 

Mean St.dev. Mean St.dev. 

481.09 

487.98 

491.63 

0.48 

189.61 

0.02 

0.16 

0.79 

0.03 

0.06 

0.12 

0.31 

0.24 

0.17 

0.10 

0.00 

0.02 

0.69 

0.29 

o.oo 

0.03 

0.77 

0.20 

84.09 

77.43 

80.02 

0.50 

3.42 

0.15 

0.37 

0.41 

0.17 

0.24 

0.33 

0.46 

0.43 

0.38 

0.30 

0.05 

0.14 

0.46 

0.45 

0.06 

0.18 

0.42 

0.40 

467.35 

493.07 

489.41 

0.51 

188.64 

0.01 

0.02 

0.38 

0.59 

0.08 

0.12 

0.40 

0.23 

0.12 

0.05 

0.00 

0.04 

0.81 

0.15 

o.oo 

0.03 

0.82 

0. 16 

99.67 

89.85 

89.49 

0.50 

3.38 

0.08 

0.14 

0.49 

0.49 

0.27 

0.32 

0.49 

0.42 

0.33 

0.22 

0.04 

0.21 

0.40 

0.36 

0.05 

0.16 

0.39 

0.36 

Bulgaria 

Mean St.dev. 

405.52 

415.70 

436.63 

0.52 

188.87 

0.00 

0.07 

0.74 

0.19 

0.20 

0.16 

0.28 

0.16 

0.12 

0.08 

0.02 

0.11 

0.59 

0.29 

0.01 

0.08 

0.74 

0.16 

110.95 

95.60 

102.63 

0.50 

3.42 

0.06 

0.25 

0.44 

0.39 

0.40 

0.37 

0.45 

0.37 

0.33 

0.27 

0.12 

0.31 

0.49 

0.45 

0.12 

0.27 

0.44 

0.37 

4542 4675 4255 

Source: PlSA 2006 data, own calculations . 

Romania 

Mean St.dev . 

396.02 

414.92 

418.37 

0.50 

188.91 

0.01 

0.14 

0.83 

0.03 

0.15 

0.21 

0.33 

0.15 

0.10 

0.06 

0.03 

0.09 

0.54 

0.34 

0.03 

0.07 

0.60 

0.30 

86.35 

79.31 

77.68 

0.50 

3.31 

0.08 

0.34 

0.38 

0.17 

0.36 

0.41 

0.47 

0.36 

0.30 

0.24 

0.16 

0.29 

0.50 

0.48 

0.16 

0.25 

0.49 

0.46 

5102 

Table A.3: The share of observations out of the common support 

Country 1 Finland Finland Finland Finland Finland Finland Finland Estonia Czech 

Country 2 E stonia Czech R. H ungary Latvia Slovakia Bulgaria R omania Latvia Slovakia 

Country 1 0.72% 0.15% 0.03% 0.52% 1.06% 1.54% 1.13% 0.04% 0.77% 

Country 2 1.07% 2.03% 0.88% 1.50% 0.39% 0.39% 0.52% 0.00% 0.15% 

Source: PISA 2006 data, own calculations. 
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Table A.4: Semiparametric Decomposition Result for Science 

Countries Ll.J Ll.c Ll.r Ll.cr Ll.o Ll. 

FIN-EST -0.11 3.81 30.78 -2.31 -0.15 32.02 

(0.15) (1.72) (2.08) (2.12) (0.19) (1.73) 

FIN-CZE -0.01 6.05 55.85 -9.73 -0.80 51.35 

(0.09) (3.19) (2.92) (3.82) (0.34) (1.85) 

FIN-HUN -0.03 1.06 59.24 0.84 -0.27 60.85 

(0.06) (2.05) (2.17) (2.38) (0.13) (1.82) 

F'IN-LTV 0.00 - 0.41 69.36 5.38 - 0.39 73.94 

(0.14) (2.30) (2.18) (2.63) (0.41) (1.84) 

F'IN-SLI< - 0.13 7.15 63.55 5.69 - 0.11 76.15 

(0.24) ( 4. 70) (2.31) (5.02) {0.15) {1.89) 

FIN-BUL 0.04 29.84 115.34 - 16.64 0.36 128.94 

(0.19) (1.88) (2.25) (2.10) (0.17) (2.02) 

FIN-ROM 0.29 12.02 134.06 0.58 0.25 147.20 

(0.15) (1.55) (2.04) (1.73) (0.11) (1.92) 

Source: PISA 2006 data, own calculations. T he country which has worse performance is always the reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 

Table A.5: Semiparametric Decomposit ion Result for Reading 

Countries Ll.J Ll.c Ll.r Ll.cr Ll.o Ll. 

FIN-EST -0.15 -1.27 41.37 4.92 -0.04 44.82 

(0.16) (2.40) (2.06) (2.71) {0.19) {1.70) 

FIN-CZE -0.02 7.16 63.48 -6.09 -0.91 63.64 

(U.Ul-J) (~.6l-J) (:l.l-.)6) ( 4.0~) (0.4~) (:l.U~) 

FIN-HUN -0.02 0.02 61.67 3.77 -0.26 65.19 

(0.05) (2.46) (2.17) (2.73) (0.16) (1.84) 

FIN-LTV - 0.Q7 - 2.07 62.96 7.01 - 0.42 67.41 

(0.11) (2.51) (2.39) (2.93) {0.48) (1.82) 

F IN-SLI< - 0.12 4.41 67.82 9.19 - 0.15 81.15 

(0.17) ( 4.96) (2.33) (5.16) {0.16) {1.92) 

FIN-BUL 0.02 30.37 127.39 - 15.15 0.35 142.98 

(0.16) (2.03) (2.46) (2.29) {0.17) {2.14) 

FIN-ROM 0.20 9.95 137.99 3.98 0.38 152.49 

(0.13) (1. 73) (2.05) (1.84) (0.15) {1.95) 

Source: PISA 2006 data, own calculations. T he country which has worse performance is always the reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 

Table A.6: Semiparametric decompositions for science between Eastern European countries 

Countries Ll.J Ll.c Ll.,. Ll.cr Ll.o Ll. 

EST-LTV 0.02 7.10 40.68 -5.88 0.00 41.92 

(0.04) (0.96) (1. 78) (1.04) (0.10) (1.90) 

CZE-SLI< 0.59 18.84 27. 12 - 22.00 0.24 24.80 

(0.25) (1.16) (2.12) (1.74) (0.28) (1.96) 

Sour·ce: PISA 2006 data, own calculations. T he country which has worse performance is always t he reference country. 
Standard errors are in brackets and simulated with 1000 bootst rap replicat ions. 
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Table A.7: Semiparametric decompositions for reading between Eastern European countries 

Count ries ..:l l .:le ..:lr ..:ler ..:lo ..:l 

EST-LTV -0.03 7.02 22.20 -6.60 0.00 22.59 

(0.06) (0.95) (1.84) {1.07) (0.09) (1.95) 

CZE-SLI< 0.40 20.71 24.28 - 28.09 0.21 17.51 

(0.21} (1.30) (2.38) (1.98) (0.26) (2.30) 

Source: PTSA 2006 data, own calculations. T he country which has worse performance is always t he reference country. 
Standard errors are in brackets and simulated with 1000 bootstrap replications. 

Table A.8: Semiparametric decomposition at different quantiles for science score 

5 % 25% 50 % 75 % 95 % 

Quantile Quantile Quantile Quantile Quant ile 

.:le 117.32 51.77 3.10 -44.21 -113.41 

(7.91) (1.76) (2.56) (2.81) (3.90) 

f-1 .!lr 157.14 80.93 29.42 - 22.61 -88.06 
r:f) 

( 4.65) (2.92) (2.52) (2.65) (3.80) lil 
I z ...... 
~ .:le,· -245.46 -100.25 1.89 98.89 232.05 

(8.82) (2.86) (3.19} (3.53) (4.79) 

.!ls 29.00 32.45 34.41 32.08 30.59 

( 4.60) (2.53) (2.34) (2.29) (3.52) 

.!le 30.50 64.58 18.40 - 35.28 - 83.58 

(21.13) (6.80) (2. 17) (3.09) (6.44) 

lil .!lr 187.92 112.49 52.09 - 5.02 - 50.87 
N 
0 (5.34) (3.67) (3.08) (4.13) (14.64) 

I 

z ...... 
.:le•· - 148.96 - 109.09 - 17.25 79.93 161.12 ~ 

(21.42) (7.42) (3.22) (4.67) (15. 72) 

.!ls 69.47 67.98 53.24 39.63 26.67 

(4.46) (2.75) (2.48) (2.63) (3.05) 

.:le 101.99 50.29 2.88 -42.28 - 104.27 

(13.43) (3.10) (3.55) (3.24) (3.98) 

z .!lr 183.73 107.88 56.22 7.65 -56.37 
:::> 
::c: (3.72) (3.15) (3.07) (2.97) (5.69) 

I 

z ...... 
~ .!le•· - 221.94 - 91.69 3.66 92.54 211.92 

(14.05) (3.86) ( 4. 15) (3.99) (6.59) 

.!ls 63.78 66.49 62.76 57.91 51.29 

(3.52) (2.67) (2.43) (2.10) (3.08) 

Source: PISA 2006 data, own calculations. The country which has worse performance is always the reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 
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Table A.8 - continued: Semiparametric decomposition at different quantiles for science score 

5 % 25 % 50 % 75 % 95 % 

Quantile Quantile Quantile Quantile Quantile 

b.c 77.47 54.45 3.50 -43.58 -112.03 

(18.42) (2.52) (2.26) (2. 70) (3.70) 

> /:).,. 189.51 117.58 68.90 17.41 -45.18 

~ (4.60) (3.42) (3.02) (3.18) (3.24) 
I z ...... 

""" 
b. er -196.21 -96.32 3.14 100.95 227.99 

(18.93) (3.74) (3.32) (3.66) (4.67) 

b.s 70.77 75.72 75.53 74.78 70.77 

(4.30) (2.75) (2.40) (2.50) (3.03) 

b.c 34.87 57.02 25.80 - 28.16 - 99.18 

(37.21) (2.01) (3.75) (4.29) (5.65) 

~ D.,. 198.20 115.14 56.38 4.11 - 51.74 
....:l 

( 4.45) (3.21) (3.09) (4.91) (3.06) r:n 
' z ...... 

/:).Cf' -147.48 -88.61 -3.57 91.75 212.18 ~ 

(37.41) (3.35) (4.53) (6.01) (6.05) 

b.s 85.60 83.55 78.61 67.70 61.26 

(4.30) (2.49) (2.55) (2.93) (2.88) 

b.c 156.14 92.13 37.44 -20.41 -112.79 

(4.16) (2.98) (4.27) (4.93) (5.81) 

....:l b.r 240.06 184.95 119.97 57.19 -34.31 
:::> 
0::) (7.59) (3.49) (3.43) (3.44) (3.14) 

' z ...... 

""" 
b. er - 243.55 - 126.67 - 23.41 76.42 231.49 

(7.89) (4.07) (4.78) (5.39) (6.19) 

b.s 152.65 150.41 134.00 113.20 84.39 

(4.98) (2.49) (3.06) (3.08) (3.30) 

Sour·ce: PISA 2006 data, own calculations. T he country which has worse performance is always the reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 
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Table A.8 - continued: Semiparametric decomposition at different quantiles for science score 

5 % 25 % 50 % 75 % 95 % 

Quantile Quantile Quantile Quantile Quantile 

b.c 87.54 60.61 20.72 - 23.20 -99.21 

(5.61) (2.94) (2.81) (8.19) (5.26) 

::;8 /:).,. 217.21 179.03 134.12 102.59 27.46 
0 
~ (5.65) (4.02) (3.64) (2.77) (3.55) 

I z ...... 

""" 
b. er -175.13 -91.18 -3.59 72.51 215.44 

(7.61) ( 4.41) (3.89} (3.51) (5.73) 

b.s 129.61 148.45 151.25 151.90 143.69 

(4.08) (2.80) (2.93} (2.62) (3.63) 

b.c 114.11 47.64 3.41 - 30.49 - 94.36 

(3.40) (2.55) (2.97) (2.29) (5.29) 

> D.,. 143.85 85.17 38.74 6.55 - 63.15 

~ (4.07) (3.12) (3.59) (2.85) {3.36) I 

E-t 
r:f) 

I'Ll b. er- - 217.12 -89.74 - 0.66 66.65 197.79 

( 4.96) (3.46) (4.23) (:{.23) {6.12) 

b.s 40.84 43.08 41.50 42.71 40.28 

(4.56) (3.05) (2.40) (2.38) (3.44} 

b.c 127.24 55.25 9.63 -22.18 -69.66 

(3.69) (2.29) (2.64} (4.67) (7.32) 

::=::: 
....:< 

b.r 129.61 81.58 29.93 -23.20 -71.73 
r:f) (12.81} (3.95) (3.09} (3.34) (3.92) 
' I'Ll 

N b. er - 240.99 - 120.51 - 14.75 73.27 175.71 0 
(12.83) (4.47) (3.80) (5.26) (8.16) 

b.s 15.85 16.32 24.80 27.88 34.32 

(4.33) (2.87) (2.51) (3.17) {3.16) 

Sour·ce: PISA 2006 data, own calculations. T he country which has worse performance is always t he reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 
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Table A.9: Semiparametric decomposit ion at different quantiles for reading score 

5 % 25 % 50% 75 % 95 % 

Quantile Quantile Quantile Quantile Quant ile 

b.c 92.44 48.98 -2.42 -46.97 -108.72 

(18.89) (1.83) (1.83) (2.66) (3.63) 

f-t /:).,. 168.57 86.52 37.42 -11.02 -67.92 
U) 

(2.58) l:il (5.90) (3.23) (2.60) (2.74) 
I z ...... 

""" 
b. er -210.48 -88.50 9.45 99.79 218.51 

(19.46) (3.08) (2.59) (3.33) (4.36) 

b.s 50.53 47.00 44.45 41.80 41.87 

(5.37) (2.71) (2.04) (2.17) (2.83) 

b.c 52.82 69.21 15.54 - 45.52 - 84.31 

(28.27) (7.03) (2.54) (3.17) (6.65) 

l:il D.,. 217.89 127.96 57.37 - 7.00 - 69.76 
N 
0 (7.05) (4.03) (3.25) (3.69) (10.64) 

I z ...... b. er- - 155.77 -108.38 -11.02 92.24 178.31 ~ 

(28.56) (7.55) (3.28) (4.41) (12.32) 

b.s 114.94 88.79 61.89 39.72 24.24 

(5.63) (3.18) (2.54) (2.51) (3.12) 

b.c 118.43 50.38 -5.32 -43.24 -101.90 

(19.96) (3.98) (4.01) (2.64) (3.82) 

z b.r 200.82 112.62 50.54 5.24 -49.11 
:::> 
::c: (5.34) (3.60) (3.08) (2.76) (3.82) 

I z ...... 

""" 
b. er - 228.85 - 88.09 15.75 92.03 202.81 

(20.25) (4.68) (4.56) (3.45) (5.16) 

b.s 90.40 74.92 60.97 54.02 51.80 

(4.80) (3.07) (2.32) (2.10) (2.87) 

Sour·ce: PISA 2006 data, own calculations. T he country which has worse performance is always t he reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 
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Table A.9 - continued: Semiparametric decomposition at different quantiles for reading score 

5 % 25 % 50% 75 % 95 % 

Quantile Quantile Quantile Quantile Quant ile 

b.c 82.42 49.90 -0.49 -45.28 -105.79 

(17.44) (3.19) (2.:n) (2.56) (3.94) 

> /:).,. 187.21 108.66 57.93 14.53 -42.97 

~ (5.07) (3.45) (3.03) (2.94) (5.21) 
I z ...... 

""" 
b. er -187.75 -82.81 8.66 91.75 206.61 

(18.13) ( 4.18) (3.03) (3.25) (6.44) 

b.s 81.88 75.75 66.09 61.00 57.85 

(3.74) (2.83) (2.43) (2.54) (2.83) 

b.c 50.16 62.87 17.59 - 39.50 - 103.60 

(48.28) (2.11) (4.70) (4.19) (5.93) 

~ D.,. 234.65 124.57 52.91 1.00 - 53.52 
....:l 

(4.26) (3.20) (3.11) ( 4.44) (3.67) r:n 
' z ...... 

/:).Cf' -157.48 -88.79 7.03 101.06 206.04 ~ 

(48.48) (3.21) (5.22) (5.86) (6.21) 

b.s 127.33 98.66 77.54 62.56 48.92 

(3.75) (2.74) (2.38) (2.23) (3.71) 

b.c 177.02 93.69 30.23 -26.25 -115.16 

(4.02) (3.21) ( 4.57) (5.23) (5.86) 

....:l b.r 270.69 199.21 121.36 66.72 -25.33 
:::> 
0::) (7.88) (4.04) (3.70) (3.13) (3.30) 

' z ...... 

""" 
b. er - 255.13 - 121.01 - 9.30 75.05 225.16 

(7.87) (4.45) (5. 19) (5.62) (6.26) 

b.s 192.58 171.89 142.29 115.51 84.67 

(4.23) (2.94) (2.97) (2.62) (3.71) 

Sour·ce: PISA 2006 data, own calculations. T he country which has worse performance is always t he reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 
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Table A.9 - continued: Semiparametric decomposition at different quantiles for reading score 

5 % 25 % 50% 75 % 95 % 

Quantile Quantile Quantile Quantile Quant ile 

b.c 115.40 63.15 11.29 -39.36 -104.71 

(7.02) (3.15) (2.72) (8.58) (5.38) 

::;8 /:).,. 242.09 182.64 135.87 96.48 30.58 
0 
~ (5.91) (4.10) (3.11) (3.37) (3.58) 

I z ...... 

""" 
b. er -192.27 -82.78 5.37 85.50 209.61 

(8. 76) ( 4.47) (3.57} (3.91) (5.69) 

b.s 165.22 163.02 152.54 142.61 135.49 

(3.89) (2.97) (2.26} (3.15) (3.77) 

b.c 132.95 49.00 - 6.11 - 38.28 - 84.65 

(3.33) (2.51) (2.44) (2.51) (5.53) 

> D.,. 152.20 67.67 11.81 - 24.11 - 82.58 

~ (3.92) (2.96) (3.19) (3.16) {3.24) I 

E-t 
r:f) 

I'Ll b. er- - 253.95 -87.96 15.88 81.25 183.05 

(5.67) (3.24) (3.62) (:{.69) {6.25) 

b.s 31.20 28.71 21.58 18.85 15.81 

(5.65) (3.12) (2.57) (2.52) (2.72} 

b.c 160.54 59.06 6.18 -23.96 -79.36 

(3.78) (2.72) (2.93} (5.98) (8.07) 

::=::: 
....:< 

b.r 164.16 79.47 19.17 -35.87 -88.02 
r:f) (12.04} (3.98) (3.22} (3.06) (4.54) 
' I'Ll 

N b. er - 310.91 - 128.36 - 9.64 82.48 191.45 0 
(12.61) (4.65) (4.04) (6.49) (8.79) 

b.s 13.79 10.17 15.72 22.65 24.07 

(5.92) (3.64) (3.08) (2.61) {3.63) 

Sour·ce: PISA 2006 data, own calculations. T he country which has worse performance is always the reference country. 

Standard errors are in brackets and simulated with 1000 bootstrap replications. 
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Table A.lO: Autonomy and in-service teacher t raining 

Finland Estonia Czech R. 

Dates of major reforms that have progressively 

increased the school autonomy a implemented 
1992 1990 

Dates of major reforms that have progressively 

increased the c utricu lar autonon-.y b implemented 
1990 2004 

School autonomy regarding 

hiring teachersa delegation c possible full full 

operating expend itures (salaries) a delegation possible full limited 

the content of the compu lsory min imum curri culum b limited full full 

the cu rricular co ntent of optional s ubjects b limi ted full full 

the choice of teaching methods b full full full 

the choice of school textbooks b delegation possible limited d full 

the criteria for the internal assessment. of pupils b full full full 

decisions as to wh ether pu pils sh ould repeat a year b full full full 

In-service teacher training a 

Status of in-service teacher training compulsory compulsory compulsory 

Amount of time per year (in hours) 18 32 no time indication 

Incentives no incent ives promotion salary increase 

a Source: Eurydice (2007) 

b Source: Eurydice (2008) 
c Delegation means that bodies or local a uthorities may delegate t heir decision-making power to schools. 

dTeachers choose the textbooks from a predetermined list. 
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Hungary 

1993 

1993 

limited 

limited 

limited 

limited 

full 

full 

full 

full 

compulsory 

17 

salary increase 



Table A.lO- continued: Autonomy and in-service teacher training 

Dates of major reforms that have 

increased the school autonomy a 

Dates of major reforms that have 

increased the curricu lar autonomy b 

School autonomy regarding 

hiring teachers a 

open:~ting expenditures (salaries) a 

the content of the compulsory minimum curriculum b 

the c urricula•· content of optional s ubjects b 

the choice of teaching methods b 

the choice of school textbooks b 

the c riteria for the internal assessment of pupils b 

decisions as to wheth er pu pils should repeat a year b 

In-service t eacher training a 

Status of in-service teacher training 

Amount of time per year (in hours) 

Incentives 

a Source: E urydice (2007) 

b Source: Eurydice (2008) 

Latvia 

1991 

1993 

full 

fu ll 

no autonomy 

limited 

full 

limited c 

limited 

no autonomy 

compulsory 

36 

no incentives 

cTeachers choose the textbooks from a predetermined list. 

Slovak R. 

1990 

1990 

full 

limited 

no autonomy 

fu ll 

full 

limited 

full 

full 

optional 

no time indication 

salary increase 

Table A.ll: Accountability 

Bulgaria 

2008 

full 

no autonomy 

no autonomy 

limited 

full 

full 

full 

full 

compulsory 

no t ime indication 

salary increase 

promotions 

Romania 

2006 

1998 

no autonomy 

no autonomy 

no autonomy 

full 

full 

limited 

fu ll 

full 

compulsory 

19 

promotion 

External exams a Tracking c 

for promotion, for monitoring School years in which 

streaming schools they take place 

Finland X (1998 d) 6,9 

Estonia X (1997) X (1997) 9 

Czech R. 

Hungary X (1986) 4,6,8 

Latvia X (1994) X (1994) 3,6,9 

Slovak R. X {2003) 9 

Bulgaria X (2006) 4,5,6 

Romania X (2007) X (1995) 7,8 

a Source: Eurydice (2009) 

b Source: PISA 2006 Database 
cv>le use t he school programs, in which the students are enrolled, as proxies for school types. 

dYear of first full implementation of external exams (national tests) . 
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Number of school 

programs b 

1 

1 

6 

4 

2 

6 

4 

3 


